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INTRODUCTION

HUMAN INVASIVE breast cancer is a malignancy characterised
by a complex biology that influences the tumour-host re-
lationship and responsiveness to anticancer treatments [1].
A better understanding of the most important biological
pathways regulating transformation, progression and metas-
tasis of this tumour is a prerequisite for the development of
more rational, specific and effective treatments and for
improving the management of patients. Currently, we know
that angiogenesis is necessary for the growth of solid
tumours and that acquisition of the angiogenic phenotype
facilitates local invasiveness, progression and the develop-
ment of distant metastasis [2].

Mounting data now indicate that there is both indirect
and direct evidence that breast cancer is an angiogenesis-
dependent disease. The first study of Weidner and associ-
ates [3] published in January 1991 in the New England
Fournal of Medicine suggested a methodological approach to
assess angiogenic activity in human breast cancer, with po-
tentially important prognostic applications. This study [3]
stimulated several authors to perform independent studies
worldwide to assess the prognosis of the patients and to
improve the methodology.

To date, at least 21 clinicopathological studies reporting
on the prognostic value of angiogenesis have been published
in peer reviewed journals (Table 1) [4-24] and several new
studies continue to be presented at international meetings.
Thus, among the biological prognostic indicators, the
assessment of angiogenesis is one of the more studied and it
is one of the more promising.

This paper will review the biological role of angiogenesis
in breast cancer, the methods used to determine angiogenic
activity and the main results of our studies as well as of
those from other institutions on the prognostic value of
intratumoral microvessel density. Finally, some perspectives
for future studies will be suggested.

BIOLOGICAL BACKGROUND
Angiogenesis (neovascularisation) is the process which
permits a tumour to stimulate the formation of new blood
vessels from the pre-existing vascular bed. The mechanisms
leading to acquisition of the angiogenic phenotype are only
partially known and involve complex biochemical, molecu-

lar, genetic and cellular mechanisms. Ultimately, the angio-
genic activity of a tumour is the result of the equilibrium
between angiogenic and angiosuppressive pathways [25].

In general, angiogenesis facilitates tumour growth, pro-
gression and metastasis through three main mechanisms: (i)
the perfusion effect—neovascularisation supplies an appro-
priate delivery of oxygen and nutrients from blood circula-
tion necessary for tumour growth; (ii) the metastatic
effect—the formation and growth of intratumoral neovessels
is accompanied by structural and morphological alterations
that facilitate the penetration and transport of tumour cells
in the bloodstream that colonise distant tissues; and (iii) the
mutual paracrine effect—tumour cells produce growth fac-
tors able to stimulate angiogenesis, but endothelial cells also
secrete some cytokines (e.g. IL-6, granulocyte colony-stimu-
lating factor) and growth factors (e.g. angiogenic peptides
and others), that directly stimulate tumour cells to grow
(reviewed in [26,27]).

Indirect evidence that breast carcinoma is angiogenesis-
dependent: experimental studies

Approximately 20 years ago, Brem and associates [28]
developed an ocular model to assess angiogenic activity.
They studied the angiogenic response induced in the rabbit
iris by the transplantation of xenografts of normal, hyper-
plastic and chemically-induced neoplastic mouse mammary
fragments. They found that angiogenesis preceded the trans-
formation of mammary hyperplasia to carcinoma [28].
Further studies performed by Jensen and coworkers [29],
using a similar experimental model, showed that angiogen-
esis is involved in human breast cancer transformation and
progression. The angiogenic activity of normal breast
lobules from cancerous breasts was twice that of non-can-
cerous breasts. Even though these studies gave stimulating
results, no relevant further research was performed on
angiogenesis in breast cancer during the 1980s. Only in the
1990s did independent experimental studies add new im-
portant information in this field. Studies by McLesky and
associates [30] and Costa and associates [31] demonstrated
that fibroblastic growth factors (FGFs)-3 and -4 induce
angiogenesis followed by rapid tumour growth and metasta-
sis in human breast cancer cell lines. Zhang and colleagues
[32] found that human breast carcinoma celis transfected
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Table 1. Intratumoral microvessel density and prognosis in operable breast carcinoma
Number of
node- Multivariate Median
Endothelial Number of negative  Association Association analysis follow-up
Authors marker patients Stage patients with RFS  with OS RFS (0N (years)
Pilot studies
Horak and associates [4] CD-31 103 I-1I 64 ND 0.006 ND ND 2.5
Weidner and associates [5] fVIII-RA 165 I-1I 83 <0.001 <0.001 <0.001 <0.001 4.0
Bosari and associates [6] fVIII-RA 180 I-1I 151 <0.004 <0.008 <0.03 <0.03 9.0
Visscher and associates [7] Type IV 58 I-1v 28 0.001 ND NS ND 5.1
collagenase
Van Hoef and associates [8] fVIII-RA 93 I 93 NS NS NS NS 13.0
Khanuia and associates [9] fVIII-RA 164 I-1I 125 NS ND ND ND 8.0
Obermair and associates [10]  fVIII-RA 64 I-1I 32 <0.01 ND <0.01 ND 4.1
Ogawa and associates [11] fVIII-RA 155 I-1I 91 <0.001 0.025 <0.002 <0.001 7.0
Cohort
Hall and associates [12] fVIII-RA 87 I-II 50 NS ND NS ND 1=95
Cohort
2=15
Fox and associates [13] CD-31 211 I-II 112 ND 0.02 ND 0.05 3.5
Costello and associates [14] fVIII-RA 87 I 87 NS NS ND ND 2.9
Goulding and associates [15] CD-34 165 I-1I ND NS NS ND ND 12.0
Siitonen and associates [16] fVIII-RA/ 77 I 77 ND ND ND ND 8.0
CD-31/CD-34
Toi and associates [17] fVIII-RA/ 125 I-1I 57 <0.01 ND <0.01 ND 5.1
CD-31
Gasparini and associates [18] CD-31 191 II 0 <0.01 <0.01 <0.01 <0.01 5.5
Macaulay and associates [19] CD-31 88 I-1I 23 0.022 ND ND ND 2.5
Confirmatory studies
Bevilacqua and associates [20] CD-31 211 I 211 <0.0001 0.018 <0.0001 0.044 6.6
Toi and associates [21] fVIII-RA 328 I-1I 130 <0.001 ND <0.0001 ND 4.6
Obermair and associates {22]  fVIII-RA 230 I 320 <0.0001 <0.0001 ND <0.001 4.6
Axelsson and associates [23] fVIII-RA 220 I-I 110 NS NS NS NS 11.5
Gasparini and associates [24] CD-31 178 II 0 <0.01 <0.01 <0.01 <0.01 5.2

ND, not done; NS, not significant; RFS, relapse-free survival; OS, overall survival.
Note: When the same author performed more than one pilot or confirmatory study using the same method, only the most recent or most

representative is reported.

with vascular endothelial growth factor (VEGF) exhibit rich
vascularity and enhanced growth.

