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ARTICLE INFO ABSTRACT
Article history: Angiogenesis has been associated with disease progression in many solid tumours, how-
Available online 28 September 2011 ever the statement that tumours need angiogenesis to grow, invade and metastasise seems
no longer applicable to all tumours or to all tumour subtypes. Prognostic studies in pancre-
Keywords: atic cancer are conflicting. In fact, pancreatic cancer has been suggested an example of a
Pancreatic cancer tumour in which angiogenesis is less essential for tumour progression.
Angiogenesis The aim of the present study was therefore to measure angiogenesis in two anatomically
Microvessel density closely related however prognostically different types of pancreatic cancer, pancreatic head
CcD31 and periampullary cancer, and investigate its relation with outcome.
Immunohistochemistry Vessels were stained by CD31 on original paraffin embedded tissue from 206 patients
Prognosis with microscopic radical resection (R0) of pancreatic head (n = 98) or periampullary cancer

(n =108). Angiogenesis was quantified by microvessel density (MVD) and measured by com-
puterised image analysis of three randomly selected fields and investigated for associations
with recurrence free survival (RFS), cancer specific survival (CSS), overall survival (OS) and
conventional prognostic factors.

MVD was heterogeneous both between and within tumours. A higher MVD was observed
in periampullary cancers compared with pancreatic head cancers (p <.01). Furthermore,
MVD was associated with lymph node involvement in pancreatic head (p =.014), but not
in periampullary cancer (p =.55). Interestingly, MVD was not associated with RFS, CSS or
with OS.

In conclusion, angiogenesis is higher in periampullary cancer and although associated
with nodal involvement in pancreatic head cancer, pancreatic cancer prognosis seems
indeed angiogenesis independent.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction ease or distant metastasis, precluding them from resection.

And even following curative resection, recurrent disease re-
Pancreatic cancer has a highly invasive and metastatic poten- mains a major problem, almost half of the patients relapse
tial. Up to 80% of patients present with locally advanced dis- within the first year.! Several attempts have been made to im-
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prove outcome by adjuvant treatment regimens, however
with disappointing results.?

Disease progression through to the formation of metastasis
is a highly selective multi-step process, dependant on both tu-
mour characteristics and environmental factors. Angiogenesis
plays an important role in tumour growth and progression by
supplying necessary oxygen, growth factors and nutrients, as
well as by facilitating the dissemination of tumour cells.*>” In
an attempt to translate observations from experimental mod-
els to clinical practice, quantification of tumour vessels has
been performed and correlations with clinicopathological fac-
tors and outcome have been investigated. Irrespective of the
method used, the amount of tumour microvessels was associ-
ated with recurrent disease and poor survival in several pri-
mary tumours, including melanoma,?® breast,>'® lung
cancer,”®?? prostate,”® bladder,>* ovary,” colorectal carci-
noma,” hepatocellular carcinoma® and also in their meta-
static counterparts.?® However, not all studies identified a
negative relation with outcome,?*’ a study on colorectal can-
cer®® and one on node negative breast cancer® even suggested
abeneficial effect of a higher microvessel density on prognosis.
Quantification of tumour microvessels has also been per-
formed in some relatively small sized studies on pancreatic
cancer, however again results are conﬂictilrlg,‘“"48

Not all tumours need angiogenesis to grow, invade and
metastasise. Some tumours apply alternative mechanisms
such as co-option, mosaicism, vasculogenesis or intussescep-
tive vascular growth, to obtain blood vessels.*® Furthermore,
the role of angiogenesis as a prognostic marker cannot be gen-
eralised to all tumour types. Pancreatic cancer was opted an
example of a tumour type that is less dependent on angiogen-
esis for tumour progression. Even within a certain type of can-
cer, subtypes are not necessarily equally dependant on
angiogenesis for their growth and progression. Gastric cancer
is an example in which the process of growth and metastasis
of one subtype, diffuse type gastric cancer, is less angiogenesis
dependent than the other, intestinal type gastric cancer.”*>?

