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A b s t r a c t

Introduction: Vascular endothelial growth factor (VEGF) is overexpressed in 
pancreatic cancer. Although VEGF has been shown to be a probable marker 
for poor prognosis, the VEGF concentration in portal blood has not yet been 
clinically reported in pancreatic ductal adenocarcinoma (PDAC). The aim of 
the study was to measure VEGF-A  portal blood concentration in patients 
with PDAC and to evaluate its performance as a prognostic marker.
Material and methods: Thirty-six consecutive patients out of 57 operated 
on for pancreatic head lesion with pathologically verified diagnosis of PDAC 
were enrolled in this study. We evaluated the VEGF concentration in portal 
blood samples obtained intraoperatively and associated their values with 
tumor size, stage, grade and survival.
Results: The portal VEGF-A concentration was associated with tumor grade 
(G1: 80.52 ±43.05 vs. G2: 185.39 ±134.98, p = 0.006, G2: 185.39 ±134.98 
vs. G3: 356.46 ±229.12, p = 0.08), and there was a positive correlation with 
tumor size (r = 0.42, p < 0.05). In the multivariate regression analysis high 
levels of VEGF-A were not correlated with poor survival (HR = 5.22, 95% CI = 
–0.6457 to 3.9513, p = 0.19).
Conclusions: The portal VEGF-A  concentration is associated with tumor 
grade and size. The correlation of portal VEGF-A  with poor survival is not 
clear and needs further investigation.

Key words: pancreatic cancer, grade, surgery, vascular endothelial growth 
factor, vascular endothelial growth factor, survival.

Introduction

Pancreatic cancer is one of the most aggressive malignancies. Every 
year 34 000 new cases of pancreatic ductal adenocarcinoma (PDAC) are 
reported in the United States. Very high mortality, which is nearly equal 
to the incidence rate, makes PDAC the fourth most common cause of 
cancer-related deaths [1]. The probability that a patient with newly diag-
nosed PDAC will be suitable for pancreatic resection is 10–20%. The 5-year 
survival rate after surgery is not higher than 7–32% [2, 3]. Various pos-
sible prognostic markers have been studied so far, including tumor size, 
tumor stage, lymph node status as well as molecular tumor markers [4]  
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but only in peripheral blood or within the tumor 
mass. According to the literature this is the first 
study describing a prognostic factor in pancreat-
ic cancer in intraoperatively acquired portal blood 
samples.

Angiogenesis plays a crucial role in tumor de-
velopment. In order to grow bigger than 2–3 mm3 
a tumor requires an additional network of blood 
vessels [5]. 

Vascular endothelial growth factor (VEGF) has 
been shown to be the major mediator in phys-
iological and pathological angiogenesis [6]. The 
VEGF belongs to the platelet-derived growth 
factor supergene family (PDGF/VEGF). The VEGF 
family consists of at least 8 members: VEGF-A, 
VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, viral  
orf-VEGF and placental growth factor (PlGF) [7].  
The most important role in the growth and 
maintenance of vessels from endothelial cells 
is played by the gene for VEGF-A. As the result 
of alternative splicing at least 7 different iso-
forms containing 121, 145, 148, 165, 183, 189, 
206 amino acids have been identified so far. The 
dominant subtype of VEGF-A is VEGF-A165 accord-
ing to biological activity as well as amount [8]. 
The overexpression of VEGF-A, VEGF-B, VEGF-C, 
VEGF-D in patients with pancreatic cancer has 
been proved [9, 10]. Although VEGF has been 
shown to be a probable marker for poor progno-
sis in various tumors, as well as in PDAC [11–13], 
the results of some studies are controversial. The 
VEGF-A concentration in portal blood has not yet 
been clinically reported in pancreatic cancer. It 
is highly probable that levels of tumor produced 
markers could be higher in the portal vein. Por-
tal blood samples are less prone to the effect of 
systemic blood dilution and inactivation of some 
markers in the liver.