Overall, the results of these studies are in agreement with
those generally observed in solid tumours, that different
angiogenic peptides induce angiogenesis and facilitate pro-
gression and metastasis i vivo.

Other experimental studies have shown that the ex-
pression of endogenous angiogenesis inhibitors, such as
thrombospondin-1 (T'SP-1) [33-35] or transforming growth
factor B-1 [36], are capable of inhibiting tumour growth
and metastasis of human breast cancer cell lines i vivo,
through the inhibition of neovascularisation. Of particular
biological importance was the demonstration that one of the
mechanisms of control of TSP-1 is mediated by the wild-
type TP53 tumour-suppressor gene [34].

Indirect evidence that breast carcinoma ts angiogenesis-
dependent: clinical studies

Brem and associates [37] in 1978 using a rabbit iris assay,
showed for the first time that angiogenesis is a potentially
useful marker of preneoplastic lesions and that it is associ-
ated with most human breast cancers. An iris angiogenic re-
sponse was observed in 30% of fragments from biopsies of

human hyperplastic lobules of the breast versus 65% of
those from invasive breast carcinomas. Moreover, they
observed that the frequency of transformation was higher in
the subgroup of hyperplastic lesions with angiogenic activity.
Weidner and associates in 1991 [30], examining histological
sections of breast cancer stained with a specific marker for
endothelial cells, showed that it is possible to observe i situ
carcinomas in the prevascular as well as in the vascular
phase. They suggested that the carcinomas in siru with
angiogenic activity are potentially those with greater risk of
progressing to invasive tumours. A subsequent study of
Guidi and colleagues [38] gave more information on the
histological patterns of stromal neovascularisation of i siu
carcinomas of the breast.

Another histopathological study by Guinebretiere and
coworkers [39] suggested that the risk of women with fibro-
cystic disease developing invasive breast carcinoma increases
with the density of microvessels within the lesion.
Independent studies published in 1995 indicate that some
integrins, namely o,B; (vitronectin), .5 and o4, modulate
angiogenesis and are involved in breast cancer progression
[40-42]. Hildenbrand and associates [43] found that plas-
minogen activators are also involved in breast cancer neo-
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vascularisation. Urokinase plasminogen activator (uPA) is
produced by both cancer cells and macrophages and exerts
a paracrine effect on endothelial cell growth. In a series of
breast cancers, a significant association among uPA levels,
high macrophage content and intratumoral microvessel den-
sity was observed {43]. An elegant study by Contrino and
colleagues [44] suggested that the i sizu detection of tissue
factor seems to be a useful marker of angiogenic phenotype
of human breast disease. The results of several clinicopatho-
logical studies have confirmed experimental observation of
the presence in breast cancer of more angiogenic peptides
which stimulate angiogenesis and progression.

It has been shown that human breast cancer expresses
diverse angiogenic peptides including VEGF, FGFs, plate-
let-derived growth factor (PDGF) and the hepatocyte
growth factor (HGF) [45-49], some of which are also
detectable in the body fluids of patients [48, 50, 51].
Among these, VEGF seems to play a major role, and pre-
liminary findings suggest that expression of VEGF is associ-
ated with high intratumoral microvessel density (IMD) [47]
and prognosis [52].

An overview of the results of the numerous studies per-
formed to study the correlation between vascularisation and
prognosis suggests that human breast cancer presents a het-
erogeneous degree of angiogenic activity and that highly vas-
cular tumours are biologically more aggressive and
associated with poor outcome (Table 1).

Finally, the study of McCulloch and associates [53]
showed that the extent of tumour cells shedding into efflu-
ent venous blood during breast cancer surgery are associated
with the degree of vascularisation of the primary tumour,
confirming preclinical studies indicating that angiogenesis
facilitates metastases [27].

Direct evidence that breast carcinoma is angiogenesis-dependent:
experimental studies

At least three published studies indicate that inhibition of
angiogenesis is associated with human breast cancer re-
gression in animal models. Weinstat-Saslow and colleagues
[35] transfected TSP-1 complementary DNA into a meta-
static human breast cancer cell line. This genetic modu-
lation drastically inhibited angiogenesis in vivo and the
treated animals exhibited reduced primary tumour growth
and a reduction in the number of metastasis versus
untreated controls. The second study from Brooks and as-
sociates [40] showed that systemic treatment with an anti-
body (LM-609) neutralising the o,B; integrin drastically
reduced angiogenesis and induced tumour regression in a
severe combined immunodeficient (SCID) mouse/human
chimera bearing subcutaneous transplant of human breast
cancer. In the third study, from Professor Folkman’s group
[54}, angiostatin, a potent endogenous angiogenesis inhibi-
tor, was administered to nude mice bearing diverse solid
tumours, including the MDA~MBV human breast cancer.
The systemic administration of angiostatin induced re-
gression of all the transplanted human tumours through in-
hibition of angiogenesis and prolonged tumour dormancy
via a mechanism mediated also by apoptosis.

Overall, when the results of these studies are considered
together, there emerges a clear picture that angiogenesis is
necessary (but not sufficient alone) for breast cancer growth,
and that inhibition of angiogenesis is a promising new thera-
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peutic approach (alone or in combination with other bio-
logical or conventional anticancer treatments) for breast
cancer, worthy of clinical testing.

