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Abstract

Background There are few studies on serum vascular endothelial growth factors and receptors (VEGF/VEGFRs) in patients
with uterine cervical cancer (CC). The aim of this study was to determine whether VEGF/VEGFRs could be used as prog-
nostic biomarkers in patients with CC.

Methods A total of 107 patients with stage IB to IIB CC, who underwent radical hysterectomy at Tottori University Hospital
between 2006 and 2015, were included in this study. Serum samples were collected prior to radical hysterectomy, and levels
of VEGF-A, VEGF-C, VEGFR-1, and VEGFR-2 were analyzed by enzyme-linked immunosorbent assays. We evaluated the
association between the levels of these angiogenic factors and clinicopathologic variables. Survival analysis of 93 patients
treated between 2006 and 2013 was performed.

Results The levels of VEGF-A in patients with bulky tumor, pelvic lymph-node involvement (PLNI), and parametrial infiltra-
tion (PI) were significantly higher than those in patients without these factors (P=0.022, P=0.020, and P=0.0013, respec-
tively). The overall survival (OS) of patients with high VEGF-A and VEGFR-2 defined by median levels was significantly
lower than the OS of patients with low levels of VEGF-A and VEGFR-2 (P=0.014, P=0.012, respectively). Multivariate
analysis revealed that PLNI, serum VEGF-A levels, and serum VEGFR-2 levels were independent prognostic factors for OS
(hazard ratio for VEGF-A 3.42, 95% CI 1.07-13.2; hazard ratio for VEGFR-2 6.37, 95% CI 1.59-43.5).

Conclusion Our results suggest that serum VEGF-A and VEGFR-2 may be promising prognostic biomarkers for CC.

Keywords VEGF - Biomarker - Angiogenesis - Cervical cancer

Introduction

Cervical cancer is a common gynecological cancer, with
527,600 newly diagnosed cases and the cause of 265,700
deaths worldwide in 2012 [1]. Cytologic screening have
decreased the morbidity of cervical cancer in developed
countries, and DNA testing for high-risk human papillo-
mavirus (HPV) would accelerate detection of precancerous
lesions. However, it remains a considerable issue for women
who do not have access to an effective screening program.
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Although early stage and locally advanced cervical cancer
might be cured with radical hysterectomy or chemoradio-
therapy, patients with metastatic lesions and those with per-
sistent or recurrent disease have limited options.

HPVs are small double-stranded DNA viruses that have
been strongly linked to the etiology of cervical cancer [2].
In addition to cell proliferation and suppression of apoptosis,
the HPV E6 oncoprotein contributes to tumor angiogenesis
by direct stimulation of the vascular endothelial growth fac-
tor (VEGF) gene [3].

Angiogenesis is one of the processes that are critical for
the growth, invasion, and metastasis of solid tumors, includ-
ing cervical cancer [4, 5]. VEGF and its receptors is one
of the major pathways involved in tumor angiogenesis. The
VEGF family comprises in mammals five members: VEGF-
A, placenta growth factor, VEGF-B, VEGF-C, and VEGF-
D [6]. VEGEF ligands, on binding to their three primary
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receptors and two co-receptors, initiate signal transduction.
VEGF-A binds to both vascular endothelial growth factor
receptor-1 (VEGFR-1), also known as Flt-1, and VEGFR-
2, known as Flk-1, involved in tumor invasion and migra-
tion. VEGFR-1 is primary involved in development and
is not seen as critical in tumor angiogenesis. VEGFR-3,
which binds VEGF-C and VEGF-D, is innate to lymphatic
endothelial cells and plays a role in lymph-node metastasis
[7]. VEGFR-1 and VEGFR-2 are principally expressed on
blood vascular endothelium, whereas VEGFR-3 is expressed
on lymphatic endothelium [8].

