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Abstract

VEGF-A is the most significant circulating factor that regulates angiogenesis. Several studies have demonstrated the predictive
and prognostic role of VEGF-A levels in various cancer types treated with anti-angiogenic agents. However, there are still no available
predictors of clinical response in these patients and the effect of factors not related to treatment or disease on VEGF-A is not clarified
in cancer patients treated with anti-angiogenic agents. Studies in healthy volunteers have shown that age and gender do not affect
VEGF-A levels. The aim of the present study was to investigate the effect of age and gender on the levels of VEGF-A in cancer patients
receiving bevacizumab-based treatment for mCRC in combination with chemotherapy. 27 patients treated with bevacizumab-based
chemotherapy were included in this study. Pre- and post-dose concentrations of free VEGF-A were measured in serum during several
cycles of treatment. A commercially available ELISA kit was used for measurement of the levels. Statistical analysis was performed
with Spearman rank order. 67% of the patients were males and 33% females; the mean age was 67 years (31 - 84). In total 76 samples
were analyzed. Mean free VEGF-A levels pre-dose were 302.5 ng/L (63.3 - 822.6) and mean free VEGF-A levels post-dose were 92.2
ng/L (4.3 - 217.3). Age and gender were not correlated significantly with neither pre-dose (p = 0.62 and p = 0.48, respectively) nor
post-dose (p = 0.99 and p = 0.58, respectively) levels. Therefore, our results indicate that the further evaluation of VEGF-A as bio-

markers inpatients with colorectal cancer receiving bevacizumab is warranted as it is related with demographic factors.
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Abbreviations

VEGF: Vascular Endothelial Growth Factor; FGF: Fibroblast Growth Factor; VEGFR: Vascular Endothelial Growth Factor Receptor; VEGF-
A: Vascular Endothelial Growth Factor A; VEGF-B: Vascular Endothelial Growth Factor B; VEGF-C: Vascular Endothelial Growth Factor
C; VEGF-D: Vascular Endothelial Growth Factor D; VEGF-E: Vascular Endothelial Growth Factor E; PLGF/PIGF: Placental growth factor;
PDGF: Platelet-Derived Growth Factor; CRC: Colorectal Cancer; CEA: Carcinoembryonic Antigen; mCRC: Metastatic Colorectal Cancer; PFS:
Progression Free Survival; OS: Overall Survival; ELISA: Enzyme-linked Immunosorbent Assay; OD: Optical Density; VCAM: Vascular Cell
Adhesion Molecules; ICAM: Intracellular Adhesion Molecule; bFGF: Basic Fibroblast Growth Factor; NSCLC: Non-Small-Cell Lung Carci-
noma; BC: Breast Cancer

Introduction

In 1971 Judah Folkman described first the process of angiogenesis and its contribution to tumor growth [1]. Since then angiogenesis

pathway has been extensively studied. The dominant factor controlling angiogenesis is a glycoprotein called vascular endothelial growth
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factor (VEGF) [2-4]. The VEGF family includes 5 sub-types: VEGF-A, VEGF-B, VEGF-C, VEGF-D and placental growth factor (PIGF). VEGFs
bind with high affinity to receptors (VEGFR-1, VEGFR-2, and VEGFR-3) and promote angiogenic signals to vascular endothelium [3]. These
receptors are primarily expressed on endothelial cells and consist of seven immunoglobulin-like domains in their extracellular region,
one transmembrane domain and one intracellular tyrosine kinase domain [5]. VEGF-A is considered the major activator of angiogenesis.
It acts selectively on vascular endothelial cells, stimulating both normal and abnormal angiogenesis. More specifically, it directly induces
endothelial mitogenesis, promotes endothelial survival, increases vascular permeability [6] and the expression of tissue plasminogen
activator, urokinase plasminogen activator, collagenases and matrix metalloproteinases [7,8]. VEGF-A binds to VEGFR-1 and VEGFR-2,
though the VEGF-A/VEGFR-2 pathway is considered the major activator of angiogenesis [9,10], whereas binding to VEGFR-1 results in the
sequestration of VEGF-A [11]. As far as the other VEGF family members are concerned, PIGF is thought to promote angiogenesis domi-

nantly in pathologic conditions [11,12].

Several studies have also investigated and detected the prognostic and predictive significance of VEGF-A and VEGFR in colorectal
[13,14], lung [15,16], gastric [17] and pancreatic cancers [18]. Thus, angiogenesis and especially VEGF-A have become attractive pharma-
cologic targets.