Material and methods

There were 57 patients admitted to the Depart-
ment of General and Transplant Surgery of Medi-
cal University of Lodz for the surgical treatment of 
newly diagnosed tumor in the pancreatic head or 
periampullary area. Patients who were diagnosed 
with pathology other than PDAC or were receiv-
ing drugs that could alter VEGF-A165 measurement 
for less than 7 days before surgery, such as an-
tiplatelet drugs or corticosteroids, were excluded 
from the study. Finally we enrolled 36 consecutive 
patients (20 males and 16 females, aged 48–76 
years, mean 60.8 years) to this study. None of the 
patients received adjuvant chemoradiotherapy. 
All the patients underwent surgery – 22 standard  
pancreaticoduodenectomies, 12 double bypass pro- 
 cedures and 2 gastroenterostomies were performed. 
In cases of nonresectable tumor, a  pathologic-
al specimen (fine needle biopsy) was obtained 
during surgery (Tables I and II).

Following laparotomy and dissection of the 
hepatoduodenal ligament, the portal vein was 
identified and sampled. All samples were collected 
within 45 min from the skin incision. A blood sam-
ple of 9 ml (EDTA) was obtained and centrifuged 
immediately at 3000 rpm for 15 min at 4°C. Plas-
ma was stored at –80°C until the day of analysis. 
The VEGF-A165 levels were determined using ELISA 
(R&D Systems Inc., Minneapolis, MN), according 
to the manufacturer’s instructions. The detection 
limit for human VEGF-A165 was 8 pg/ml. All mea-
surements were performed in duplicate, and no 
significant differences were found. We evaluated 
the VEGF-A165 concentration in 36 intraoperatively 
obtained portal blood samples. 

All the patients have been followed up for a pe-
riod of 1–35 months. 

All excised tumors were evaluated with stan-
dard pathological examinations, in accordance 
with the World Health Organization (WHO) crite-
ria. In 31 out of 36 cases the grade of tumor was 
assessed in standard pathological diagnosis. The 
tumor size, stage and survival rate were also as-
sessed. The tumor size was calculated according 
to Hotz as tumor volume (V = length × depth × 
width/2) [14].

Table I. Cancer staging (according to the Interna-
tional Union Against Cancer) and differentiation in 
the study group

Variable Results

Total portal blood samples 36

Male 20 (56%)

Female 16 (44%)

Stage I 0 (0%)

Stage II 14 (38.9%)

Stage III 10 (28.7%)

Stage IV 11 (30.6%)

Grade 1 8 (26.7%)

Grade 2 18 (36%)

Grade 3 5 (13.9%)

Table II. Lymph nodes status and resection margins 
status in patients who underwent pancreaticoduo-
denectomy

Pancreaticoduodenectomy group Results

Positive lymph nodes 12/22 (55%)

Resection R0 16/22 (72%)

Resection R1 6/22 (27%)

Resection R2 0/22 (0%)
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This study was approved by the Bioethical 
Commission of the Medical University of Lodz. 

Statistical analysis

Continuous variables are presented as mean ± 
standard deviation and were compared using Stu-
dent’s t test and the Mann-Whitney U  test. Mul-
tivariate analysis (ANOVA) with the Tukey test for 
differences between subgroups was used for the 
analysis of continuous variables in more than two 
groups. The survival was assessed with Kaplan-Mei-
er survival curves. Survival rates for different groups 
were compared using the Gehan-Wilcoxon test for 
the Kaplan-Meier curve. Predictors for prognosis 
of the patients were assessed using Cox multiple 

hazards regression analysis. Correlations were per-
formed using a nonparametric (Spearman) correla-
tion analysis. Value of p < 0.05 was considered sta-
tistically significant. Statistical analysis was carried 
out using Statistica (StatSoft, Tulsa, USA).

Results

The median tumor volume was 4.5 cm3 (IQR: 
2–8.75 cm3). There was no association between 
the stage of the disease and portal VEGF-A165 con-
centration (T = 2 median: 158.4, IQR: 117.3–230.3). 