Recently, various molecular targeted agents have been
developed and used in the treatment of a variety of malig-
nancies. Bevacizumab, a recombinant humanized monoclo-
nal antibody that targets VEGF-A, shows clinical benefit in
patients with colon, lung, breast, and ovarian cancer [4].
The Gynecologic Oncology Group (GOG) 240 study dem-
onstrated a significant improvement in progression-free sur-
vival (PFS) and overall survival (OS) with the addition of
bevacizumab to chemotherapy in patients with recurrent,
persistent, or advanced stage primary cervical cancer [9].
Although VEGF can be targeted in the treatment of cervical
cancer, a biomarker that predicts the sensitivity of the tumor
has not yet been identified.

Several studies indicated that VEGF overexpression in
tumor tissue samples can be a diagnostic or predictive bio-
marker for cervical cancer [10, 11], but there are few studies
on serum VEGF in patients with cervical cancer. The advan-
tages of a serum biomarker are as follows. First, samples
can be collected non-invasively from patients, and second,
physicians can monitor changes in tumor biology by repeat-
ing the test throughout treatment. Therefore, we conducted
the present study to explore the utility of serum VEGFs and
receptors (VEGF/VEGFRs) and to evaluate their utility as
prognostic biomarkers of cervical cancer.

Materials and methods
Patients and sample collection

A total of 107 patients with International Federation of
Gynecology and Obstetrics (FIGO) stage IB to IIB cervi-
cal cancer, who underwent radical hysterectomy at Tottori
University Hospital between 2006 and 2015, were enrolled
in this study. Patients with bulky tumor (>40 mm) or hav-
ing stage IIB disease received neoadjuvant chemotherapy
(NAC) consisting of platinum- and taxane-based regimens.
Adjuvant concurrent chemoradiotherapy or radiotherapy was
given in cases with pelvic lymph-node involvement (PLNT)
or parametrial infiltration (PI). The survival of 93 patients
treated between 2006 and 2013, with median follow-up dura-
tion of 1743 days, was analyzed. The study was approved

by the Institutional Review Board of Tottori University
Hospital. All patients gave written informed consent before
the collection of specimens according to the institutional
guidelines.

Blood samples for analysis of VEGF/VEGFRs were col-
lected prior to radical hysterectomy. The sample of patients
who received NAC was collected just before NAC. Samples
were left to coagulate for 30—60 min, followed by centrifu-
gation. The serum samples were aliquoted and immediately
stored at — 80 °C. Tumor samples were collected from non-
necrotic cancer tissue during the surgery, rinsed with phos-
phate-buffered saline, and stored at — 80 °C prior to analysis.

Enzyme-linked immunosorbent assays (ELISA)

Serum VEGF-A, -C, VEGFR-1, and VEGFR-2 concentra-
tions were measured with the Quantikine Human VEGF-A,
-C, VEGFR-1 and VEGFR-2 kits (R&D Systems, Minne-
apolis, MN, USA). Serum samples were diluted fivefold for
VEGF-C determinations. Working standards were prepared
according to the manufacturer’s instructions. A total of
100 pL of Assay Diluent RD1W was added into a 96-well
plate coated with a monoclonal antibody against an indi-
vidual growth factor or soluble receptor. Serum samples,
standards, and controls were dispensed in duplicate and
incubated for 120 min at room temperature. The plate was
washed three times in wash buffer. A volume of 200 pL of a
VEGF/VEGFR conjugate was added to each well and incu-
bated for 120 min. Washings were repeated. A volume of
200 pL of substrate solution provided with the kit was added
in the dark, and the reaction was stopped after 30 min of
incubation. Bound VEGF/VEGFRs were detected by meas-
uring the absorbance at 450 nm in a photometer and the
concentration was determined from the standard curve. All
samples were examined in triplicate and the mean values
were used for statistical analysis.

Real-time reverse transcriptase-polymerase chain
reaction (RT-PCR)

Messenger RNA (mRNA) expression of VEGF-A was deter-
mined with real-time RT-PCR. Total RNA was isolated
from frozen tissue using the RNeasy Mini Plus Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. Complementary DNA was synthesized from the iso-
lated RNA by RT with the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA,
USA). Quantitative real-time PCR was performed using
TagMan probes for the target genes and for the endogenous
control gene (VEGF-A, Hs00900054_ml and GAPDH, Hs99
999905_ml) as previously described [12].

