Aim of the study: The aim was to
examine the effects of neoadjuvant
chemoradiotherapy on VEGF expres-
sion in patients with locally advanced
rectal cancer.

Materials and methods: A total of 53
patients with locally advanced rectal
cancer were retrospectively studied.
Neoadjuvant treatment comprised
external beam radiation (50.4 Gy/28
fractions) with continuous infusion of
5-fluorouracil. Four to 6 weeks after
the chemoradiotherapy, the patients
underwent surgical resection. Immu-
nohistochemistry was performed to
assess VEGF expression in the pre-
treatment biopsies and in resected
specimens.

Results: Resection with microscopic
residual tumour (R1) was performed
in two patients while in the remain-
ing 51 patients radical resection with
microscopically negative margins
(RO) was possible. Downstaging af-
ter preoperative chemoradiotherapy
was observed in 34 patients (64%).
After chemoradiotherapy 24 patients
(45%) had decreased VEGF expres-
sion, in 20 patients (38%) there was
no change, and in two patients it was
not possible to assess the dynamics
of VEGF expression due to pathologic
complete response after chemoradio-
therapy. The five-year overall survival
(OS) rate was 56% (95% Cl: 43-70%).
Although the median OS was 2.5
times shorter in patients who expe-
rienced decreased VEGF expression
during therapy, this difference did not
reach statistical significance. VEGF
expression was not significant in Cox
regression analysis or log-rank test.
VEGF expression decreased after neo-
adjuvant chemoradiotherapy in most
patients with rectal adenocarcinoma
examined. This decrease was associ-
ated with a trend of inferior prognosis.
Conclusions: VEGF expression de-
creased after neoadjuvant chemora-
diotherapy in most patients exam-
ined. This decrease was associated
with a trend of inferior prognosis.

Key words: rectal adenocarcinoma,
neoadjuvant treatment, radiotherapy,
chemotherapy, vascular endothelial
growth factor.
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Introduction

Total mesorectal excision preceded by a neoadjuvant chemoradiothera-
py is the current standard of care for patients with locally advanced rectal
cancer [1]. Neoadjuvant chemoradiotherapy using 5-fluorouracil signifi-
cantly increases the rate of pathologic complete response, lowers the local
recurrence rate, but does not improve disease-free survival (DFS) or overall
survival (OS) in comparison to external beam radiation alone [2]. Improve-
ment in the long-term outcomes is expected from the incorporation of ad-
ditional active agents [3].

Vascular endothelial growth factor (VEGF) plays an important role in the
development and maintenance of blood vessels as well as in the regulation
of vascular endothelial cell permeability [4]. According to immunohisto-
chemical studies VEGF is not expressed in normal colorectal mucosa, but
is highly expressed in adenocarcinomas [5-7]. In the sequence of trans-
formation of adenoma to adenocarcinoma VEGF expression represents an
early event [6, 7]. Neovascularisation, supported by increased expression
of VEGF, is essential for tumour nutrition and haematogenous spread [8].
In colorectal adenocarcinoma high VEGF expression has been shown to
correlate with poor prognosis and higher incidence of liver metastases [7].

In gastrointestinal oncology the inhibition of VEGF is being success-
fully used in the treatment of metastatic colorectal adenocarcinoma with
bevacizumab and aflibercept and in the treatment of advanced gastric or
gastro-oesophageal junction adenocarcinoma using ramucirumab. The
anti-angiogenic effect of bevacizumab may increase radiosensitivity. Bev-
acizumab has been incorporated into phase I-ll studies of preoperative
chemoradiotherapy for rectal cancer, but the toxicity pattern and surgical
complications observed in some of these studies were discouraging (3,
9-11]. In addition, there is no predictive biomarker for the therapeutic re-
sponse to the VEGF inhibitors [12].

The aim of this retrospective study was to evaluate the effect of neoad-
juvant chemoradiotherapy on VEGF expression of rectal adenocarcinoma,
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by comparison of VEGF expression in endoscopic biopsies
before the initiation of therapy and resection specimens
after the therapy. Another aim is to evaluate whether
changes in VEGF expression after neoadjuvant treatment
influence the survival or treatment response of patients
undergoing neoadjuvant chemoradiotherapy for rectal ad-
enocarcinoma.