The fist-approved agent against VEGF-A is bevacizumab; a recombinant humanized (93% human, 7% murine) IgG1 monoclonal anti-
body. It has been approved as monotherapy or in combination with chemotherapy and in various dosage regimens for the treatment of
metastatic colorectal cancer (mCRC), metastatic breast cancer (mBC), unresectable advanced, metastatic or recurrent non-small cell lung
cancer (NSCLC), advanced or metastatic renal cell cancer, advanced ovarian and cervical cancers and as a single for advanced, recurrent
glioblastoma [19]. The mechanism of action of bevacizumab includes binding to circulating VEGF-A and the blocking of VEGF-A binding
to its receptors (VEGFR-1 and VEGFR-2) on the surface of endothelial cells, which results in the inhibition of tumor angiogenesis, growth,

and metastases [20].

It is known that there is no significant effect of age or gender on levels of VEGF-A in healthy volunteers [21]. However, the effect of age
and gender is not clear in cancer patients and especially in patients receiving anti-VEGF treatment. Given the prognostic and predictive
significance of VEGF-A levels in cancer the aim of the present study was to investigate the effect of age and gender on the levels of VEGF-A

in cancer patients receiving bevacizumab-based treatment for mCRC in combination with fluoropyrimidines-containing chemotherapy.

Materials and Methods
Patients

27 patients with mCRC, who were treated at University Hospital of Patras, Greece in 2016 were enrolled in the study. Patients were 18
years of age or older, had histopathologically confirmed mCRC and received bevacizumab-based treatment in combination with chemo-
therapy. Bevacizumab (Avastin®, Roche Registration Ltd.) was administered as an intravenous infusion at a dose of 5 mg/kg once every
2 weeks or at a dose of 7.5 mg/kg once every 3 weeks. The study was conducted in accordance with the Declaration of Helsinki and the
International Conference on Harmonisation (ICH) Good Clinical Practice. Approval was obtained by the Hospital’s Ethics Committee. Prior

to study enrolment, all patients provided signed informed consent.

Samples

Pre- and post-dose (after the end of infusion) concentrations of free VEGF-A (unbound to bevacizumab) were measured in serum
during several cycles of treatment after cycle 1. Two blood samples (one pre-dose and one post-dose) were drawn. Blood samples were
collected in serum separator tubes and were allowed to clot for 30 minutes. After centrifugation at 1000xg for 20 minutes, the serum was

removed and stored in aliquots at <-20°C until analysis.

Measurement of free VEGF-A

A commercially available ELISA kit (Quantikine® human VEGF, R&D Systems® Europe) was used for measurement of the levels. The
detection limit of the assay was 9 ng/L, and the precision was 6.7% (CV%) [22]. Optical density was measured at 450 nm with a correction

at 550 nm using an ELISA plate reader (ELx800™, BioTek Instruments). All standards’ and samples’ readings were performed in duplicate.
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Finally, a standard curve was generated with VEGF-A concentrations ranging from 31.2 to 2000 ng/L. The best fit line was determined by

regression analysis using OriginPro 8.0 software (OriginLab® Corporation).

Statistics

Statistical analysis was performed with Spearman rank order on SPSS version 24 (IBM® SPSS® Statistics).

Results and Discussion

Of the 27 patients enrolled 67% were males and 33% females, the mean age of the study population was 67 years (31 - 84). In total 76
samples (38 pre-dose and 38-post-dose) were collected and analyzed. For the study population mean free VEGF-A levels pre-dose were
302.5 ng/L (63.3 - 822.6) and mean free VEGF-A levels post-dose were 92.2 ng/L (4.3 - 217.3) (Table 1).

Frequency (%)
Sex
Female 33%
Male 67%
Age (years)
<55 31%
55-65 19%
> 65 50%

Table 1: Baseline patient characteristics.

Gender did not appear to influence significant free VEGF-A levels before or after the administration of bevacizumab. More specifi-
cally, mean free VEGF-A levels pre-dose in male patients were 295.9 ng/L (63.3 - 524.8) and in female patients 267.8 ng/L (95.8 - 822.6).
Although levels in female patients pre-dose were approximately 10% lower this difference was not statistically significant (p = 0.6272).
Post-dose free VEGF-A levels were very similar for male and female patients 106.1 ng/L (4.3 - 207.4) and 106 ng/L (7.7 - 217.3) respec-
tively (p = 0.9994) (Table 2).

Pre-dose VEGF-A levels (ng/L)
295.9 (63.3-524.8)
267.8 (95.8 - 822.6)

Post-dose VEGF-A levels (ng/L)
106.1 (4.3 -207.4)
106 (7.7 - 217.3)

Males

Females

Table 2: Free VEGF-A levels per gender.