OVERVIEW OF THE VICENZA STUDIES

Our enthusiasm for translational research on angiogenesis
was stimulated by the paper published by Weidner and as-
sociates [3] in 1991. The majority of our studies [5, 18, 20,
55, 56] have been in collaboration with Professor Noel
Weidner using the method reported in the New England
Journal of Medicine [3}. The steps and the recommendations
for applying this method correctly have previously been
detailed [57] and are also reviewed in this Special Issue of
the European Journal of Cancer (pages 2506-2512).

Methodology

Weidner’s method. The staining of the endothelial cells was
achieved using the factor VIII-related antigen or the CD-31
antibody with a standard immunoperoxidase technique in
paraffin sections. In all these series, the evaluation was per-
formed by at least two observers and generally, after an ade-
quate period of training on the counting technique, the
correlation between counts on the same slide between
different observers was satisfactory.

Computer-aided image analysis system (CIAS). In collabor-
ation with the pathologists of the Trento Hospital, and the
physicians of the Institute of Physics of the University of
Trento, we developed a semi-automatic method to assess
not only microvessel density, but also the total microvessel
area and the vascular perimeter within the same field. We
assessed the correlation between Weidner’s method and the
CIAS method and their prognostic value in a series of node-
negative breast cancers [59]. We found a significant corre-
lation between the subjective counts (Weidner’s method)
and those obtained by the CIAS, after which the same in-
vestigators chose the vascular hot spot to be used for the
evaluations. The results of multivariate analysis indicated
that both the subjective method and the total microvessel
area calculated using the CIAS were significant prognostic
indicators for relapse-free survival (RFS). The CIAS
method seems to be potentially useful as a more objective
method of quantifying tumour angiogenesis.

Chalkley score. Fox and associates [13] first proposed the
Chalkley method, consisting of the use of a 25-point eye-
piece graticule to be oriented so that the maximum number
of points are on or within the stained vessels. The aim was
to render the determination of microvessel density easier
and objective. In collaboration with Professor Adrian L.
Harris and his colleagues of the I.C.R.F. at the University
of Oxford, we evaluated the Chalkley score and its prognos-
tic value in a series of 178 patients from the two institutes
with node-positive breast cancer treated with adjuvant
tamoxifen [24]. Even though a higher Chalkley score was
found in the Oxford series, the variable ‘Centre’ and its
interaction with the Chalkley score were not statistically sig-
nificant in the multivariate analysis, indicating that the prog-
nostic value of this variable was similar in the two cohorts
of patients. In this series, the degree of angiogenesis was not
associated with any other variable and was significantly
prognostic.

Novel methods. We are performing collaborative studies in
order to evaluate new potentially useful techniques for
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assessing angiogenesis for prognostic purposes. These
include the intratumoral determination of the cytosolic con-
centrations of VEGF using an immunoenzymatic method,
the assessment of the fraction of proliferating intratumoral
endothelium using a double staining immunohistochemical
technique to stain concurrently endothelial cells and prolif-
erating nuclei, and the expression of the o,f; integrin. We
are also testing the clinical significance of determining the
levels of some angiogenic peptides in the serum of breast
cancer patients.

The Vicenza clinical studies on the prognostic value of
angilogenesis

We conducted several studies to evaluate the prognostic
value of angiogenesis in breast cancer along the guidelines
we proposed in 1993 [1]. To date, we have performed the
pilot and confirmatory retrospective studies that will briefly
be overviewed here.

Pilot studies. These were performed in an unselected and
consecutive series of node-negative and node-positive breast
cancer patients with a minimum follow-up of 4 years.

The first study was in collaboration with Professors
Folkman and Weidner and was performed in a series of 165
patients (83 node-negative and 82 node-positive) [5]. We
assessed both the conventional prognostic indicators (age,
menopausal status, tumour size, histological grade, node
status and peritumoral lymphatic vessel invasion) and sev-
eral new biological indicators: epidermal growth factor
receptor, c-erbB-2 expression, cathepsin-D, Ki-67 (a marker
of cell kinetics), intratumoral microvessel density and grade
using immunohistochemical methods as well as hormone
receptors using standard biochemical assays and ploidy and
S-phase fraction using flow cytometric analysis. We studied
the association between angiogenesis and the other variables
and its prognostic significance for RFS and overall survival
(0S).

This study showed that (a) the degree of angiogenesis was
significantly higher in node-positive tumours, larger pri-
maries and poorly differentiated carcinomas; (b) angiogen-
esis was not associated with the other biological variables
considered and (c) angiogenesis was a statistically significant
prognostic indicator for both RFS and OS in the overall
series and also separately in the subgroups of node-positive
and node-negative patients, in multivariate analyses. In the
same series, these results were confirmed in subsequent
analyses with a median follow-up of 5 years [55] and also
when we added to the multivariate model determination of
the expression of p53 (pAb 1807 antibody) [56]. The
encouraging results of these studies stimulated us to evalu-
ate further the prognostic value of angiogenesis, assessed
using the Weidner method, in larger and more homo-
geneous series.

Confirmatory studies in node-negative patients. To validate
further the prognostic value of angiogenesis in this subgroup
of patients, we assessed vascularisation in series treated only
with surgery and with a median follow-up exceeding 5
years. The first confirmatory study was carried out in 254
unselected and consecutive patients operated in two Italian
hospitals and clinically managed with similar protocols [60].
We assessed angiogenesis using the CD-31 antibody and
also determined the expression of p53 and c-erbB-2. In this
series, the degree of angiogenesis was significantly higher in
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premenopausal patients and in poorly differentiated
tumours. No association was found between angiogenesis,
p53, c-erbB-2 and hormone receptors. Multivariate analysis
showed that angiogenesis, p53, tumour size and peritumoral
lymphatic vessel invasion were statistically significant prog-
nostic indicators for RFS, whilst for OS only angiogenesis
and tumour size retained significance.

