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Summary 

In the present study we update previous results on the prognostic value of intratumoral microvessel density 
(IMD), determined immunocytochemically using the monoclonal antibody CD-31 and a standard 
streptavidin-immunoperoxidase technique, published in the J Clin Oncol 12:454-466, 1994. This study 
was undertaken in those 211 node-negative breast cancer (NNBC) cases of that series of which we had 
pathological material available to determine all the prognostic indicators. The median period of follow-up 
has been extended to 78 and 80 months for relapse-free survival (RFS) and overall survival (OS), 
respectively, and new biological indicators (i.e. Ki-67 labeling and 67 kDa laminin receptor expression) 
were included in the analysis. 

The main results obtained are: i) a confirmation that IMD is not associated with the other biological 
markers studied, i.e. expression of p53 protein, c-erbB-2 protein, 67 kDa laminin receptor, and cell 
kinetics; IMD was weakly associated only with histological grade (p=0.053); ii) IMD remains a highly 
significant prognostic factor for RFS and OS (p<0.0001 and p=0.018, respectively) in univariate analysis; 
iii) in multivariate analysis on RFS, IMD (likelihood ratio test (LRT)=30.16; p<0.0001), 67 kDa laminin 
receptor (LRT=9.80; p=0.0017), the IMD/67 kDa laminin receptor interaction (LRT=8.62; p=0.0033), 
tumor size (LRT=8.56; p=0.0034), and p53 protein (LRT=4.96; p=0.025) are significant and independent 
prognostic indicators. For OS, only tumor size (LRT=8.34; p=0.0038), menopausal status (LRT=5.16; 
p=0.023), p53 protein (LRT=4.37; p--0.036), and IMD (LRT=4.05; p=0.044) retain a significant and 
independent prognostic value. 

The results of this study confirm the prognostic importance on RFS of the variables previously tested, 
but not of peritumoral lymphatic vessel invasion. A novel finding is that 67 kDa laminin receptor and the 
IMD/67 kDa laminin receptor interaction are also significant and independent variables. For OS, the 
results confirm that both IMD and tumor size are significant and independent variables. With prolonged 
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follow-up the novel finding that emerges is the prognostic importance of menopausal status and p53 
protein. 

This new information could be useful for a more accurate selection of high-risk NNBC patients who 
require careful follow-up and may benefit from adjuvant therapy. 

Introduction 

Angiogenesis is a highly controlled process in 
normal tissues of the adult, being regulated by 
angiogenic peptides and natural angiogenesis 
inhibitors. Physiologically the inhibitory pathway 
predominates [1]. In contrast, solid tumors may 
stimulate formation of new vessels in the stroma, 
and there is growing evidence that both tumor 
growth and metastasis are angiogenesis-dependent 
[2,3]. During tumor progression the switch from 
the avascular to the vascular phase may be the 
result of decreased production of natural inhibitors 
[4] or of increased secretion of angiogenic factors 
[5,6]. This phenomenon is regulated by complex 
cellular [7-9], biochemical [10-11], and genetic 
[4,12-14] mechanisms. 

Furthermore, endothelial cells may secrete 
growth factors and cytokines that stimulate 
growth of neoplastic cells by a paracrine system 
[15]. Thus, a reciprocal stimulation may operate 
between stromal intratumoral endothelial cells and 
the tumor parenchymal cells. 

There is mounting evidence that angiogenesis 
plays a relevant role in the processes of trans- 
formation and progression of solid tumors. In 
fact, the acquisition of the angiogenic property 
is generally accompanied by enhanced tumor 
growth, progression, and metastasis in some ex- 
perimental models [16-I 8]. 

Based on this biological background, several 
studies have evaluated the clinical significance of 
the determination of tumor angiogenesis in breast 
cancer [19] as well as in other solid tumors [20, 
21], and most of the authors found that intra- 
tumoral microvessel density (IMD) is associated 
with metastasis and clinical outcome. 

The aim of the present study is to update our 
previous study published in the Journal of  
Clinical Oncology [22] by: 1) adding to the 

determination of IMD novel biological markers, 
to study their relationship and prognostic value in 
a multivariate statistical analysis; and 2) ex- 
tending the median period of observation of the 
series up to 6.5 years. 