The calculations for determining the relative level of
gene expression were performed using the cycle threshold
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(Ct) method. The mean Ct values from triplicate measure-
ments were used to calculate the relative expression of
VEGF-A with normalization to GAPDH using the 2744
method. We calculated AACt using the maximum ACt
value among all samples as positive control.

Immunohistochemistry

A part of each sample was fixed with 10% formalin and
embedded in paraffin. For routine histologic studies,
3-pum-thick sections were stained with hematoxylin and
eosin. After the sections were deparaffinized and endoge-
nous peroxidase activity was blocked, they were pretreated
with citrate buffer (0.01 M, pH 6.0) in a water bath for
40 min at 100 °C. Thereafter, the sections were incu-
bated at 4 °C overnight with a rabbit polyclonal antibody
against VEGF-A (clone A-20; diluted 1:100, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). To detect binding
of the primary antibody, the sections were incubated with
EnVision + Dual Link System-HRP Rabbit/Mouse (Dako,
Glostrup, Denmark) for 30 min and then with 3,3’-diamin-
obenzidine (DAB) solution (liquid DAB + substrate, imi-
dazole-HCL, Dako) for 5 min. Finally, the sections were
counterstained with hematoxylin. For the negative control,
the primary antibodies were replaced with phosphate-buff-
ered saline. We used a section of colon cancer tissue as the
positive control of VEGF-A.

To evaluate the staining of cancer cells, a semi-quantita-
tive scoring method called the immunoreactive score (IRS)
was performed according to Remmele and Stegner [13].
The IRS is obtained by the product of intensity of immu-
nostaining (none =0; weak = 1; moderate =2; strong =3)
and percentage of positive tumor cells (none =0;
1-10% =1; 11-50% =2; 51-80% =3; > 80% =4).

Statistical analysis

All statistical analyses were performed with Prism ver-
sion 5 (GraphPad Software Inc., San Diego, CA, USA)
and JMP version 11 program (SAS Institute Inc., Cary,
NC, USA). Because the Shapiro—Wilk test for normality
indicated that serum concentrations of VEGF/VEGFRs
were not normally distributed, the Mann—Whitney U test
was applied to investigate the significance of differences in
VEGF/VEGFRs according to each clinicopathologic vari-
able. Patient survival distribution was calculated using the
Kaplan—-Meier method. The significance of the survival
distribution in each group was tested by the log-rank test.
Multivariate analysis was performed to fit a Cox propor-
tional hazards model. A P value of <0.05 was considered
statistically significant.
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Results

One hundred and seven patients with International Federa-
tion of Gynecology and Obstetrics (FIGO) stage IB to IIB
cervical cancer were enrolled in our study. They underwent
radical hysterectomy at Tottori University Hospital between
2006 and 2015.

The clinical characteristics of the patients are summa-
rized in Table 1. The median age at the initial diagnosis
was 46 years (range 27-69 years). According to FIGO stag-
ing, there were 62 patients (57.9%) with stage IB1 cancer,
16 patients (14.9%) with stage IB2, nine patients (8.4%)
with stage IIA, and 20 patients (18.6%) with stage I1IB can-
cer. Thirty-five patients (32.7%) had bulky tumor (tumor
size >40 mm). Twenty-three patients (21.4%) had PLNI, and
16 patients (15%) had PI. Patients with bulky tumor or PI
received neoadjuvant chemotherapy.