In the same series, we updated the results by extending
the median follow-up to 6.5 years [20] and by adding to the
analysis the determination of the 67 kDa laminin-receptor
expression (MLuC5 antibody) [61]. These studies con-
firmed that angiogenesis is not associated with the other
biological variables and that it is a significant prognostic fac-
tor for both RFS and OS, in a multivariate analysis model
that included p53 and laminin receptor. A new finding was
that with prolonged follow-up and with more events, meno-
pausal status and p53 expression were also statistically sig-
nificant prognostic indicators for OS [20].

Confirmatory studies in node-positive patients. The pilot stu-
dies [5, 55, 56] suggested that angiogenesis was an indepen-
dent variable in the subgroup of node-positive breast cancer
that included patients treated with heterogeneous forms of
adjuvant therapy (either chemotherapy or hormone treat-
ments). In order to study the relationship between angio-
genesis and prognosis in relation to the adjuvant therapy
administered, we performed another retrospective study in a
series of 191 patients treated with adjuvant hormone
therapy (84 cases) or with a standard chemotherapy (CMF
schedule) (107 cases), followed for a median of 6 years
[18]. We assessed angiogenesis using the CD-31 antibody
and found that, irrespective of the adjuvant treatment admi-
nistered, patients do worse as the degree of angiogenesis
increases. On the basis of these results, we performed two
confirmatory studies performed in larger series treated with
homogeneous adjuvant treatments. In both these studies,
we evaluated the prognostic value of angiogenesis using a
new method based on the Chalkley score. In a series of 178
node-positive, tamoxifen-treated (20 mg daily for 3 years)
patients, the median follow-up exceeding 5 years, we con-
firmed that angiogenesis is a significant prognostic indicator
for both RFS and OS as are the number of involved nodes,
grading, oestrogen receptor level in the tumour (only for
RFS) and tumour size (only for OS) in multivariate analysis.
This study was done in collaboration with Professor Harris’s
group [24].

The second collaborative study was performed in another
series of 201 node-positive patients, median follow-up of
5.5 years, treated with adjuvant chemotherapy (CMF or
CMF-like regimens) for 6 months (6—8 cycles). Again, mul-
tivariate analysis indicated that angiogenesis, number of
involved nodes and progesterone receptor levels in the
tumour were statistically significant prognostic indicators for
both RFS and OS (G. Gasparini, unpublished study).

The most important, common finding of these confirma-
tory studies is that the patients with highly vascularised
tumours had a significantly poorer outcome than those with
poorly vascularised tumours, and that conventional adjuvant
therapy seems unable to modify this relationship. It remains
to be demonstrated in properly-designed prospective studies
whether angiogenesis is merely a prognostic indicator or if it
is predictive of efficacy of specific forms of adjuvant treat-
ments in node-positive breast cancer.
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Table 2. Prognostic value of intratumoral microvessel density in operable breast cancer. Data elaborated from the studies detailed in Table 1

21 studies

(3180 patients, 1754 node-negative)

Univariate analyses
RFS = 18 studies

OS = 13 studies

Positive Negative Positive Negative
12 (67%) 6 9 (69%) 4
Multivariate analyses
RFS = 13 studies OS = 10 studies
Positive Negative Positive Negative
9 (69%) 4 8 (80%) 2

RFS, relapse-free survival; OS, overall survival; positive, statistically significant association with prognosis; negative, lack of statistically sig-

nificant association with prognosis.

Prognostic significance of the determination of intratumoral
microvessel density (IMD) in operable breast cancer: overview of
the literature

Table 1 shows the results of the most important pub-
lished studies on vascularisation and prognosis in oper-
able breast cancer. Overall, almost 3200 cases of breast
cancer have been assessed for angiogenesis worldwide,
and, as shown in Table 2, most have described a statisti-
cally significant association of IMD with prognosis. In
particular, 69% and 80% of the studies, which included
multivariate analyses, found that angiogenesis is a statisti-
cally significant prognostic indicator for RFS and OS, re-
spectively.

Possible explanations for the results of some negative stu-
dies, relating to methodological problems, have been
suggested elsewhere [57, 62].

Taking into account the heterogeneity of the clinicopatho-
logical characteristics and the treatments of the series ana-
lysed, that different markers and methods have been used to
stain endothelia, and that no uniform criteria of evaluation
were adopted, angiogenesis emerges as one of the most
interesting biological indicators to assess the prognosis of
breast cancer patients.

Because all the studies performed thus far are retrospec-
tive, a proper assessment of the clinical usefulness of the de-
termination of IMD needs well-designed prospective,
controlled, clinical trials in both node-negative and node-
positive patients [1]. Finally, the clinicopathological studies
on angiogenesis have also provided important collateral in-
formation on the characteristics of angiogenic activity in
human breast cancer as summarised in Table 3 [4, 5, 20,
43, 53, 63-65].

ALTERNATIVE AND INVESTIGATIVE METHODS
TO ASSESS ANGIOGENIC ACTIVITY

Some preliminary studies have evaluated the prognostic
value of the determination of angiogenic peptides. The main
results of these studies are summarised in Table 4 [45, 50,
52].

In collaboration with Dr Toi of the Metropolitan Hospital
of Tokyo, we used an immuno-enzymatic technique to
detect cytosolic concentrations of VEGF in 260 primary
node-negative patients treated only with surgery. At a me-
dian follow-up of 5 years, we found that VEGF concen-
trations were significantly associated with the clinical
outcome of the patients (G. Gasparini, unpublished study).
These results are concordant with those previously observed
where approximately 50% of breast cancers expressed this
peptide and an association with prognosis was shown [52].

Recently, Contrino and associates [44] detected the in
situ expression of the tissue factor, a regulator of coagu-
lation, and found that its expression on vascular endo-
thelium correlates with the malignant phenotype of human
breast disease. The authors suggested that tissue factor is a
potentially useful marker for identifying the switch to the
angiogenic phenotype. Further studies in larger series are
needed to evaluate the clinical significance of this marker.

Another new interesting marker for assessing angiogenesis
in human breast cancer is the integrin 3. Brooks and as-
sociates [40] found that elevated expression of this integrin
is associated with active angiogenesis in human breast can-
cer, and that the blocking of its biological activity by neutra-
lising antibodies causes breast cancer regression in animals.