The aim of the present study was therefore to quantify tu-
mour angiogenesis in a large cohort of two anatomically clo-
sely related however prognostically distinct types of
pancreatic cancer, pancreatic head and periampullary cancer
and elucidate whether angiogenesis is a prognostic marker in
either of these types of pancreatic cancer.

2. Patients and methods

2.1. Patient population

Retrospectively 231 patients treated for pancreatic ade-
nocarcinoma with curative intent at Erasmus Medical Center
between 1987 and 2008, who had no microscopically residual
tumour (RO), were identified. Tumours were classified by loca-
tion, having its origin either in the pancreatic head or periam-
pullary region, the latter group comprising of tumours
originating in the Ampulla of Vater or the distal common bile
duct. Tumour samples originating before the new 2002 UICC
TNM classification were re-evaluated according to these
new criteria.

Representative tumour areas were encircled on original
haematoxylin/eosin slides by a GI pathologist with special

expertise in pancreatic pathology and staining was performed
on corresponding formalin fixed, paraffin embedded tissue.

During the above-mentioned period two randomised con-
trol studies were ongoing in our center. Between September
1987 and April 1995, 17 patients were randomised to the treat-
ment arm of the European Organisation for Research and
Treatment of Cancer (EORTC) 40891 trial, receiving two
courses of 5-FU as a continuous infusion (max 1500 mg/day)
followed by radiotherapy (20 Gy). From June 2000 up to its clo-
sure in March 2007, 32 patients were randomised to the treat-
ment arm of a trial combining intra-arterial chemotherapy
and radiotherapy. Patients received six cycles of intra-arterial
mitoxantrone (10 mg/m?), folinic acid (170 mg/m%day), 5-FU
(600 mg/m?/day) and cisplatinum (60 mg/m?), the first cycle
followed by radiotherapy (54 Gy). These trials and the results
have been described in detail elsewhere.®>>*

At the time of the present report, the median follow-up
duration was 19 months (range 0-192 months). Recurrence
free survival (RFS) was defined as the time from date of sur-
gery to the date of first proof of disease recurrence (locally,
distant or both) or to death without relapse. Overall survival
(OS) was computed as the number of months from resection
to death of any cause as registered by the social security
death index (SSDI). For cancer specific survival (CSS) patients
that died without recurrent disease were excluded. Patients
who died in hospital following procedure related complica-
tions were excluded from analysis with respect to survival
as their death was unrelated to tumour biology and would
have introduced a confounding influence on survival
analysis.

2.2.  CD31 expression by immunohistochemistry

Immunohistochemistry was performed according to the pro-
tocol used in clinical practice at our institution and was opti-
mised for CD31.

Briefly, 4 uM sections were deparaffinised in xylene and
rehydrated through decreasing ethanol series ending in dis-
tilled water. Antigen retrieval was performed by microwave
heating (20 min preheating followed by 20 min of cooking)
in Tris-ethylene diamine tetra-acetic acid (EDTA) buffer pH
9.0. Endogenous peroxidase activity was quenched using
0.3% hydrogen peroxide (H,O,) in PBS for 20 min. Sections
were incubated overnight at 4 °C with a ready to use mouse
monoclonal antibody to CD31 (JC70A, Dako Netherlands B.V.,
Heverlee, Belgium). Followed by incubation with the second-
ary antibody (Dako REAL Envision HRP Rabbit/Mouse) for
30 min at room temperature, immunostaining was developed
by immersion in diaminobenzidine. Slides were washed
extensively between each of the above steps. Nuclei were
counterstained with Harris Haematoxylin, followed by dehy-
dration, fixation and finally covered using Leica multistainer
and robotic coverslipper (ST5020 and CV 5030, Leica Microsys-
tems B.V,, Rijswijk, Netherlands). Positive and negative con-
trols were included in each run.