Patients and methods 

The eligibility criteria for the inclusion of 
node-negative breast cancer patients, the surgical 
therapy, and the postoperative follow-up schedule 
were the same as those previously reported [22]. 
For the purpose of this study we evaluated only 
those 211 cases for which we had sufficient path- 
ologic material to determine all the biological 
markers. The main pathologic characteristics of 
this series are shown in Table 1. 

lmmunocytochemical determinations 

IMD 
Intratumoral microvessels were identified by 
immunostaining in formalin-fixed, paraffin- 
embedded sections with anti-CD31 monoclonal 
antibody (clone JC/70A; Dakopatts A/S, Glostrup, 
Denmark) in a 1:200 dilution and incubating 
overnight [22]. H&E-stained sections were used 
to select areas representative of the invasive 
tumor component, and IMD was determined as 
previously described by Weidner et al [23]. 
Briefly, in the area of most intense neovas- 
cularization (hot spot), individual microvessel 
counts were first made on a 400 x field. Any 
brown-staining endothelial cell clearly separate 
from adjacent microvessels, tumor cells, and other 
connective-tissue elements was considered a 
single, countable microvessel. Immunocytochem- 
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Table 1. Association of IMD with the other pathobiological variables tested 
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Variable N°of IMD IMD K a p value 
tumors median (mean) range 

Histotype 0.60 0.85 
ductal 165 84 (89.2) 15-222 
lobular and others 46 80 (90.5) 8-244 

Tumor size 0.57 0.89 
pTl 132 80 (89.2) 20-244 
pT2-3 79 84 (89.9) 8-220 

Grading 1.34 0.053 
GI-II 148 79 (85.0) 15-244 
GIII 63 90 (99.9) 8-220 

PLVI 0.79 0.55 
- 186 83 (90.7) 8-244 
+ 25 72 (80.5) 28-220 

ER-ICA b 0.67 0.74 
+/++ 155 80 (87.5) 8-244 
- 50 87 (93.5) 23-220 

PgR-ICA b 0.76 0.60 
+/++ 125 82 (89.5) 8-224 
- 80 80 (88.0) 15-220 

c-erbB-2 0.52 0.94 
- 160 83 (89.0) 8-244 
+ 51 80 (90.9) 24-222 

p53 c 1.13 0.15 
- 156 80 (87.9) 15-244 
+/++ 54 91 (95.3) 8-215 

a by the Kolmogorov-Smirnov test; b data available for 205 cases; c data available for 210 cases. 

ical stains for microvessels were performed by 
P.B. at the Institute of Pathology of St Bortolo 
Regional Medical Centre, Vicenza, by P.D.P. at 
the Institute of Pathology of St Chiara Regional 
Medical Centre, Trento, and by N.W. at the De- 
partment of Pathology, University of California, 
San Francisco. All of the immunostained slides 
were evaluated and the microvessels counted in a 
0.74-mm 2 area (i.e. 200 x field) at the University 
of California, San Francisco, by N.W. Approxi- 
mately 5 to 10 minutes is required to perform the 
microvessel count. While counting microvessels, 
N.W. had no knowledge of the results of the other 
prognostic factors and/or clinical outcomes. For 
the purpose of this study, IMD was assessed as a 
continuous variable. 

p53 protein 
Staining for the p53 protein was performed using 
the monoclonal antibody anti-p53 pAb 1801 
(Oncogene Science Inc, Uniondale, NY), using a 
previously published method [22]. Briefly, 
formalin-fixed, paraffin-embedded 5-1am sections 
were rehydrated and incubated overnight at 4°C 
with the primary antibody diluted to 1:200. Bio- 
tinylated antimouse IgG (1:100) and a complex of 
streptavidin and biotinylated peroxidase (1:100) 
were added in sequence, followed by 3,3'-di- 
aminobenzidine tetrahydrochloride development. 
Negative controls consisted of omission of the 
primary antibody. Positive controls were sections 
of squamous cell carcinomas known to have p53 
gene mutations and p53 protein accumulation. 
Staining was evaluated by a semiquantitative 
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method as follows: (-) = negative, (+) = hetero- 
geneous and moderate nuclear staining (<10%), 
and (++)= strong and diffuse nuclear labeling 
(>10%). 

c-erbB-2 protein 
This was determined on 5-1arn sections of routine 
formalin-fixed, paraffin-embedded blocks, using 
the polyclonal antibody 21N and the immunocyto- 
chemical method previously published [22]. Posi- 
tive controls included breast carcinomas known to 
exhibit high levels of protein. Negative controls 
were obtained by omission of the primary anti- 
body. For the purpose of this study and accord- 
ing to the criteria of Wright et al [24], only 
individual tumors with membrane staining in at 
least 50% of the tumor cells were reported as 
positive. Diffuse cytoplasmic staining was 
ignored. 