Material and methods

Patient characteristics

Fifty-three patients, 38 males and 15 females, median
age 63 (range 41-75) years, with locally advanced rectal
adenocarcinoma were retrospectively studied. Sixteen pa-
tients had clinical stage Il and 37 patients had clinical stage

Table 1. Patient characteristics with VEGF expression score before and after preoperative radiochemotherapy

Patient Age Gender Clinical stage VEGF expression score Pathological stage VEGF expression score
number in pretreatment biopsies in resected specimens

1 64 F cT3cNOMO 0 ypT3ypNOMO 1
2 57 M cT3cNIMO 3 ypT3ypNIMO 1
3 71 M CT3cNIMO 3 ypT3ypNOMO 3
4 72 F cT3cNIMO 2 ypT3ypNOMO 1
5 60 M cT3cNIMO 2 ypTlypNOMO 2
6 60 F cT3cNIMO 2 ypT2ypNOMO 1
7 53 F cT3cNIMO 3 ypT3ypNOMO 2
8 66 M cT3cNOMO 2 ypT3ypNOMO 2
9 63 M CT3cNIMO 3 ypT3ypNOMO 2
10 59 M cT3cNIMO 3 ypT3ypNIMO 1
11 70 M CT3cNOMO 3 ypT3ypNOMO 1
12 62 F cT3cNOMO 2 ypT2ypNOMO 2
13 75 M cT3cNOMO 3 ypT3ypNOMO 1
14 74 M cT4cNIMO 2 ypT3ypNOMO 1
15 58 M cT3cNOMO 2 ypT3ypNIMO 2
16 67 F cT3cNOMO 3 ypT3ypNOMO 3
17 67 M cT3cNIMO 1 ypT3ypNIMO 1
18 53 M cT4cNIMO 1 ypT3ypNOM1 (liver) 1
19 58 M cT3cNOMO 3 ypT2ypNOMO 1
20 71 M cT4cN1IMO 2 ypT2ypNOMO 1
21 75 M CT3cNIMO 3 ypT3ypNOMO 3
22 67 M cT3cNIMO 3 ypT2ypNOMO 2
23 70 M CT3cNIMO 3 ypT3ypNIMO 1
24 60 M cT3cNOMO 2 ypT3ypNOMO 3
25 64 M CT4cNIMO 1 ypT3ypNOMO 2
26 67 F CT4cNIMO 3 ypT3ypNIMO 2
27 60 M cT4cNIMO 3 ypT2ypNOMO 2
28 67 M CT3cNIMO 3 ypT3ypNOMO 2
29 50 M cT3cNOMO 3 ypT3ypNOMO 1
30 64 F CT4cNIMO 3 ypT4ypNOM1 (liver) 1
31 72 M cT3cNIMO 2 ypT3ypNOM1 (liver) 1
32 64 M cT3cNOMO 2 ypT2ypN1IMO 2
33 61 M cT3cNIMO 3 ypT2ypNOMO 1
34 57 M cT3cNOMO 3 ypT2ypNOMO 3
35 74 M cT3cNIMO 2 ypTOypNOMO pCR =
36 75 F CT3cNIMO 2 ypTOypNOMO pCR

37 70 M cT3cNIMO 2 ypT3ypN1IMO 2
38 50 M CT3cNIMO 3 ypT2ypNOMO 3
39 72 F CT3cNIMO 3 ypT3ypNIMO 2
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Patient Age Gender Clinical stage

number
40 59 M cT3cNIMO 2
41 64 F cT3cNIMO 3
42 58 F cT3cNIMO 1
43 75 F cT3cNIMO 3
44 61 M cT3cNIMO 2
45 69 M cT3cNOMO 1
46 63 M cT3cNIMO 2
47 41 M cT3cNIMO 2
48 61 M cT3cNOMO 2
49 63 M cT4cN1IMO 3
50 41 F cT2cNIMO 3
51 59 M cT3cNOMO 3
52 42 F cT3cNOMO 2
53 54 M cT3cNIMO 2

VEGF expression score
in pretreatment biopsies

Pathological stage VEGF expression score

in resected specimens
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M —male; F - female; cTcNM — pretreatment clinical TNM classification; ypTypNM — postsurgical histopathological TNM classification after neoadjuvant
chemoradiotherapy; pCR — pathological complete response; mict. res. tu — microscopic residual tumour

Il tumours (Table 1). The anatomical localisation was as fol-
lows: upper rectum (> 10 cm) in 6 patients, middle rectum
(> 5-10 cm) in 28 patients, and lower rectum (< 5 cm from
the anal verge) in 19 patients. All patients had, in a pretreat-
ment biopsy, histologically verified adenocarcinoma (grade
1in 3 patients, grade 2 in 32 patients, and grade 3 in 18 pa-
tients). The tumour grade in the resection specimen was as
follows: three patients had grade 1, 28 patients had grade 2,
and 20 patients had grade 3. The median pretreatment CEA
level was 4.02 (range 0.39-62.39) pg/l.