2.3.  Microvessel density (MVD) analysis

Tumour areas were examined with a Leica DM-RXA micro-
scope. Three random x160 fields (x16 objective, x10 ocular)
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were captured using a Sony 3CCD DXC 950 camera connected
to a computer. Images were analysed using UTHSCSH Image
Tool. Briefly, colours were separated and the 24bits binary
blue image was transferred to grayscale followed by setting
an automatic threshold that clearly identified the CD31 posi-
tive endothelial cells. Fixed light intensity was used through-
out the analysis. MVD was recorded from each of the three
high-power fields and either the highest count or the average
was used for analysis. MVD was calculated as the number of
CD31 positive pixels per picture.

2.4.  Statistical analysis

Statistical analysis was performed using SPSS version 15.0 for
Windows. Differences in MVD between groups were com-
pared with Student’s t-test or ANOVA when appropriate. The
correlation between MVD and established prognostic factors
was carried out using linear regression analysis. In these
analyses of MVD, logarithmically transformed values (base
10) were used for an approximate normal distribution.

The distributions of RFS, CSS and OS were estimated using
Kaplan-Meier curves. In one model the median MVD was
used as potential prognostic cut-off; in another the 25th,
50th and 75th percentile were evaluated. Univariate associa-
tions were tested using Log-rank test. Cox proportional haz-
ards regression model was used to test whether outcome
measures were independent of other established prognostic
factors, such as tumour extension (T-status), mode of differ-

entiation and nodal status. All p values reported are two sided
and values <.05 were considered statistically significant.

3. Results

3.1.  Patient population

Tissue blocks were available from 222 out of 231 patients. Six-
teen slides could not be scored due to poor quality. As a result
immunostaining was correlated with established prognostic
factors for 206 cases. Ten patients died during postoperative
stay and were thus excluded from survival analysis. The age
of the patients ranged from 36 to 87 years (median 65 years)
and the study population included slightly more males than
females (113 versus 83). Ninety-one tumours originated in
the head of the pancreas whereas 105 patients had periam-
pullary cancer.

3.2.  Microvessel density (MVD)

ANOVA showed large variations between tumours (SD = 0.24)
and between the different random spots within a tumour
(SD = 0.22). Therefore the average values per tumour were cal-
culated and used for further analysis. The average MVD from
the three pictures analysed, ranged from 0.3 to 12.4 percent/
patient (mean 3.1; median 2.7). We also calculated the highest
MVD measured among the three spots. The highest MVD ran-
ged from 0.5 to 13.6 percent/patient (mean 4.4; median 3.8).

At

Fig. 1 - Two examples of pancreatic cancer tissue immunohistochemically stained with CD31 antibody (A and B) (16x
magnification) and their binary overlays (C and D) showing a tumour with respectively high (A) and low microvessel density

(MVD) ().
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Fig. 2 - Two examples of normal pancreas tissue immunohistochemically stained with CD31 antibody (A and B) and their
binary overlays (C and D) (16x magnification) suggesting homogeneous vessel distribution.
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Fig. 3 - Microvessel density (MVD) (+1 SE) in node positive
(—) and node negative (- - - -) tumours for respectively
pancreatic head and periampullary cancer. In patients with
nodal involvement tumours showed a higher proportion of
vessels than those with clean lymph nodes. However this
was only true for pancreatic head cancer (p =.014).

Both the average and the highest MVD were not normally dis-
tributed. In Fig. 1, two examples are given of such a random
field. The first represents a patient with an average MVD of
3.6, the second a patient with an average MVD of 0.9.

Fig. 2 represents the vessel distribution in two spots of nor-
mal pancreas demonstrating rather homogeneous vessel
distribution.