Median levels of serum VEGF-A, VEGF-C, VEGFR-1,
and VEGFR-2 were 313 (43-1227), 8122 (43-1227), 68
(0-132.6), and 6210 (3684-10,227) pg/mL, respectively.
The levels of VEGF-A in patients with bulky tumor, PLNI,
and PI were significantly higher than the levels in patients
without these factors. There was no correlation between the
level of serum VEGF-C and clinicopathological features.
The level of serum VEGFR-2 in patients with PLNI was

Table 1 Patients’ characteristics

Median age (range) 46 (27-69)
FIGO stage
IB1 62
1B2 16
A 9
1B 20
Tumor size
Non-bulky 72
Bulky 35
Histologic subtype
Squamous cell carcinoma 80
Adenocarcinoma 23
Adenosquamous carcinoma 3
Small-cell carcinoma
Pelvic lymph-node involvement
Negative 84
Positive 23
Parametrial infiltration
Negative 91
Positive 16
Neoadjuvant chemotherapy
No 70
Yes 37
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significantly higher than the level in patients without PLNI.
On the other hand, the level of serum VEGFR-1 in patients
with either bulky tumor or PLNI was significantly lower
than the level in patients without the corresponding factor
(Table 2). There was no correlation between patient age
and the levels of serum VEGF/VEGFRs. We examined the
association between clinicopathological factors and progno-
sis. Tumor stage, histological type, and tumor size were not
prognostic factors of cervical cancer. Patients with PLNI and
PI had a significantly poor prognosis (Table 3).

For survival analysis, we set the cut-off value of VEGF/
VEGFRs at the median level according to the previous
study [13]. The estimated 5-year OS rate of patients with
high VEGF-A levels (higher than the median level) was
72.8% and the rate of those with low VEGF-A levels was
92.9%. The estimated 5-year OS rate of patients with high
VEGEFR-2 levels was 73.8% and the rate of those with low
VEGFR-2 levels was 94.7%. The OS of patients with high
VEGF-A and VEGFR-2 levels was significantly lower than
the OS of patients with low levels (Table 3, Fig. 1a). Twenty-
eight of 93 patients who had PLNI or PI received adjuvant

Table 2 Clinicopathological variables and serum levels of VEGF-
VEGFRs

Median (pg/mL) VEGF-A VEGF-C VEGFR-1 VEGFR-2
FIGO stage
IB1 251 8051 72 6141
1B2 367 8676 59 6386
A 244 9492 74 6979
1B 460 9070 73 6085
P value 0.15 0.88 0.61 0.69
Histologic subtype
SCC 313 8175 67 6211
Non-SCC 313 7974 69 6073
P value 0.70 0.99 0.53 0.78
Tumor size
Non-bulky 246 8130 78 6315
Bulky 423 7775 58 5959
P value 0.022 0.74 0.021 0.48
Pelvic lymph-node involvement
Negative 246 8130 75 6120
Positive 460 8061 53 6910
P value 0.020 0.64 0.020 0.046
Parametrial infiltration
Negative 279 8051 69 6160
Positive 526 10,370 65 6361
P value 0.0013 0.18 0.35 0.35
Neoadjuvant chemotherapy
No 246 8087 69 6201
Yes 443 8676 65 6210
P value 0.0088 0.73 0.44 0.84

radiotherapy. Pretreatment serum VEGF/VEGFRs values
did not affect OS for these patients.

Multivariate analysis revealed that PLNI, serum VEGF-A
levels, and serum VEGFR-2 levels were independent prog-
nostic factors for OS [hazard ratio (HR) for VEGF-A 3.42,
95% CI 1.07-13.2, P=0.038; HR for VEGFR-2 6.37, 95%
CI 1.59-43.5, P=0.007, Table 3).

We examined mRNA expression of VEGF-A in tumor tis-
sue for comparison with serum VEGF-A levels. Total RNA
of sufficient quality and quantity for real-time RT-PCR could
be obtained from fresh frozen tissue samples in 39 out of 107
cases. Therefore, we also examined these 39 cases for the
immunohistochemical expression of VEGF-A. There was
no significant correlation between mRNA or protein expres-
sion and serum levels of VEGF-A. The mRNA or protein
expression levels were not related to any clinicopathologic
variables in this cohort (Table 4, Fig. 1b).