Finally, several studies, recently overviewed by Duffy
[66], indicate that determination of the plasminogen path-

Table 3. Collateral biological information from the clinicopathological studies on angiogenesis

Intratumoral microvessel density (IMD) is significantly associated with some angiogenic peptides [47, 52]
IMD is significantly associated with urokinase-type plasminogen activator (uPA), an enzyme involved in the degradation of extracellular

matrix and angiogenesis [43]

IMD is not associated with other biological markers including p53, c-erbB-2, EGFR, tumour cell proliferation, cyclins, ploidy and

hormone receptors [4, 5, 20]

IMD is independent of endothelial and tumoral cell proliferation [1, 65]
IMD is associated with tumour cell shedding into the bloodstream during surgery [53]
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Table 4. Determination of angiogenic peptides and breast cancer prognosis
Number of Univariate Multivariate Median
Number of node-negative Association analysis analysis follow-up
Author Method patients Stage patients  with therapy RFS oS RFS 0OS (years)
PDGF
Seymour and associates [45] IHC 58 II-1v ND Yes ND ND ND ND ND
VEGF
Toi and associates [52] IHC 103 I-1I 30 ND <0.01 ND 0.039 ND 4
Gasparini IE 260 I 260 ND <0.01 <0.01 <0.01 <0.01 5
(unpublished results)
bFGF
Nguyen and associates [50] IE 143 -1V ND ND <0.05 NS ND ND ND

PDGF, platelet-derived growth factor; VEGF, vascular endothelial growth factor; bFGF, basic fibroblastic growth factor; IHC, immunohis-
tochemistry; IE, immuno-enzymatic; ND, not done; NS, not significant.

ways is associated with breast cancer prognosis. Because
modulation of plasminogen activator in tumour cells is
involved both in invasiveness and angiogenesis, the related
markers may be successfully used to assess some steps of
angiogenesis in human solid tumours [43].

A more detailed description of new methods for the deter-
mination of angiogenesis, with an analysis of the advantages
and disadvantages of each technique, has recently been pub-
lished elsewhere [67].

CONCLUSION

There is sufficient evidence that the determination of
IMD is a feasible quantitative static measure of angiogenic
activity of breast cancer [57, 58, 62] and solid tumours in
general [68].

As reported by Vermeulen and associates in this Special
Issue of the European Fournal of Cancer (pages 2474-2484),
a consensus has been reached among several investigators to
improve the immunohistochemical technique and to make
the criteria for evaluating microvessel counts more objective
and reproducible. Some validation procedures and quality
control protocols have been recommended for future stu-
dies.

Angiogenesis is a multistep and complex phenomenon,
so it seems reasonable to think that a more comprehen-
sive and dynamic assessment of angiogenic activity will
require the concurrent use of more assays and, in par-
ticular, the knowledge of the net balance between angio-
genic stimuli and angiogenic inhibitors in each tumour
[67].

In breast cancer, at least three areas of translational
research on angiogenesis seem to be particularly important.
First, preliminary studies on the angiogenic activity in
benign [39], preneoplastic [37] and pre-invasive [38)] breast
diseases suggest that the acquisition of the vascular pheno-
type may appear at different times during the multistep pro-
cesses leading to invasive carcinoma [69]. The search for
markers capable of distinguishing the prevascular from the
vascular phase of premalignant breast diseases may be a
useful tool for identifying those women with breast lesions
most likely to evolve into invasive cancer. Furthermore,
such a marker could also be a target for chemoprevention
using angiogenesis inhibitors to block the switch to the vas-
cular phase and consequently inhibit local tumour invasive-
ness and progression [69, 70].

Second, approximately three-quarters of the retrospective
studies published to date that evaluated the prognostic value
of vascularisation in breast cancer found a significant associ-
ation of high angiogenic activity with poor clinical outcome
(Table 1). This relationship has been found in mixed, in
node-negative as well as node-positive series of operable
breast cancer. Definitive proof of the clinical significance of
distinguishing high- versus low-risk patients by the angio-
genic activity of their tumour, requires that this marker be
evaluated in prospective controlled clinical trials in homo-
geneous groups of patients in relation to clinicopathological
characteristics and therapy.

Third, once anti-angiogenic drugs are available for phase
II-III clinical trials, it will be of great interest to verify in
operable breast cancer whether the assessment of IMD or
angiogenic peptides and endogenous angiogenesis suppres-

Table 5. Conclusions

Human invasive breast cancer is an angiogenic-dependent disease. Angiogenesis is necessary but not sufficient (alone) for breast cancer

progression and metastasis

Determination of angiogenic activity is a promising prognostic indicator. Several methods to assess angiogenesis are available (IHC to
detect IMD and angiogenic peptides, IE to detect angiogenic peptides, ELISA to detect plasminogen pathways, etc.). Prospective
comparisons of different methods, standardisation and quality controls are warranted

Determination of angiogenesis seems to be useful for predicting the outcome of patients treated with adjuvant conventional therapy
Pharmacological and genetic modulation of angiogenesis is a highly effective and low toxic antitumour therapy in experimental models. A
proper clinical development of anti-angiogenic drugs for therapy of breast cancer needs appropriate study designs and the assessment of

biological effects using surrogate markers

IHC, immunohistochemistry; IMD, intratumoral microvessel density; IE, immuno-enzymatic.
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sors may be targets for angiosuppressive therapy (71, 72].
Alternatively, future research should be planned to identify
specific markers related to the modality of action of each
angiogenesis inhibitor. For example, potential targets for
drugs that inhibit proliferating endothelia (TNP-470,
angiostatin, I1.-12) may be the expression of markers associ-
ated with activated endothelium (antibodies TEC-11, E-9).
Similarly, expression of the a,B3 integrin may be a target for
therapy with neutralising antibodies [40], or levels of tissue
metalloproteinases may be related to responsiveness to
metalloproteinase inhibitors (BB-94) [73]. Finally, the de-
termination of tissue expression or serum/urine levels of
angiogenic peptides may be useful for identifying the predo-
minant pathway of activation of angiogenesis in each
tumour that could be neutralised using antibodies or drugs
against the specific endothelial growth factor [74, 75].