67 kDa laminin receptor (LRec) 
The monoclonal antibody MLuC5 directed to the 
67 kDa LRec was used [25]. The immunoperox- 
idase test was carried out on formalin-fixed, 
paraffin-embedded sections with the use of 
purified MLuC5 (10 pg/ml) and the avidin-biotin- 
peroxidase complex (Vector Laboratories, Burl- 
ingame, California) using the same method 
adopted by Martignone et al [26]. One 5-1am 
section for each carcinoma was examined, and the 
presence of LRec was estimated by counting the 
number of labeled cancer cells and was expressed 
as a percentage of the total number of cancer cells 
examined (at least 1,000 cells per case) by 2 
independent observers. 

Control slides were prepared by using pre- 
immune rabbit immunoglobulins instead of the 
specific antibody. 

Cell kinetics by the Ki-67 antibody 
This was assessed in 5~ma frozen sections of 105 
tumors using the Ki-67 monoclonal antibody 
developed by Gerdes et al [27] purchased from 
Dako, Ltd, Glostrup, Denmark. The primary 
antibody was diluted 1:50 for 60 minutes and then 
tissue sections were incubated with avidin-bio- 

tinylated horseradish peroxidase complex (Vector 
Lab, Burlingame, CA) for 30 minutes as previous- 
ly reported [28]. 

ER and PgR expression 
ERs were analyzed using the monoclonal anti- 
receptor antibody H-222 Sp2~t with a kit pur- 
chased from Abbott Diagnostic (Abbott Labs, 
North Chicago, IL). Sections were analyzed for 
PgR using the rat monoclonal antireceptor 
antibody immunoglobulin G (IgG) KD-68 with a 
kit assay purchased from Abbott Diagnostics. 

For both assays, a negative control was 
established by replacing the primary antibody 
with normal rat IgG. As positive controls, a 
known ER- and PgR-positive specimen was incu- 
bated with the sections to be evaluated. At least 
500 cells were counted from each tumor. Tumors 
were classified ER- or PgR-positive if at least 
10% of cells showed nuclear staining and the 
results quantitated (1+ = heterogeneous and 
moderate staining with <30% of cells positive; 
2+ = strong staining and >30% cells positive). 

Statistical analysis 

The relationship between IMD and the other 
continuous variables (LRec and Ki-67 labeling) 
was analyzed by means of the Spearman' s coeffi- 
cient. The distribution of IMD within the 
modalities of each of the other variables con- 
sidered as dichotomous was compared by the 
Kolmogorov-Smirnov test. Since Ki-67 determin- 
ation was done in only 105 tumors, this variable 
was not considered in survival analysis. 

The patterns of OS and RFS were estimated by 
means of the product limit method (Kaplan- 
Meier) on the basis of a 6-year follow-up period. 

The role of each of the prognostic variables 
(univariate analysis) and their j o in t  effect 
(multivariate analysis) on OS and RFS was 
evaluated using a log-logistic regression model 
where each regression coefficient is the log of the 
odds ratio (OR) and is constant in time [29]. 
IMD and LRec were analyzed as continuous vari- 
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Figure 1. Lack of association between IMD and Ki-67 in 
105 evaluable tumors. Both variables are considered 
continuous (Spearman's coefficient = 0.320). 

using a backward selection procedure. In this 
procedure the contribution of each variable was 
evaluated by the likelihood ratio test (LRT). In 
the final model are considered only those vari- 
ables with LRT p values<0.05. 

Since the variables are not independent the re- 
suits of univariate and multivariate analysis could 
be different. For this reason all the variables that 
were not statistically significant in univariate 
analysis were singly added in the final regression 
model to avoid neglecting an important prognostic 
factor. 

In univariate and multivariate analysis for each 
variable, we considered the reference category to 
be that with the putative better prognosis. 

Statistical analysis was performed using the 
Statistical Analysis System package (SAS Insti- 
tute, Cary, NC). 