Discussion

In the present study, we investigated the serum concentra-
tions of VEGF-A, VEGF-C, VEGFR-1, and VEGFR-2 in
patients with stage IB1 to IIB cervical cancer. There are
few reports, indicating that serum VEGF-A remains an
independent prognostic factor for cervical cancer after
using multiple VEGF/VEGFRs concomitantly detected
in serum samples as explanatory variables in multivariate
analysis. Our results demonstrated that VEGF-A was higher
in patients with bulky tumor, PLNI, or PI than in patients
without these factors that both VEGF-A and VEGFR-2 pre-
dict significantly worse OS and that serum VEGF-A and
VEGFR-2 are independent prognostic factors in patients
with cervical cancer in terms of OS.

Zusterzeel et al. examined serum VEGF-A in 167 patients
with stage IB to IV cervical cancer. In their report, serum
VEGF-A was significantly higher in patients with advanced
tumor stage, large tumor size (greater than 2 cm in diam-
eter), and vascular space invasion. In addition, serum VEGF-
A was associated with OS and retained its prognostic value
for OS in multivariate analysis (HR 1.92,95% CI 1.01-3.64,
P=0.04). They concluded that serum VEGF-A levels cor-
related with more advanced and more aggressive cervical
cancer and it might be a useful prognostic factor in these
patients [14]. The present study showed that serum VEGF-A
was an independent prognostic factor for OS (HR 3.42, 95%
CI1.07-13.2, P=0.038), which is congruent with the result
reported by Zusterzeel et al. [15].

The association of clinicopathologic factors with serum
VEGF-A or C in the previous reports has not been consist-
ently demonstrated [14, 15]. Lebrecht’s study included 38
patients with stage Ia to Ila who underwent radical hyster-
ectomy and 46 patients with stage IIb to IV who underwent
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Table 3 Univariate and

S Factor N Univariate analysis Multivariate analysis
multivariate analyses
Five year P value Hazard ratio  95% confidence P value
survival rate interval

FIGO stage
1B 68  88.7 0.12
1I 25 729

Histologic subtype
SCC 69 857 0.78
Non-SCC 24 822

Tumor size
Non-bulky 60  79.6 0.41
Bulky 33 100

Pelvic lymph-node involvement
Negative 71  95.1 <0.0001  7.76 2.50-29.4 <0.0001
Positive 22 485

Parametrial infiltration
Negative 79  88.7 0.0023  1.62 0.46-5.36 0.44
Positive 14 59.6

Neoadjuvant chemotherapy
No 59 926 0.0083  1.99 0.61-7.03 0.25
Yes 34 69.7

VEGF-A
Low (<313) 43 929 0.014 342 1.07-13.2 0.038
High (>313) 43 728

VEGF-C
Low (< 8122) 49 847 0.80
High (>8122) 43 844

VEGFR-1
Low (< 68) 31 83.3 0.45
High (>68) 23 772

VEGFR-2
Low (<6210) 41 947 0.012 6.37 1.59-43.5  0.0067

High (>6210) 44 738

primary irradiation [15]. Mitsuhashi et al. examined serum
VEGF-A and VEGF-C in 78 patients with cervical cancer.
They reported that serum levels of VEGF-A and VEGF-
C significantly correlated with FIGO stage and tumor size,
but not with PLNI. Pretherapeutic levels of VEGF-C also
significant correlated with disease recurrence or persistence
after treatment [16]. The present study showed that serum
VEGF-C did not correlate with stage, tumor size, PLNI,
or PI. Our study focused on stage IB to IIB patients who
underwent radical hysterectomy. In other words, we did not
examine patients with advanced stage. This may explain
why serum VEGF/VEGFRs did not correlate with tumor
stage unlike other studies. On the other hand, Zusterzeel,
Lebrecht, and Mitsuhashi paper included patients with stage
III/TV who underwent definitive chemoradiotherapy, which
means lymph-node status was pathologically unknown in
considerable numbers of their patients. This may explain

@ Springer

why serum VEGF-A or C did not correlate with lymph-node
involvement unlike our study.