In conclusion, our present knowledge indicates that
angiogenesis is involved in breast cancer progression and
metastasis, and that its pharmacological inhibition is a
promising new therapeutic approach. Well-designed studies
of translational research on angiogenesis are warranted to
define properly the assays for determining angiogenic ac-
tivity, the prognostic and predictive value of angiogenesis
activity, and to identify the patients who are most likely to
benefit from pharmacological modulation of angiogenesis in
general, or from specific anti-angiogenic drugs in particular
(Table 5).

Anti-angiogenic agents are biological response modifiers,
so it is likely that the key for a proper selection of the
patients potentially responsive to them is the characteris-
ation of the angiogenic activity of the tumour that is the tar-
get of their antitumoral effect [71].

1. Gasparini G, Pozza F, Harris AL. Evaluating the potential use-
fulness of new prognostic and predictive indicators in node-
negative breast cancer patients. § Nat Cancer Inst 1993, 85,
1206-1219.

2. Folkman ]. Clinical applications of research on angiogenesis. N
Engl ¥ Med 1995, 333, 1757-1763.

3. Weidner N, Semple JP, Welch WR, Folkman J. Tumor angio-
genesis and metastasis—correlation in invasive breast carci-
noma. N Engl ¥ Med 1991, 324, 1-8.

4. Horak ER, lLeek R, Klenk N, et al. Angiogenesis, assessed by
platelet/endothelial cell adhesion molecule antibodies, as indi-
cator of node metastases and survival in breast cancer. Lancer
1992, 340, 1120-1124.

5. Weidner N, Folkman J, Pozza F, et al. Tumor angiogenesis: a
new significant and independent prognostic indicator in early-
stage breast carcinoma. ¥ Natrl Cancer Inst 1992, 84, 1875-
1887.

6. Bosari S, Lee AKC, Delellis RA, Wiley BD, Heatley GJ,
Silverman MIL.. Microvessel quantification and prognosis in
invasive breast carcinoma. Hum Pathol 1992, 23, 755-~-761.

7. Visscher DW, Smilanetz S, Drozdowicz S, Wrykes SM.
Prognostic significance of image morphometric microvessel
enumeration in breast carcinoma. Anal Quant Cytol Histol
1993, 15, 88-92.

8. Van Hoef MEHN, Knox WF, Dhesi SS, Howell A, Schor AM.
Assessment of tumour vascularity as a prognostic factor in
lymph node negative invasive breast cancer. Eur F Cancer
1993, 29A, 1141-1145.

9. Khanuja PS, Gimotty P, Fregene T, George ], Pienta KJ.
Angiogenesis quantitation as a prognostic factor for primary
breast carcinoma 2 cms or less. In Salmon SE, ed. Adjuvant
Therapy of Cancer VII. Hagerstown, Maryland, Raven
Publishers, 1993, 226-232.

10. Obermair A, Czerwenka K, Kurz C, Buxhaum P, Schemper
M, Sevelda P. Influence of tumoral microvessel density on the

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

2491

recurrence-free survival in human breast cancer: preliminary
results. Onkologie 1994, 17, 44-49.

Ogawa Y, Chung Y-S, Nakata B, ez al. Microvessel quanti-
tation in invasive breast cancer by staining for factor VIII-re-
lated antigen. Br § Cancer 1995, 71, 1297-1301.

Hall NR, Fish DE, Hunt N, Goldin RD, Giillou PJ, Monson
JRT. Is the relationship between angiogenesis and metastasis in
breast cancer real? Surg Oncol 1992, 1, 223-2209.

Fox SB, Turner GDH, Leek RD, et al. The prognostic value of
quantitative angiogenesis in breast cancer and role of adhesion
molecular expression in tumor endothelium. Breast Cancer Res
Treatr 1995, 36, 219-226.

Costello P, McCann A, Carney DN, ez al. Prognostic signifi-
cance of microvessel density in lymph node negative breast car-
cinoma. Hum Pathol 1995, 26, 1196-1200.

Goulding H, Nik Abdul Rashid NF, Robertson JF, et al
Assessment of angiogenesis in breast carcinoma: an important
factor in prognosis? Hum Pathol 1995, 26, 1196-1200.

Siitonen SM, Haapasalo HK, Rantala IS, Helin H]J, Isola JJ.
Comparison of different immunohistochemical methods in the
assessment of angiogenesis: lack of prognostic value in a group
of 77 selected node-negative breast carcinomas. Modern Pathol
1995, 8, 745-752.

Toi M, Kashitani J, Tominaga T. Tumor angiogenesis is an
independent prognostic indicator in primary breast carcinoma.
Int ¥ Cancer 1993, 55, 371-374.

Gasparini G, Barbareschi M, Boracchi P, et al. Tumor angio-
genesis predicts clinical outcome of node-positive breast cancer
patients treated with adjuvant hormone therapy or chemother-
apy. Cancer ¥ Sci Am 1995, 1, 131-141.

Macaulay VM, Fox SB, Zhang H, er al. Breast cancer angio-
genesis and tamoxifen resistance. Endocrine-Rel Cancer 1995, 2,
97-103.

Bevilacqua P, Barbareschi M, Verderio P, er al. Prognostic
value of intratumoral microvessel density, a measure of tumor
angiogenesis, in node-negative breast carcinoma. Results of a
multiparametric study. Breast Cancer Res Treat 1995, 36, 205-
217.

Toi M, Inada K, Suzuki H, Tominaga T. Tumor angiogenesis
in breast cancer: its importance as a prognostic indicator and
the association with vascular endothelial growth factor ex-
pression. Breast Cancer Res Trear 1995, 36, 193-204.

Obermair A, Kurz C, Czerwenka K, er al. Microvessel density
and vessel invasion in lymph-node-negative breast cancer: effect
on recurrence-free survival. Int ¥ Cancer 1995, 62, 126-131.
Axelsson K, Ljung B-ME, More II DH, et al. Tumor angio-
genesis as a prognostic assay for invasive ductal breast carci-
noma. ¥ Natl Cancer Inst 1995, 87, 997-1008.