3.3. Pathologic correlations

The average MVD of pancreatic head tumours was less than
MVD of tumours originating in the periampullary region
(respectively 2.4 and 2.9 percent; p <.01). Furthermore, nodal
status correlated with the average MVD in pancreatic head tu-
mours (p =.014), whereas this was not the case in perampul-
lary tumours (p =.55). In pancreatic head tumours with lymph
node involvement a larger proportion of the tumour was
occupied by vessels (Fig 3). There was no correlation with
T-status or with mode of differentiation. This was true for
both pancreatic head and periampullary cancer.

When the highest instead of the average MVD was used for
analysis, findings were similar to analysis using the average
MVD. However, in addition to nodal status, mode of differen-
tiation also correlated with vessel area (p =.047). Generally,
moderately and poorly differentiated pancreatic head cancers
were more vascularised than well-differentiated pancreatic
head cancers.

3.4. Clinical correlations
All conventional prognostic factors proved highly significant

in predicting RFS, CSS and OS in univariate analysis. In mul-
tivariate analysis however, tumour extension (T status) lost
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its prognostic value for all outcome measures. The type of
pancreatic cancer, i.e. pancreatic head or periampullary can-
cer, proved to be the strongest independent predictor of out-
come (data not shown).

To test whether the relation between MVD and the out-
come measures differed between the two types of pancreatic
cancer, we tested for effect modification (‘interaction’) by tu-
mour type in the Cox-models. This test showed that the type
of pancreatic cancer did not determine the effect of MVD on
outcome (all p > .19 for RFS, CSS and OS). The same was done
for the highest MVD measured, with similar conclusions.
Therefore, for survival analysis, both tumours were treated
as one group, however for direct interpretation purposes Kap-
lan-Meier curves are presented for the two tumour types
separately.

MVD was divided into quartiles and the four groups were
tested for trend regarding relation with outcomes. No trend
for an association of MVD with RFS (p=.77), CSS (p=.79) or
OS (p = .84) was observed (Figs. 4-6). In fact none of the four
groups showed a significant difference with any of the other
groups following pair wise comparison.

Following multivariate analysis, only tumour type, nodal
status and differentiation proved to be independent prognos-
tic factors for RFS, CSS and OS. MVD provided no additional
prognostic information (Table 1). Furthermore, the effect of
MVD on outcome did not significantly depend on N-category
either (all p > .21 for RFS, CSS and OS).

All analyses were repeated with the highest MVD instead
of the average MVD with similar conclusions (data not
shown).

4, Discussion

This is the largest study to date, quantifying tumour angio-
genesis and evaluating its effect on the prognosis of pancre-
atic cancer.

The pan-endothelial marker CD31 was used to stain tu-
mour vessels and the proportion of vessel to tumour area
(MVD) was measured using an automated system to quantify
tumour angiogenesis. MVD appeared to be heterogeneous be-
tween, but also within tumours, while vessel density in nor-
mal pancreatic tissue appeared more homogeneous.

Furthermore, a higher MVD was observed in periampullary
cancer as compared to pancreatic head cancer. Microvessel
recruitment is the result of the angiogenic potential of the tu-
mour cell itself and its interaction with the surrounding
extracellular matrix. The angiogenic potential of a tumour
cell is likely a reflection of its origin. Although both pancreatic
head and periampullary cancer have a close anatomic rela-
tion, they have different stem cell origins. This difference in
origin could explain the different molecular characteristics
and behaviour of both tumours, reflected by the currently ob-
served difference in MVD but also the previously observed dif-
ferences in expression rates of c-erb,>® p53, Ki-67,°® SMAD 4°7
and HMGA1 and the effect on prognosis of both tumours.*®

No association of MVD with other prognostic factors could
be identified in periampullary cancer, whereas in pancreatic
head cancer, a higher MVD coincided with lymph node
involvement. Interestingly, Khan and co-workers observed
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Fig. 4 - Recurrence free survival (RFS) of patients treated for
adenocarcinoma of respectively the pancreatic head (a) and
periampullary (b) region. Microvessel density (MVD) did not
have an impact on RFS of pancreatic cancer (p =.77).