Treatment

Neoadjuvant chemoradiotherapy comprised external
beam radiation with concomitant continuous infusion of
5-fluorouracil 200 mg/m?/day throughout the course of ra-
diation, which was interrupted during the weekends.

Pelvic radiotherapy was delivered for all patients using
megavoltage photon beams (6 or 15 MV) from a linear ac-
celerator (Clinac 600, Clinac 2100, or Varian, Varian Medi-
cal Systems, Palo Alto, CA, USA). All fields were irradiated
daily, five days per week. In total, a dose of 45 Gy in 25
fractions (single dose 1.8 Gy) was administered to the in-
tersection of the fields. The boost volume was treated to
a dose of 5.4 Gy in three fractions (single dose 1.8 Gy).

Surgery was performed 4-6 weeks after the end of
chemoradiotherapy.

The Common Toxicity Criteria for Adverse Events ver-
sion 4.0 was applied to evaluate toxicity.

Immunohistochemical determination of VEGF

The immunohistochemical evaluation was scored
semi-quantitatively, and the cytoplasmatic intensity of at
least 1% of invasive tumour cells was assessed as follows:
0 = none, 1+ = weak staging (Fig. 1A), 2+ = moderate stag-

ing (Fig. 1B), or 3+ = strong staining (Fig. 1C, Denmark) was
used. Slides were evaluated by an experienced pathologist
who was not familiar with the treatment results of the pa-
tients. Endobioptic findings before treatment as well as re-
section specimens after neoadjuvant chemoradiotherapy
and surgical treatment were analysed in this patient study.

Statistical analysis methods

The statistical evaluation was performed using the Num-
ber Cruncher Statistical Systems 9 NCSS (Kaysville, UT, USA)
program. OS and DFS were assessed using Kaplan-Meier
analysis. The effect of VEGF expression on treatment out-
comes was assessed by the log-rank test and Cox regres-
sion analysis. The predictive impact of the changes in VEGF
expression and treatment response was evaluated using
the y? test. In each case the decision on statistical signifi-
cance was based at the significance level a. = 0.05.

Results

All patients completed the planned dose of radiother-
apy. Two patients did not complete the planned dose of
chemotherapy, in both cases due to haematological tox-
icity. There was no treatment-related mortality, and pre-
operative chemoradiotherapy was reasonably well toler-
ated in the majority of cases. Grade 3 diarrhoea occurred
in three patients and grade 3 leukopenia in two patients.
The median nadir of haemoglobin concentration was 124
(range 92-165) g/|, median nadir of leukocyte count was
4.2 (range 1.6-14.5) 10°/|, and median nadir platelet count
was 198 (range 93-263) 10°/l. Radical resection with mi-
croscopically negative margins (RO) was performed in 51
patients (sphincter-preserving resection in 22 patients and
abdominoperineal resection in 29 patients) and resection
with microscopic residual tumour (R1) in two patients (one
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patient after sphincter-preserving resection, and one pa-
tient after abdominoperineal resection). Based on TNM
definitions, the pathologic stage was as follows: pCR two
patients, microscopic residual tumour two patients, stage
| 16 patients, stage I 18 patients, stage Ill 12 patients, and
stage IV three patients. All three patients with stage IV
had liver metastases that were detected during surgery.
Downstaging after preoperative chemoradiotherapy was
observed in 34 patients (64%). In the resection specimen
after chemoradiotherapy, VEGF expression decreased in
24 patients (45%), increased in seven patients (13%), did
not change in 20 patients (38%), and in two patients the
change was not evaluable because of pathologic complete
response (Tables 1 and 2). Interestingly, VEGF expression
levels increased only in patients with Score 1 and de-
creased only in patients with Score 3.

Fig. 1. A) VEGF staining score 1+; B) VEGF staining score 2+; C) VEGF
staining score 3+

The median follow-up was 109 months (9.1 years).
During the follow-up 24 patients had recurrence and 30
patients died. At the time of this analysis, 22 patients
were alive with no recurrence and one patient was alive
with recurrence. Five-year OS rate was 56% (95% Cl: 43—
70%) with median OS of 8.6 years (Fig. 2). Median OS was
2.5 times shorter in patients who experienced decreased
VEGF expression during therapy, but this difference did
not reach statistical significance (Fig. 3). VEGF expression
was not significant in Cox regression analysis or log-rank
test. The coefficient of determination (R2) in Cox regres-
sion analysis was 0.0267. R2 in analysis of deviance was
not significant (p = 0.502). Similarly, decrease in VEGF
expression after neoadjuvant treatment was not pre-
dictive for treatment response and tumour downstaging
(p = 0.61).