Gasparini G, Fox SB, Verderio P, ¢ al. Determination of
angiogenesis adds information to estrogen receptor status
in predicting the efficacy of adjuvant tamoxifen in node-
positive breast cancer patients. Clin Cancer Res 1996, 2,
1191-1198.

Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metastasis
and angiogenesis: an imbalance of positive and negative regu-
lation. Cell 1991, 64, 327-336.

Folkman J. Angiogenesis in cancer, vascular, rheumatoid and
other disease. Nature Medicine 1995, 1, 27-31.

Fidler IJ, Ellis LM. The implications of angiogenesis for the
biology and therapy of cancer metastasis. Cell 1994, 79, 185
188.

Brem SS, Gullino PM, Medina D. Angiogenesis: a marker for
neoplastic transformation of mammary papillary hyperplasia.
Science 1977, 195, 880-881.

Jensen HM, Chen I, DeValut MR, Lewis AE. Angiogenesis
induced by ‘“normal” human breast tissue: a probable marker
for precancer. Science 1982, 218, 293-295.

McLeskey SW, Kurebayashi J, Honig SF, et al. Fibroblast
growth factor 4 transfection of MCF-7 cells produces cell lines
that are tumorigenic and metastic in ovariectomized or tamoxi-
fen-treated athymic nude mice. Cancer Res 1993, 53, 2168
2177.

Costa M, Danesi A, Agen C, er al. MCF-10A cells infected
with the int-2 oncogene induce angiogenesis in the chick chor-
iollantoic membrane and in the rat mesentary. Cancer Res
1994, 54, 9-11.



2492

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

51.

Zhang H-T, Craft P, Scott PAE, er al. Enhancement of tumeor
growth and vascular density by transfection of vascular endo-
thelial cell growth factor into MCF-7 human breast carcinoma
cells. ¥ Natl Cancer Inst 1995, 87, 213-219.

Zajchowski DA, Band V, Trask DK, Kling D, Connolly JL,
Sager R. Suppression of tumor-forming ability and related
traits in MCF-7 human breast cancer cell by fusion with
immortal mammary epithelial cells. Cell Biol 1990, 87, 2314—
2318.

Volpert OV, Stellmach V, Bouck N. The modulation of throm-
bospondin and other naturally occurring inhibitors of angiogen-
esis during tumor progression. Breast Cancer Res Trear 1995, 36,
119-126.

Weinstat-Saslow DL, Zabrenetzky VS, VanHoutte K, Frazier
WA, Roberts DD, Steeg PS. Transfection of thrombospondin
1 complementary DNA into a human breast carcinoma cell
line reduces primary tumor growth, metastatic potential, and
angiogenesis. Cancer Res 1994, 54, 6504-6511.

Pierce DF, Gorska AE, Chytil A, er al. Mammary tumor sup-
pression by transforming growth factor $1 transgene ex-
pression. Proc Natl Acad Sci USA 1995, 92, 4254-4258.

Brem S8, Jensen HM, Gullino PM. Angiogenesis as a marker
of preneoplastic lesions of the human breast. Cancer 1978, 41,
239-244.

Guidi AJ, Fisher L, Harris JR, Schnitt SJ. Microvessel density
and distribution in ductal carcinoma in situ of the breast. ¥ Nazl
Cancer Inst 1994, 86, 614-619.

Guinebretiere JM, Monique GL, Gavoille A, Bahi J, Contesso
G. Angiogenesis and risk of breast cancer in women with fibro-
cystic disease. ¥ Natl Cancer Inst 1994, 86, 635-636.

Brooks PC, Stromblad S, Klemke R, Visscher D, Sarkar FH,
Cheresh DA. Anti-integrin avf3 blocks human breast cancer
growth and angiogenesis in human skin. ¥ Clin Invest 1995, 96,
1815-1822.

Friedlander M, Brooks PC, Shaffer RW, Kincaid CM, Varner
JA, Cheresh DA. Definition of two angiogenic pathways by dis-
tinct o, integrins. Science 1995, 270, 1500-1502.

Friedrichs K, Ruiz P, Franke F, Gille I, Terpe H-J, Imhof BA.
High expression level of %6 integrin in human breast carcinoma
is correlated with reduced survival. Cancer Res 1995, 55, 901-
906.

Hildenbrand R, Dilger I, Horlin A, Stutte HJ. Urokinase and
macrophages in tumour angiogenesis. Br ¥ Cancer 1995, 72,
818-823.

Contrino J, Hair G, Kreutzer DL, Rickles FR. In situ detection
of tissue factor in vascular endothelial cells: correlation with
the malignant phenotype of human breast disease. Nature Med
1996, 2, 209-216.

Seymour L, Bezwoda WR. Positive immunostaining for platelet
derived growth factor (PDGF) is an adverse prognostic factor
in patients with advanced breast cancer. Breast Cancer Res Treat
1994, 32, 229-233.

Toi M, Hoshina S, Taniguchi T, Yamamoto Y, Ishitsuka H,
Tominaga T. Expression of platelet-derived endothelial cell
growth factor/thymidine phosphorylase in human breast cancer.
Int ¥ Cancer 1995, 64, 79-82.

Toi M, Inada K, Hoshina S, Suzuki H, Kondo S, Tominaga
T. Vascular endothelial growth factor and platelet-derived en-
dothelial cell growth factor are frequently coexpressed in highly
vascularized human breast cancer. Clin Cancer Res 1995, 1,
961-964.

Yamamoto Y, Toi M, Kondo S, et al. Concentrations of vascu-
lar endothelial growth factor in the sera of normal controls and
cancer patients. Clin Cancer Res 1996, 2, 821-826.
Pennault-Llorca F, Bertucci F, Adelaide ], et al. Expression of
FGF and FGF receptor genes in human breast cancer. Int ¥
Cancer 1995, 61, 170-176.

Nguyen M, Watanabe H, Budson AE, Richie JP, Hayes
DF, Folkman J. Elevated levels of an angiogenic peptide,
basic fibroblast growth factor, in the urine of patients with
a wide spectrum of cancers. ¥ Natl Cancer Inst 1994, 86,
356-361.