the exact opposite: an association with nodal involvement
in ampullary cancer instead of pancreatic cancer.*” When
the highest MVD measured was used for analysis, MVD was
associated with both nodal status and differentiation. This
is in line with another study in pancreatic cancer in which
the vascular surface density and the number of vessels per
mm? stroma correlated with poor histological differentia-
tion.** The same investigators also found a relationship be-
tween MVD and tumour size and in yet another study an
association with stage was observed.*! In other tumours asso-
ciations with tumour size, V121418273536 T gtatys, ¥’
differentiation®*-1317:23.3536 or lymph node status®*!!>183¢
were observed in some studies but not in others, 24263173438

Following correlation with established prognostic factors,
the association of MVD with survival was assessed. Although
we intended to evaluate tumour angiogenesis as a prognostic
factor in pancreatic head and periampullary cancer sepa-
rately, no interaction was identified between the type of pan-
creatic cancer and outcome. A separate analysis was
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Fig. 5 - Cancer specific survival (CSS) of patients treated for
adenocarcinoma of respectively the pancreatic head (a) and
periampullary (b) region. Microvessel density (MVD) did not
have an impact on GCSS of pancreatic cancer (p =.79).

therefore not justified. Consequently we analysed both types
as one group. A possible reason for the lack of an interaction
between tumour type and outcome could be the small differ-
ence between the actual MVD, 2.4 and 2.9 percent for pancre-
atic head and periampullary cancer, respectively, classifying
both as relative hypoxic tumours.

In our cohort of patients with pancreatic cancer, MVD did
not provide additional prognostic information to conven-
tional prognostic factors such as nodal involvement and de-
gree of differentiation. This is in line with some reports on
the prognostic role of MVD in pancreatic cancer,***>*¢ how-
ever in sharp contrast to others *1#>47:48

Possible reasons for these inconsistent results are not lim-
ited to the difference in study population, but may be due to
poor standardisation of the methodology. The assessment of
MVD is generally a tedious process with poor reproducibility.
First, as originally proposed by Weidner and colleagues, the
most vascularised area (the so called ‘hot-spot’) needs to be
selected. Then, each separate microvessel needs to be
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Fig. 6 — Overall survival (OS) of patients treated for adeno-
carcinoma of respectively the pancreatic head (a) and
periampullary (b) region. Microvessel density (MVD) did not
have an impact on OS of pancreatic cancer (p = .84).

counted. Both selection processes are highly subjective and
consequently likely associated with inter-observer variation.
Furthermore, exclusively counting vessels neglects the vessel
size aspect, and might underestimate the metastatic
potential of a tumour as hypothesised by Nagakawa et al.
who showed that liver metastasis occurred more often when
tumour invasion was present in the middle sized and the
large vessels compared to the smaller sized ones.*® An obser-
vation already made by Liotta and co-workers in the early
seventies. They found a linear relationship between the num-
ber of vessels >30 um and the number of tumour cell- and cell
clump washout following perfusion of a xenografted fibrosar-
coma.? However, the disadvantage of using vessel size to
quantify MVD is again the subjective bias and interobserver
variability associated with counting individual vessels.

To reduce the subjective bias and interobserver variability
associated with selecting a hot-spot and counting individual
microvessels, in the current study areas were selected ran-
domly and analysed by automated computerised image anal-
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Table 1 - Multivariate analysis of conventional prognostic factors and microvessel density (MVD) on outcome in pancreatic

Factor N  Recurrence free survival (RFS)  Cancer specific survival (CSS) Overall survival (OS)
%5year HR  95% (CI) p %S5year HR  95% CI p %5year HR  95% CI p

Tumour type <.001 <.001 <.001

Pancreatic head® 91 14 17 15

Periampullary 105 31 0.49 0.35-0.68 38 0.49 0.34-0.71 34 0.49 0.35-0.68
Tumour extension .09 .13 .08