There was no correlation either between the 
portal VEGF-A165 level and age (log(VEGF-A165), R = 
–0.11, p = 0.43. The portal VEGF-A165 concentration 
was associated with tumor grade (G1: 80.52 ±43.05 
vs. G2: 185.39 ±134.98, p = 0.006, G2: 185.39 
±134.98 vs. G3: 356.46 ±229.12, p = 0.08) (Figure 1). 
In the multivariate regression analysis, high levels 
of VEGF-A165 were not associated with poor surviv-
al with statistical significance (HR = 5.22, 95% CI = 
–0.6457 to 3.9513, p = 0.16). 

The group of patients with higher than medi-
an VEGF-A165 level (150.51 ng/ml) probably has 
lower median survival than the group with low-
er VEGF-A165 level (p = 0.12) (Figure 2 A) but to 
achieve statistical significance a  larger group of 
patients is required. The VEGF-A165 level was also 
correlated with tumor size (positive correlation  
R = 0.42, p < 0.05).

Discussion

The VEGF plays a crucial role in tumor angiogen-
esis. In an autocrine and paracrine manner VEGF 
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Figure 1. Portal vein VEGF-A165 levels (log VEGF-A165) 
and grade of the tumor. P-level between: G1 vs. G2: 
p = 0.006; G2 vs. G3: p = 0.08; G1 vs. G3: p = 0.004
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Figure 2. Kaplan-Meier curves were performed to assess the patient survival. A – Patient survival curves depend-
ing on the portal concentration of VEGF-A165. Value 150.51 ng/ml is median concentration of VEGF-A165 in portal 
blood among all patients (p = 0.12). B – Patient survival curves depending on the tumor differentiation (grade). 
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stimulates epithelial cell proliferation and migra-
tion, and inhibits apoptosis in order to form new 
blood vessels. Pancreatic cancer cells stimulated 
by some extrinsic factors, mainly by hypoxia, pro-
duce VEGF. Expression of VEGF is regulated mainly 
by hypoxia inducible factor (HIF-1) signaling. The 
PDAC shows high levels of hypoxia; in these tu-
mors the level of HIF-1 expression is correlated 
with prognosis and with expression of VEGF [15, 
16]. The level of VEGF expression in PDAC patho-
logical specimens is associated with the presence 
of metastases to the lymph nodes and liver [17, 
18], grade and mean vascular density (MVD) [19] 
in tumor, although certain publications do not 
confirm it [20]. The serum VEGF/soluble VEGF-re-
ceptor 1 ratio is also an independent prognostic 
marker in pancreatic cancer patients [21]. 

According to the results of the European Study 
Group for Pancreatic Cancer (ESPAC), tumor grade 
is one of the independent prognostic factors. 
Pongprasobchai et al. claim that long-term surviv-
al in small (≤ 2 cm) pancreatic cancer depends on 
tumor differentiation, not the tumor size. Grade 
is the only independent factor predicting survival 
in small PDAC [22]. Some studies do not confirm 
tumor grading on the prognosis in PDAC [23]. This 
discrepancy in the literature may be explained by 
the subjective assessment of pathological speci-
mens, concerning the tumor differentiation. The 
problem lies in the lack of a universal system of 
assessment in cases of PDAC. Most pathologists 
seem to use a subjective approach, instead of the 
WHO system [24].

In our study, 31 out of 36 specimens were 
assessed according to the WHO criteria in stan-
dard pathological assessment in the Department 
of Pathology. Each sample was assessed by two 
experienced pathologists. In 22 out of 36 cases, 
the tumor was completely excised and examined, 
and in 14 cases the pathological examination was 
based on the intraoperative tumor biopsy or fine 
needle biopsy obtained preoperatively. Only 5 out 
of 22 resected tumors were smaller than 2 cm. 
None of the patients was in stage I of the disease. 
Therefore, our survival curves are biased by the 
nonhomogeneous group of mainly advanced tu-
mors. The role of early detection of an early staged 
PDAC is pivotal for the survival rate after tumor 
resection. However, the chances for resectability  
of PDAC at the time of detection are 10–20% [2, 3]  
and the probability that the tumor is at stage I are 
even lower. In our group there were no patients 
with stage I  of the disease. In 14 patients the 
tumors were so advanced that our strategy was 
focused on relieving symptoms associated with 
tumor compression of adjacent organs such as 
jaundice and/or gastric outlet obstruction and/or 
pain by performing surgical bypass procedures. 

