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Angiogenesis is essential for growth and metastasis of solid malignancies. In several tumours, tumour

vessel count and expression of vascular endothelial growth factor (VEGF), a potent angiogenic factor,

have been associated with prognosis. To determine if vessel count and VEGF expression are prog-

nostic factors in pancreatic cancer, we examined these parameters in resected tumour specimens

from 22 patients who did not receive pre-operative therapy. ParaYn-embedded tumour specimens

were immunohistochemically stained for factor VIII (surrogate for vessels) and VEGF. Vessel counts

and VEGF expression were evaluated without knowledge of patient outcome. The median follow-up

for the entire group had not been reached as of 23.1 months (range 10±69 months). The mean vessel

count and VEGF expression were no diVerent between those patients who had recurrences and those

who did not. By linear regression analysis, the correlation of VEGF expression with vessel count did

not reach statistical signi®cance (P = 0.0685). Survival and time to recurrence were similar in patients

with high and low vessel counts and VEGF expression of 1, 2 or 3. Tumour diVerentiation or lymph

node positivity had no eVect on either VEGF expression or vessel count. Our data suggest that, in

contrast to ®ndings in other solid malignancies, vessel count and VEGF expression are not predictors

of survival or recurrence in patients with resectable adenocarcinoma of the pancreas. # 1998 Elsevier

Science Ltd. All rights reserved.

Key words: pancreatic cancer, angiogenesis, metastasis, vascular endothelial growth factor, recur-

rence

Eur J Cancer, Vol. 34, No. 3, pp. 337±340, 1998

INTRODUCTION

Recent advances in the multimodality management of local-

ised, potentially resectable pancreatic cancers have altered

patterns of treatment failure, with a signi®cant decrease in

local-regional tumour recurrence [1]. However, this has

translated into only a modest improvement in survival dura-

tion because the majority of patients develop liver metastases

[1, 2].

Angiogenesis is essential for tumour growth and metastasis

[3]. Increased vascularity may allow both an increase in

tumour growth and a greater chance for haematogenous

metastases [4]. Weidner and colleagues [5] showed a corre-

lation between the incidence of metastases and the number of

microvessels in invasive breast carcinomas. Similar studies

have con®rmed this ®nding in other malignancies, including

melanoma and cancer of the lung [6], prostate [7], cervix [8]

and colon [9].

Angiogenesis is not a passive process: it is driven by the

production of tumour and/or host derived angiogenic factors

[3]. One such factor is vascular endothelial growth factor

(VEGF), a very potent and selective endothelial cell mitogen.

VEGF has been shown to be associated with tumour pro-

gression and metastasis in other gastrointestinal malignancies

[9, 10]. The following investigation was therefore carried out

(1) to determine if vessel density and VEGF expression are

useful prognostic markers in human pancreatic cancer; and

(2) to determine if an association exists between VEGF

expression and vessel counts in pancreatic adenocarcinomas.

PATIENTS AND METHODS

Patients

From 1990 to 1995, 85 patients at our institution under-

went pancreaticoduodenectomy for adenocarcinoma of the
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pancreatic head. 22 of these patients underwent pancreatic

resection prior to receiving either radiation or chemotherapy.

Patients did not receive neoadjuvant therapy if a tissue

diagnosis could not be obtained prior to treatment. Surgical

specimens from these patients, con®rmed as having adeno-

carcinoma of pancreatic origin, were examined in this report.

Patient data, including pathological data (except for VEGF

expression and vessel counts), were entered into a database at

the time of treatment.

Immunohistochemical staining

Consecutive 4 mm sections were cut from each paraYn-

embedded study block. Sections were immunostained for

VEGF and factor VIII (speci®c for endothelial cells). Immu-

nohistochemical staining was performed by the immunoper-

oxidase technique following predigestion and trypsinisation.

Antibodies used were a rabbit polyclonal antibody (Santa

Cruz Biotechnology, Santa Cruz, California, U.S.A.) at a

1:200 dilution for VEGF and a rabbit polyclonal antibody

(Dako Co., Carpinteria, California, U.S.A.) at a 1:250 dilu-

tion for factor VIII. To determine the speci®city of the anti-

body, we tested the antibody against two proteins known to

have signi®cant homology: placenta growth factor (> 50%

homology) and platelet derived growth factor (approximately

20% homology). By Western blot analysis, the antibody for

VEGF detected only VEGF and there was no cross-reactivity

with placenta growth factor or platelet derived growth factor

(data not shown) [10].

For positive controls, tissue from a colon cancer known to

express VEGF was stained for VEGF, and umbilical vein tis-

sue was stained for factor VIII. Negative controls were per-

formed using non-speci®c IgG as the primary antibody.

Evaluation of vessel count and VEGF expression

Vessel count and VEGF expression were evaluated by one

investigator (YT) without knowledge of patient outcome.