T 1/22 50 44 48 45

T 3/4 142 15 1.43 0.95-2.15 21 1.44 0.90-2.29 18 1.45 0.96-2.20
Nodal involvement <.001 <.001 .001

No? 92 37 42 38

Yes 104 10 1.89 1.35-2.67 16 2.07 1.41-3.03 13 1.77 1.26-2.50
Differentiation .003 .002 .008

Well? 32 43 51 46

Moderately 129 21 1.49 0.94-2.37 .09 26 1.66 0.98-2.84 .06 22 1.61 1.01-2.57 .047

Poorly 34 12 255 1.47-4.41 .001 16 2.89 1.57-5.33 .001 15 242 1.39-4.22 .002
MVD 1.00° 0.83-1.19 .96 0.93° 0.77-1.13 48 0.95° 0.79-1.13 .54

HR: hazard ratio; %5 year: % 5 year survival by univariate analysis; 95% CI: 95% confidence interval.

& Reference category.
b Effect of doubling MVD.

ysis. Conveniently, the pixel/area aspect of the analysis per-
formed does not completely neglect the vessel size aspect dis-
cussed above since a large vessel contains more pixels than a
small vessel. Finally, the average of the randomly selected
areas was taken to correct for the heterogeneous nature of
tumours.

Another reason for the differences observed between stud-
ies could be the antibody or agent used to detect the vessels.
Antigen specificity is a major problem when staining endo-
thelial cells. In case of CD34, lymphatic vessels, perivascular
stromal cells as well as other stromal elements can be
stained. The disadvantage of factor VIII is that it is absent
on part of the capillary endothelium in tumour tissue. Disad-
vantages associated with staining for CD31, are the co-stain-
ing of inflammatory cells and frequent antigen loss due to
fixatives that contain acetic acid. However inflammatory cells
are easy to distinguish from endothelial cells and microwave
antigen retrieval effectively abolishes the problem of antigen
loss.>® Furthermore, JC-70, the antibody used in the current
study, has the advantage over factor VIII of being present also
on immature blood vessels. Consequently, counts using this
marker are 30% higher than those using factor VIIL'® In
1996 an international consensus was developed by the ex-
perts in the field of MVD assessment. In this consensus
CD31, the agent used in the current study, was chosen as
the agent of choice for assessment of MVD on paraffin
sections.

The lack of an association with prognosis could be ex-
plained in several ways. First, pancreatic cancer is known to
be a hypoxic tumour.®>® Pancreatic cancer is characterised
by an extensive extracellular matrix deposition, called
desmoplasia, creating increased intratumoural pressure and
tumour-vessel distances, resulting in a hypoxic environ-
ment.®* Quite some research has been done in the last decen-

nium on the role of pancreatic stellate cells in this
extracellular matrix deposition. Recently one of the expert
groups suggested that this hypoxic and fibrotic environment
of pancreatic cancer might be due to both fibrogenic effects
of pancreatic stellate cells and anti-angiogenic effects of
cancer cells.®® Evidence has been presented that hypoxia
might act as a physiological selective agent against apopto-
sis-competent cells in tumours, thus promoting the clonal
expansion of cells that acquire mutations in their apoptotic
programs.®®

Secondly, angiogenesis is but one step in the multi-step
process of tumour progression and metastasis formation. It
might be necessary but not sufficient to produce metastasis.

In conclusion, the present study shows that periampullary
cancer is more vascularised than pancreatic head cancer and
although angiogenesis as quantified by microvessel density
correlates with nodal MVD head cancer and thus gives some
information on the malignant potential, pancreatic cancer
seems indeed an example of a tumour in which prognosis is
not dependent on angiogenesis.

This would also explain the poor response to anti-VEGF
treatment observed in pancreatic cancer.®”:%®
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