In our study we found a  correlation between 
cancer grade and portal VEGF-A165 concentration. 
The VEGF-A165 concentration has a  linear cor-
relation with tumor differentiation. According to 
the ESPAC data, the tumor characteristics have 
the biggest impact on the prognosis in PDAC. In 
the multivariate regression analysis high levels 
of VEGF-A165 were not associated with poor sur-
vival (HR = 5.22, 95% CI = –0.6457 to 3.9513,  
p = 0.16). To achieve statistical significance, 
a  larger group of patients is required. We found 
no differences in survival rate associated with 
tumor grade (Figure 2 B). Most likely that was 
associated with the relatively small and non-ho-
mogeneous group of patients, at different stages 
of the disease. However, VEGF-A165 concentration 
may also be elevated by the surgical procedure it-
self, as one of the main VEGF sources is platelets 
[25, 26]. According to Belizon et al., the highest 
VEGF-A165 concentration was noted on the third 
day after the surgery. On the first post-operative 
day, the VEGF-A165 levels were increased signifi-
cantly in the group of open surgery and not in-
creased significantly in the groups of laparoscopic 
procedures. Also, the plasma VEGF-A165 concentra-
tion was correlated with the incision length [27]. 
There are no studies describing the VEGF concen-
tration changes during the surgical procedures. Al-
most all known studies describe the elevation of 
the VEGF level on the first to third postoperative 
day [27]. In our investigations we assumed that 
collecting the portal blood from the portal vein in 
the same step of the operations (within the first 
45 min after skin incision) does not alter the por-
tal VEGF-A165 concentration. We also measured 
the plasma VEGF-A165 level just before surgery, in 
the superior vena cava (sampled using the cen-
tral line) in a randomly selected subgroup of our 
patients (19 out of 36) and correlated the levels 
with those measured in the portal vein. There was 
a strong positive correlation (R = 0.9, p < 0.05) but 
those levels did not correlate with cancer grade, 
size and survival with statistical significance (full 
data not shown). Therefore, we could assume that 
there is very low probability that portal VEGF-A165 
levels are biased by the surgical trauma in our 
study. None of the patients qualified for the study 
were receiving any anti-platelet agents or steroids 
that could alter the VEGF-A165 measurements and 
of course clotting before surgery. Measuring the 
VEGF-A165 level in portal blood intraoperative-
ly could be a  safe and fast method of acquiring 
a  factor that is highly correlated with the grade 
of the tumor. According to other studies, tumor 
grade is associated with the prognostic survival 
rate. However, in our study, probably due to the 
relatively small group of patients, VEGF-A165 levels 
were not clearly associated with prognosis.
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In our department we advocate palliative pan-
creaticoduodenectomies in all suitable cases. Ac-
cording to Lillemoe et al. pancreaticoduodenec-
tomy performed as a  palliative procedure has 
resulted in improved survival compared to bypass 
procedures [28]. Bockhorn et al. confirmed that 
although palliative resection results in elevated 
perioperative morbidity in comparison with sur-
gical bypass, mortality is equal and survival is 
significantly prolonged [29]. The only contraindi-
cations for a radical procedure were: infiltration of 
the superior mesenteric artery, hepatic artery, ce-
liac trunk, metastatic disease and advanced age. 
Infiltration of the portal vein was not a contraindi-
cation for pancreatoduodenectomy in our depart-
ment. In 4 out of 22 patients pancreatoduodenec-
tomy was performed, despite infiltration of the 
portal vein which was partially resected. We did 
not observe portal vein thrombosis after surgery.

According to Garcea et al. better survival rates 
could be achieved by employing selective criteria 
on operability [30], which was also confirmed by 
Yamada et al. in the case of periaortic lymph node 
metastasis [31]. Therefore, identifying the group 
of patients with the best chances for long-term 
survival, i.e. the lowest tumor grade, is feasible 
during an operation and could alter the treatment 
plan, encouraging the most radical surgery de-
spite advanced tumor – palliative pancreatoduo-
denectomy. But that needs further investigations 
with long-term follow-up. 
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