Vessel count was assessed by light microscopy in areas of the

tumour containing the highest numbers of capillaries and

small venules at the invasive edge. The highly vascular areas

were identi®ed by scanning tumour sections at low power

(40� and 100�). After the area of highest neovascularisation

was identi®ed, a vessel count was performed on a 200� ®eld

(20� objective and 10� ocular, 0.739 mm2 per ®eld). As

Weidner and colleagues described [5], vessel lumens were not

necessary for a structure to be de®ned as a vessel.

The intensity of staining for VEGF was evaluated in

tumour epithelium. The area of the tumour with the highest

staining intensity was graded on a scale of 0±3, with 0 repre-

senting no detectable stain and 3+ representing the strongest

stain. This method of evaluation has previously been vali-

dated in other studies in our laboratory [10].

Statistical analysis

DiVerences in vessel count and in mean intensity of

VEGF staining among groups were analysed by Student's

t-test. DiVerences in vessel counts between tumours with

varying levels of VEGF expression were examined by

ANOVA. The correlation between vessel count and VEGF

expression was carried out using linear regression analysis.

The above statistical analyses were performed using InStat

statistical software (GraphPad Software, San Diego, Cali-

fornia, U.S.A.). Survival data were evaluated by log-rank test

using Statistica software (StatSoft, Tulsa, Oklahoma,

U.S.A.). All diVerences were deemed signi®cant at the 95%

con®dence interval.

RESULTS

Follow-up

Patient follow-up for all patients ranged from 10±69

months (median not yet reached at 23.1 months). The mini-

mum follow-up for the patients who did not have recurrences

was 17 months. 11 of 22 patients had recurrences within the

study period. The median survival in the patients who had

recurrences was 15 months. 16 patients received post-

operative chemotherapy and radiation therapy (9 who had

had recurrences and 7 who had not). Prolonged recovery or

refusal of therapy was the reason why patients did not receive

postoperative therapy.

Vessel count and recurrence

The mean vessel count (per 0.739 mm2) for the entire

group was 44.9 � 5.6 (SEM). The mean vessel count in the

tumour specimens of patients who suVered a recurrence was

40.4 � 8.8, which was not statistically signi®cantly diVerent

from that in patients who remained disease free (49.5 � 7.0;

P = 0.4284).

VEGF expression and recurrence

VEGF immunoreactivity was present in all the tumours

studied. The mean VEGF expression for the entire group was

2.1 � 0.2. The mean VEGF expression in the tumour speci-

mens of patients who had recurrences was 2.4 � 0.2. The

mean VEGF expression in the subgroup who developed liver

metastasis was 2.5 � 0.3. The mean VEGF expression in the

patients who did not have recurrences was 1.8 � 0.2, which

was not statistically signi®cantly diVerent from that in the

group of patients who experienced recurrences ((P = 0.1330),

Mann±Whitney U test).

Vessel count, VEGF expression and survival

Figure 1 demonstrates survival of patients with relatively

high and low pancreatic cancer vessel counts. The breakpoint

of 41 vessels / 0.739 mm2 was utilised to delineate high and

Figure 1. Survival of patients as a function of relatively high
and low pancreatic tumour microvessel density (count)
(MVD). Patients with a high MVD had a survival similar to

that of patients with a low MVD (P = 0.1296).
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low vessel counts, as this was the median vessel count for the

entire group of patients. Patients with a high vessel count had

a survival rate and duration similar to that of patients with a

low vessel count (P = 0.1296). Figure 2 demonstrates survival

of patients with pancreatic tumour VEGF expression of 1, 2

or 3. VEGF expression did not impact on survival of patients

with pancreatic cancer (P = 0.5757).

VEGF expression and vessel counts

The mean tumour vessel counts for the patients with

VEGF expression of 1+, 2+ and 3+ were 34.0 � 6.5,

39.3 � 6.4 and 58.8 � 12.2, respectively. By ANOVA, these

values were not signi®cantly diVerent (P = 0.1623). By linear

regression analysis, VEGF did not correlate with vessel

count, although this relationship approached statistical sig-

ni®cance (P = 0.1317) (Figure 3).

VEGF expression, vessel counts and other pathological factors

Tumour diVerentiation (well, moderate or poor) or lymph

node positivity had no eVect on either VEGF expression or

vessel count (P > 0.05). Likewise, there was no correlation

between vessel count or VEGF expression and tumour size.

DISCUSSION

Angiogenesis is essential for tumour progression and

metastasis. Studies of angiogenic indices in several solid

malignancies have clearly demonstrated that vessel count may

provide a means of predicting distant recurrence. In vitro and

in vivo experimental studies have also demonstrated that

increased angiogenesis secondary to an increase in angiogenic

factor expression increases primary tumour growth and

metastasis formation. Conversely, mechanisms that down-

regulate angiogenic factor expression, and in turn tumour

neovascularisation, decrease primary and metastatic tumour

growth [11, 12]. The factor most commonly associated with

tumour angiogenesis is VEGF. In human colon, lung and

breast cancers, the expression of a high level of this factor has

been associated with increased vessel counts in resected

tumour specimens [9, 13, 14].