Taniguchi T, Toi M, Inada K, Imazawa T, Yamamoto Y,
Tominaga T. Serum concentrations of hepatocyte growth fac-
tor in breast cancer patients. Clin Cancer Res 1995, 1, 1031-
1034.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64,

65.

66.

67.

68.

69.

70.

71.

72.

73.

G. Gasparini

Toi M, Hoshima S, Takayanagi T, Tominaga T. Association
of vascular endothelial growth factor expression with tumor
angiogenesis and with early relapse in primary breast cancer.
Fon ¥ Cancer Res 1994, 85, 1045-1049,

McCulloch P, Choy A, Martin L. Association between tumour
angiogenesis and tumour cell shedding into effluent venous
blood during breast cancer surgery. Lancer 1995, 346, 1334—
1335.

O’Reilly MS, Holmgren I, Chen C, Folkman J. Angiostatin
induces and sustains dormancy of human primary tumors in
mice. Nature Med 1996, 2, 689-692.

Bevilacqua P, Boracchi P, Gasparini G. Prognostic indicators
for early-stage breast carcinoma—Part II: Value of cathepsin D
expression, detected by immunocytochemistry. A multipara-
metric study, Int ¥ Oncol 1994, §, 559-564.

Gasparini G, Bevilacqua P, Boracchi P, er al. Prognostic
value of p53 expression in early-stage breast carcinoma
compared with tumour angiogenesis, epidermal growth factor
receptor, c-erbB-2, cathepsin D, DNA ploidy, parameters of
cell kinetics and conventional features. Int ¥ Oncol 1994, 4,
155-162.

Gasparini G, Harris AL. Clinical importance of the determi-
nation of tumor angiogenesis in breast carcinoma; much
more than a new prognostic tool. ¥ Clin Oncol 1995, 13,
765-782.

Vermeulen PB, Gasparini G, Fox SB, ¢z al. Quantification of
angiogenesis in solid human tumours: an international consen-
sus on the methodology and criteria of evaluation. Eur ¥ Cancer
1996, 32A, 2474-2484.

Barbareschi M, Weidner N, Gasparini G, ez al. Microvessel
density quantification in breast carcinoma. Assessment by light
microscopy vs. a computer-aided image analysis system. Appl
Immunohistochem 1995, 3, 75-84.

Gasparini G, Weidner N, Bevilacqua P, e al. Tumor microves-
sel density, p533 expression, tumor size and peritumoral lym-
phatic vessel invasion are relevant prognostic markers in node-
negative breast carcinoma. ¥ Clin Oncol 1994, 12, 454-466.
Gasparini G, Barbareschi M, Boracchi P, er al. 67 kDa lami-
nin-receptor expression adds prognostic information to intra-
tumoral microvessel density in node-negative breast cancer. Int
¥ Cancer 1995, 60, 604—610.

Gasparini G. Tumor angiogenesis as a prognostic assay for
invasive ductal breast carcinoma (letter). ¥ Natl Cancer Inst
1995, 87, 1799-1801.

Fox SB, Westwood M, Moghaddam A, et al. The angiogenic
factor platelet-derived endothelial cell growth factor/thymidine
phosphorylase is up-regulated in breast cancer epithelium and
endothelium. Br ¥ Cancer 1996, 73, 275-280.

Fox SB, Gatter KC, Bicknell R, er al. Relationship of endo-
thelial proliferation to tumor vascularity in human breast can-
cer. Cancer Res 1993, 53, 4161-4163.

Vartanian RK, Weidner N. Correlation of intratumoral endo-
thelial cell proliferation with microvessel density (tumor angio-
genesis) and tumor cell proliferation in breast carcinoma. Am ¥
Pathol 1994, 144, 1188-1194.

Duffy M]. Proteases as prognostic markers in cancer. Chn
Cancer Res 1996, 2, 613~618.

Barbareschi M, Gasparini G, Morelli L, Forti S, Dalla Palma
P. Novel methods for the determination of the angiogenic ac-
tivity of human tumors. Breast Cancer Res Trear 1995, 36, 181—
192.

Gasparini G. Quantification of intratumoral vascularisation pre-
dicts metastasis in human invasive solid tumours. Oncol Rep
1994, 1, 7-12.

Gasparini G. Angiogenesis in preneoplastic and neoplastic
lesions. Cancer ¥ 1995, 8, 91-93.

Gasparini G. Biological and clinical role of angiogenesis in
breast cancer. Breast Cancer Res Treat 1995, 36, 103-107.
Gasparini G, Presta M. Clinical studies with angiogenesis in-
hibitors: biological rationale and challenges for their evaluation.
Ann Oncol 1996, 7, 441-444,

Gasparini G. The role of angiogenesis in tumour progression of
breast cancer. In Calvo F, Crépin M, Magdelenat H, eds.
Breast Cancer. Advances in Biology and Therapeutics. Montrouge,
John Libbey Eurotext, 1996, 167-173.

Watson SA, Morris TM, Robinson G, Crimmin M], Brown
PD, Hardcastle JD. Inhibition of organ invasion by the matrix



74.

75.

Angiogenesis in Breast Cancer 2493

metalloproteinase inhibitor batimastat (BB-94) in two human
colon carcinoma metastasis models, Cancer Res 1995, 5§,
3629-3633.

Kim KJ, Li B, Winer J, ez al. Inhibition of vascular endothelial
growth factor-induced angiogenesis suppresses tumour growth
in vivo. Nature 1993, 362, 841-844.

Hori A, Sasada R, Matsutani E, et al. Suppression of solid
tumor growth by immunoneutralizing monoclonal antibody

against human basic fibroblast growth factor. Cancer Res
1991, 51, 6180-6184.

Acknowledgements—I wish to thank the following Italian col-
leagues for having collaborated in the studies on angiogenesis (in
alphabetical order): M. Barbareschi, P. Bevilacqua, E. Bonoldi, P.
Boracchi, P. Dalla Palma, S. Dante, S. Meli and P. Verderio; and
D. Mazzocco for typing and preparation of the manuscript.