Table 2. Vascular endothelial growth factor (VEGF) expression score in pretreatment biopsies and resected specimens

VEGF expression

Score O 1 (2%)
Score 1+ 5 (9%)
Score 2+ 21 (40%)
Score 3+ 26 (49%)

pCR after chemoradiation

pCR — pathological complete response

Pretreatment biopsies (patients)

Resected specimens (patients)
1(2%)
17 (32%)
20 (38%)
13 (24%)
2 (4%)
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Fig. 2. Kaplan-Meier overall survival curve in days (solid line) with
median overall survival (dotted line)

Discussion

In the present study, we observed differential response
of VEGF expression to neoadjuvant chemoradiation, with
a decreased expression observed in most patients. A de-
crease of VEGF expression was associated with a trend of
worse survival. It cannot be excluded that in a larger co-
hort of patients the predictive or prognostic role of VEGF
expression would be more evident and could reach statis-
tical significance. It is very interesting that the prognosis is
lower when VEGF decreases. This should be taken into ac-
count, in view of the damages due to the destruction of an-
giogenesis by antiangiogenic agents. Because the results
of this study indicate an association between a decrease
of VEGF during the preoperative chemoradiotherapy, it
may be hypothesised that the inhibition of angiogenesis
using bevacizumab during preoperative chemoradiothera-
py for rectal cancer may be contra productive.

The first concept of antiangiogenic therapy aimed to
destroy tumour vessels, while it turned out that, paradox-
ically, antiangiogenic drugs normalised vasculature and
as a result offered an improvement in chemotherapeutic
delivery [13, 14]. The results of the present study support
the positive importance of the normalisation of tumour
vasculature rather than destruction.

A major limitation of the present pilot retrospective
study is a relatively small number of patients. The size of
this cohort was limited by the intention to analyse a more
homogeneous cohort of patients treated at one centre
using the same chemoradiotherapy regimen and same
surgical management and pathological processing of sam-
ples. The subgroup of patients with no decrease of VEGF
expression was heterogeneous and included patients with
pathological complete response, which could have contrib-
uted to the favourable outcome. Thus, the hypothesis that
the decrease of VEGF expression after chemoradiation is
associated with inferior prognosis should be investigated
in a large prospective cohort of patients.

The observation of decreased VEGF expression after
chemoradiation is in contrast with an earlier study that
examined VEGF expression before and after preopera-
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Fig. 3. No decrease of VEGF expression overall survival curve (solid
line)

tive radiotherapy was examined in a study investigating
16 locally advanced rectal cancer patients. The tissues
biopsied before preoperative radiotherapy and resection
specimens were immunohistochemically stained. Four
cases were negative for VEGF expression before radiother-
apy, but the 12 other cases were positive, with four of these
demonstrating strong immunoreactivity. After radiothera-
py, all but one case demonstrated VEGF-positive patterns,
in which 14 cases showed marked staining. VEGF expres-
sion increased after radiotherapy in 12 cases, compared
to a single case that showed reduced expression [15]. In
the present study we combined radiotherapy with con-
comitant administration with 5-fluorouracil and examined
higher number of patients.

VEGF expression was examined also in two studies be-
fore and after preoperative high-dose rate brachytherapy
26 Gy/4 fractions/4 days for local advanced rectal can-
cer [7, 16]. In the present study we used a preoperative
chemoradiotherapy schedule, which is more commonly
employed in routine clinical practice than preoperative
brachytherapy.

In three similar retrospective studies it was observed
that the overexpression of epidermal growth factor receptor
(EGFR) during neoadjuvant chemoradiotherapy for locally
advanced rectal adenocarcinoma, assessed by comparison
of EGFR expression in endoscopic biopsies before, and re-
section specimens after the therapy, is associated with sig-
nificantly shorter overall survival and disease-free survival
[17-19]. However, such an association with outcome could
not be demonstrated in the present study for VEGF.

In conclusion, VEGF expression decreased after neo-
adjuvant chemoradiotherapy in most patients with rectal
adenocarcinoma examined in the present study. This de-
crease was associated with a trend of inferior prognosis
that did not reach statistical significance.

This article was supported by research program Progres
Q40/06 of Charles University in Prague.
The authors declare no conflict of interest.
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