Pancreatic adenocarcinoma is an aggressive disease charac-

terised by a high frequency of local recurrence and distant

metastasis. Therefore, we examined whether vessel count or

VEGF expression could be used to predict tumour recur-

rence and patient survival. In addition, we sought to deter-

mine if an association exists between VEGF expression and

vessel count in pancreatic cancer. In the patients studied, we

found that neither vessel count nor VEGF expression pre-

dicted survival. There was a trend towards an association

between VEGF expression and vessel count, but this did not

reach statistical signi®cance. However, this lack of correlation

could be due to the small size of the patient population. Our

®ndings are generally in agreement with those of Itakura and

colleagues [15], who found that VEGF was detectable in all

pancreatic carcinoma cell lines studied. VEGF mRNA

expression in the cancer tissue was 4.3 times higher than in

normal pancreas tissue and 64% of the cancers were immu-

noreactive for VEGF. However, as in our study, VEGF

mRNA expression did not correlate with survival [15]. It is

unlikely that any one factor is the causal angiogenic agent for

any tumour type. It is more likely that each tumour has a

speci®c angiogenic index, with a unique pro®le of endogen-

ous angiogenic and anti-angiogenic agents. Thus, VEGF may

not be the dominant angiogenic factor in pancreatic cancer as

it appears to be in colon cancer [9].

Several recent studies have questioned the previously held

belief that vessel count accurately predicts metastasis forma-

tion [16, 17]. In pancreatic adenocarcinoma, we did not ®nd

vessel count or VEGF expression to be predictive of tumour

recurrence or patient survival. At least two possible explana-

tions exist for the failure of neovascularity and VEGF

expression to predict tumour recurrence in pancreatic cancer.

First, it is possible that the development of metastases is less

angiogenesis dependent in some tumour types. For example,

we have shown that in intestinal-type gastric cancer (which is

often associated with large liver metastases), vessel counts

correlate with stage of disease and metastasis formation

[10, 18]. In contrast, vessel counts in diVuse-type gastric

cancer (which is most commonly associated with multiple

Figure 2. Survival of patients as a function of pancreatic can-
cer VEGF expression (levels 1, 2 and 3). Expression of VEGF
in pancreatic carcinoma had no impact on survival

(P = 0.5757).

Figure 3. Vessel count as a function of VEGF expression.
There was no statistical correlation between vessel count and
VEGF expression in pancreatic cancer (P = 0.1317, Spearman

R = 0.3315).
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small peritoneal metastases) do not correlate with metastasis

formation, and vessel counts in diVuse-type gastric cancer are

lower than those in intestinal-type gastric cancer. These

®ndings suggest that diVuse-type gastric adenocarcinoma

may not require a high degree of angiogenesis for tumour

dissemination. Such may also be the case with pancreatic

adenocarcinoma. Pancreatic cancer recurrences may be local-

regional, distant or both; and pancreatic cancer metastases

are usually multiple and small, possibly because of relatively

low angiogenic activity, especially when compared with other

metastatic tumours, such as hepatic metastases from colo-

rectal cancer.

A second possible explanation is that angiogenesis is but

one step in the multistep process of metastasis formation

[19, 20]. Therefore, a high degree of neovascularity and high

expression of angiogenic factors may be necessary, but not

suYcient to produce metastasis. For example, if a primary

tumour has a high angiogenic index and yet does not express

other factors necessary for metastasis formation (i.e. adhe-

sion/cohesion molecules, motility factors, growth factor

receptors, etc.) then metastasis will not occur [3, 18]. In

such a case, a multiparametric study may be necessary to

determine which combination of factors must be expressed

at high levels to predict early distant metastases [21, 22]. In

contrast, certain tumours may possess large populations of

cells that express high levels of factors that regulate the other

steps in the metastatic cascade and thus the threshold for the

angiogenic activity necessary to facilitate metastasis may be

lower.

The lack of correlation of vessel count and VEGF expres-

sion with prognosis does not abrogate the need to investigate

anti-angiogenic therapies in patients with pancreatic cancer.

Anti-angiogenic therapies may be most eVective when used

as adjuvant therapies in patients presumed to have a very

small volume of disease to prevent conversion to an angio-

genic phenotype. Anti-angiogenic therapies are unlikely to

have an impact on patients with large-volume metastatic

disease. Inhibiting the growth of micrometastatic disease

with long-term anti-angiogenic therapy represents a logical

strategy for solid tumours refractory to current systemic

therapies. Anti-angiogenic agents are currently being used

both before and after surgery in patients with localised pan-

creatic cancer as part of an investigational pilot study at our

institution.
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