In order to study the effect of age on free VEGF-A levels in our population, patient were divided in two groups based on their age (< 65
vs. 2 65 years). Pre-dose levels were higher in younger patient (<65 years) 330.7 ng/L (120.2 - 767.2) compared to older patients (= 65
years) 277.2 ng/L (63.3 - 822.6). However, this difference was not considered as statistically significant (p = 0.4753). No significant differ-
ence was noted in post-dose levels of free VEGF-A (p = 0.5818). Levels were quite similar between the two groups 103.5 ng/L (4.3 - 217.3)
and 114.4 ng/L (18.5 - 176.1) in younger and older patients respectively (Table 3).

Pre-dose VEGF-A levels (ng/L)

Post-dose VEGF-A levels (ng/L)

Age < 65 years

330.7 (102.2 - 767.2)

103.5 (4.3 - 217.3)

Age = 65 years

277.2 (63.3 - 822.6)

114.4 (18.5 - 176.1)

Table 3: Free VEGF-A levels per age group.

Our results indicate that age and gender are not significant factors that may affect the levels of free VEGF-A in patients with cancer,

who are receiving active anti-angiogenic treatment. Larsson A, et al. have reported similar results in 80 healthy blood donors [21]. Our
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findings are even more important in the era of personalized medicine, as it is indicated that any prognostic or predictive significance of

VEGF-A levels is not biased by other factors such as age and gender.

Indeed, research for biomarkers of angiogenesis and anti-angiogenesis and their successful use in the optimization of angiogenesis

inhibition therapy is an ongoing challenge. Several studies have revealed the significant role of VEGF levels in various cancer types.