There have been few reports on serum levels of VEG-
FRs in patients with cervical cancer. Braicu et al. ana-
lyzed the expression profile of matrix metalloproteinases,
cell adhesion molecules, and the VEGF family in patients
with high-risk stage Ib to IIb cervical cancer. They demon-
strated that serum VEGFR-1 levels of higher than 100 pg/
mL and tissue inhibitor of metalloproteinases 2 (TIMP2)
levels of lower than 90 ng/mL were significantly associated
with poor OS and PFS in univariate analysis. In multivari-
ate analysis, serum TIMP2 expression was the only inde-
pendent prognostic factor for OS [17]. Although the exact
role of VEGFR-1 in angiogenesis is unclear, VEGFR-2
has a predominant role in VEGF-induced angiogenic and
vascular permeability effects. Indeed, several studies have
indicated that VEGFR-2 is associated with OS in patients
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Fig. 1 a Overall survival of patients with high VEGF-A levels was
significantly lower than those with low levels, and the overall survival
of patients with high VEGFR-2 levels was significantly lower than
those with high levels. However, there were no significant relation-
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ships between overall survival and VEGF-C or VEGFR-1. b Immu-
nohistochemistry revealed that the VEGF-A protein was expressed
mainly in cancer cells. Representative sections of FIGO stage IBI,
squamous cell carcinoma scored as IRS: 12 (x40)
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Table 4 Clinicopathological variables and tumor expressions of
VEGF-A

Median mRNA (2744CY IRS Serum
VEGF-A
(ng/mL)

FIGO stage

IB (n=26) 5.502 3 314

I (n=13) 18.00 1 416

P value 0.059 0.28 0.29
Histologic subtype

SCC (n=11) 6.148 3 394

Non-SCC (n=28) 3.586 2 373.5

P value 0.98 0.94 0.72
Tumor size

Non-bulky (n=13) 5.519 3 215.5

Bulky (n=26) 14.22 2 460

P value 0.69 0.87 0.037
Pelvic lymph-node involvement

Negative (n=27) 5.352 3 394

Positive (n=12) 13.30 2 342.5

P value 0.38 0.91 0.73
Parametrial infiltration

Negative (n=30) 4.874 2.5 314

Positive (n=9) 20.39 0 446

P value 0.11 0.87 0.24

with ovarian cancer [12, 18]. Therefore, we examined the
serum levels of both VEGFR-1 and VEGFR-2. The present
data showed that a low level of VEGFR-2 was significantly
associated with better OS and that VEGFR-2 was an inde-
pendent prognostic factor for OS by multivariate analysis.

Based on the results of the GOG 240 study, the com-
bination of bevacizumab with chemotherapy has become
the standard treatment for advanced or recurrent cervical
cancer. However, a biomarker that predicts the sensitivity
of the tumor to bevacizumab has not yet been identified
in patients with cervical cancer. Besides the well-known
adverse events of bevacizumab (e.g., thrombosis and gas-
trointestinal perforation), vaginal fistula is characteristic
and an irreversible adverse event in patients with cervi-
cal cancer, especially after radiotherapy [9]. Thus, it is
important to select patients who would benefit from beva-
cizumab from the perspective of the economy and patient
quality of life.

Regarding VEGF/VEGFRSs in blood samples, predictive
value of baseline plasma VEGF-A levels in patients with
gastric cancer and non-small-cell lung cancer was reported
[19, 20]. Because the present study did not include patients
treated with bevacizumab, we could not know whether
serum VEGF-A and VEGFR-2 are predictive biomarkers
for the efficacy of bevacizumab. The sample size and study
design are also limitations of our study. A larger sample
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size and a prospective design may provide more reliable or
conclusive evidence.

We showed that both a high level of serum VEGF-A and
serum VEGFR-2 predict significantly worse OS and that
these are independent prognostic factors for OS in patients
with early stage invasive cervical cancer. These results imply
that serum VEGF-A and serum VEGFR-2 are potential prog-
nostic biomarkers for cervical cancer. Further studies to vali-
date the data and to determine an appropriate cut-off value
are needed. In addition, the hypothesis that serum VEGF-A
and serum VEGFR-2 are predictive biomarkers for bevaci-
zumab should be tested by collecting samples from patients
treated with the agent.
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