In 2008 Burstein HJ., et al. sought to determine the efficacy and safety of bevacizumab and vinorelbine in 56 women with mBC and to
explore the role of baseline plasma VEGF as a predictor of treatment outcome. Median VEGF levels were 32.6 pg/ml with broad distri-
bution (range < 12.5 - > 4445 pg/ml). They tend to be higher in estrogen receptor-positive disease, age > 50 years, bone metastases, or
more than one disease site while they were lower in patients with liver metastases or with prior chemotherapy. Levels > 32.6 pg/ml were
significantly associated with a shorter time to progression and no instance of extended tumor control compared to levels < 32.6 pg/ml
(p =0.003) [23]. During the E4599 phase II/III study, 878 NSCLC patients were randomized to receive carboplatin and paclitaxel with or
without bevacizumab. Based on the fact that VEGF, basic fibroblast growth factor (bFGF), soluble intracellular adhesion molecule (ICAM)
and E-selectin were increased in several tumors, researchers performed a prospective biomarker assessment and their correlation to
treatment outcomes. Plasma levels were measured before cycle 1 and after cycle 2. Patients with high baseline VEGF levels (> 35.7 pg/
ml) had increased probability of a response if bevacizumab was added to their treatment regimen (33% vs. 7.7%, p = 0.01). In patients
with baseline VEGF < 35.7 pg/ml, the response was similar, 28.6% and 29% for bevacizumab/chemotherapy and chemotherapy only arm
respectively. Low VEGF levels were also significantly associated with progression-free survival (PFS) (6 vs. 4.5 months, p = 0.04). While
VEGF was predictive of response, low ICAM levels (< 260.5 ng/ml) were prognostic for survival (p = 0.00005) and predictive of response
to treatment (32% vs. 14%, p = 0.02) and 1-year survival (65% vs. 25%) [24]. Sathornsumetee S., et al. used tumor specimens collected
at diagnosis from 45 patients (27 glioblastoma multiforme and 18 anaplastic astrocytoma), who were treated with bevacizumab and
irinotecan. They retrospectively evaluated tumor vascularity and expression of components of VEGF pathway and hypoxic response as
predictive markers for radiographic response and survival in Tumor expression of VEGF, VEGFR-2, CD31 hypoxia-inducible cardonic an-
hydrase 9 (CA9) and hypoxia-inducible factor-2a (HIF-2a) were semi quantitatively assessed by immunohistochemistry (IHC). High VEGF
expression (mean positive area > 5000 pixels/x400 field) was associated with increased likelihood of radiographic response (p = 0.024).
Moreover, high CA9 expression (mean positive area>10000 pixels/high-powered field) was associated with poor 1-year survival after ini-
tiation of bevacizumab treatment (37 vs. 74 weeks, p = 0.02). Similarly, a trend was observed between HIF-2a expression and poor 1-year
survival (p = 0.07). No significant differences in radiographic response or survival were reported for VEGFR-2 and CD31 (p > 0.1) [25].
During another phase II trial assessing efficacy and safety of bevacizumab and cisplatin, etoposide combination in 63 patients with ex-
tensive stage small-cell lung cancer, correlative studies were performed in order to explore any potential relationship between treatment
outcome and plasma levels of VEGF, soluble vascular cell adhesion molecules (VCAM), ICAM, E-selectin and bFGF. Blood samples collected
before cycle 1 and after completion of cycle 2. High baseline VCAM levels predicted survival as they were associated with higher risk of
progression (p = 0.05) and death (p = 0.01) compared to low levels. High bFGF and ICAM levels also showed a trend toward higher risk of
death (p = 0.06 both). The response was not associated significantly with baseline VEGF (p = 0.43) or any other biomarker [26]. Another
group assessed several biomarkers at baseline, 3 and 12 days after a dose of bevacizumab monotherapy, 32 days after initiation of neoad-
juvant bevacizumab, fluorouracil and radiotherapy and 1 week before surgery (8 to 9 weeks after completion of preoperative treatment).
Notably, patients who experienced greater than 2-fold increases in plasma PIGF after bevacizumab monotherapy had a minimal disease at
surgery (p < 0.05). Furthermore, bevacizumab alone or in combination with chemoradiotherapy increased plasma PIGF, VEGF and soluble
VEGFR (p < 0.0001). Thus, the researchers concluded that mainly PIGF and VEGF might serve as generic pharmacodynamics biomarkers
for anti-VEGF therapy as the chemoradiotherapy alone did not seem to change VEGF or PIGF [27]. In the AVF2119g trial were enrolled 462
patients with mBC treated with capecitabine or capecitabine plus bevacizumab, 223 of them received bevacizumab and their primary tis-
sue samples were available for analysis. The panel of the examined biomarkers included VEGF-A, VEGF-B, THBS-2, Flt4, VEGF-C, PDGF-C,
neuropilin-1, delta-like ligand D114, Bv8, p53, and thymidine phosphorylase. Of them, only VEGF-A expression showed a prognostic sig-
nificance (p = 0.01) for improved PFS when bevacizumab was added [28]. In a large retrospective study 1254 (713 received bevacizumab)
plasma samples from mCRC patients who were enrolled in phase IIl HORIZON II (FOLFIRINOX plus cediranib or placebo) and HORIZON III
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(mFOLFOX6 plus cediranib or bevacizumab) were evaluated for baseline levels of VEGF, soluble VEGFR-2 and carcinoembryonic antigen
(CEA). In both studies, high baseline VEGF (> 98 pg/ml) and CEA levels were associated with worse outcomes in terms of both PFS and
overall survival (OS) independent of treatment. In addition, sSVEGFR-2 was not prognostic for PFS or OS, but in HORIZON III that included
patients with bevacizumab, the subgroup of high sVEGFR-2 had slightly increased median PFS and OS compared with the low (10.4 vs. 9.6
months PFS, 22.6 vs. 21.4 months 0S) [29]. ABIGAIL was a phase 1], open-label, randomized, international and multicenter study, which
investigated the correlation between biomarkers (VEGF-A, VEGFR-1, VEGFR-2, bFGF, E-selectin, [CAM-1, PIGF) in plasma samples at base-
line and through treatment with response to bevacizumab. 303 chemo naive NSCLC patients were randomized to receive bevacizumab 7.5
mg/kg (154 patients) or 15 mg/kg (149) in combination with chemotherapy (carboplatin and gemcitabine or carboplatin and paclitaxel).
Primary specimen tumor samples were also analyzed for VEGF-A, VEGFR-1, VEGFR-2, bFGF, E-selectin, PIGF, neuropilin (NRP), ICAM-1
and CD31. Baseline and dynamic changes in plasma levels of VEGFR-1, VEGFR-2, bFGF, E-selectin, ICAM-1 and PIGF did not correlate with
response to bevacizumab. However, low baseline plasma VEGF-A levels were correlated with longer PFS (7.4 vs. 6.1 months, p = 0.002)

and longer median OS (19.8 vs. 11.1 months, p = 0.004). As a result, authors reported that VEGF-A might be promising biomarker [30].

Conclusion

To sum up, there are enough data from various types of tumors to support the rationale for use of VEGF levels as prognostic or predic-
tive factors for the clinical outcomes of anti-angiogenic treatment. Our results support the correlation of VEGF-A only with treatment-or

disease-related factors and further research in the field is warranted.
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