R e s u l t s  

Intratumoral Microvessel Density (IMD) and its 
association with the other indicators 

ables. The use of a continuous variable (in its 
original measurement scale) in a log-logistic 
regression model requires a log-linear relationship 
between the variable and OR. The assumption of 
log-linearity was investigated with the method of 
Andersen et al [30]. For OS odds are the 
probability of dying over the probability of 
surviving; for RFS odds are the probability of 
relapsing over the probability of remaining 
disease-free. In the multivariate analysis are 
considered all those variables with OR signif- 
icantly different from 1.0 in the univariate 
analysis, and the interaction terms considered 
biologically relevant (IMD and LRec, IMD and 
ER, and IMD and PgR). In univariate and multi- 
variate analysis, for each regression coefficient, 
the null hypothesis [3=0 (OR=l) was tested by 
Wald statistics. Starting with an initial model 
containing all the variables mentioned above, 
a final more parsimonious model was obtained 

The distribution of the IMD has already been re- 
ported [22]. The present study, which includes 
novel variables such as the expression of the 
LRec and the determination of cell kinetics (done 
only in 105 cancers), confirms that IMD is not 
significantly associated with the other biological 
markers [22] (Table 1). 

In particular, there was a poor linear relation- 
ship between IMD and Ki-67 (Spearman's coeffi- 
cient = 0.320) (Figure 1), and between IMD and 
LRec (Spearman's coefficient = 0.144) (Figure 2). 
The only significant association observed was 
between IMD and histologic grade (Kolmogorov- 
Smirnov K'=1.34; p=0.053). In fact, GIII tumors 
had higher values of IMD than those GI-II. 

Univariate analysis 

The median follow-up of the patients has been 
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Figure 2. Lack of association between IMD and 67 kDa 
laminin receptor in 211 evaluable tumors. Both variables 
are considered continuous (Spearman's coefficient = 0.144). 

extended to 78 and 80 months for RFS and OS, 
respectively. The probability of RFS and OS of 
this series of  NNBC at 6 years was 74% and 
84%, respectively. During the period of observa- 
tion 31 patients died, 21 due to tumor progression 
and 10 due to causes other than breast cancer. 53 
cases developed a recurrence. 

This study with prolonged follow-up confirms 
that IMD is a significant prognostic indicator for 
both RFS and OS when evaluated as a continuous 
variable (p<0.0001 and p=0.018, respectively) 
(Figure 3a,b) as well as a dichotomous variable 
(data not shown). The other variables found to be 
statistically significant for RFS were: tumor size 
(p=0.0019), p53 protein expression (p=0.0033), 
and PgR status (p=0.033). Moreover, LRec ex- 
pression approached significance (p=0.072) (Table 
2). 

As far as OS is concerned, p53 protein expres- 
sion (p=0.00099), tumor size (p=0.0045), and 
menopausal status (p=0.038) were significantly 
prognostic. Again, LRec approached significance 
(p=0.093) (Table 3). 
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(a) 6-year RFS according to IMD as a continuous variable (number of microvessels per 0.74 mm 2 or 200X 
microscopic field), p<0.0001; (b) 6-year OS according to IMD as a continuous variable, p=0.018. 
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Variable OR 95% CI ~2 p value 

Menopausal status 
post vs pre/peri* 0.77930 

Histotype 
ductal vs lobular & others* 0.63566 

Tumor size 
pT1 vs pT2-3* 2.80571 

Grading 
GI-II vs GIII* 1.58998 

PLVI 
neg vs pos* 1.86194 

ER-ICA 
+/++ vs -* 1.79873 

PgR-ICA 
+/++ vs -* 2.00323 

IMD 
continuous variable 1.01734 

c--erbB-2 
neg vs pos* 1.82039 

p53 
- vs +/++* 2.76020 

Laminin receptor 
continuous variable 1.01557 

0.3965 - 1.5128 0.5661 0.45180 

0.2766- 1.4446 1.2142 0.27050 

1.4902 - 5.4834 9.5950 0.00195 

0.8157 - 3.1594 1.8979 0.16832 

0.7957 - 4.4236 2.1031 0.14700 

0.8877 - 3.7523 2.6875 0.10114 

1.0568 - 3.9007 4.4985 0.03392 

1.0107- 1.0247 22.6803 <0.0001 

0.9071 - 3.7210 2.8761 0.08990 

1.4240 - 5.5814 8.6134 0.00334 

0.9985- 1.0334 3.2340 0.07213 

Abbreviations: OR=odds ratio; CI=confidence interval; *higher risk category 

Since Ki-67 labeling results were available only 
in half  of  the series, this variable was excluded 
from survival analyses. 

Multivariate analysis 

In the initial model we considered all the 
variables with OR significantly different from 
1.00 in univariate analysis, plus the following 
interaction terms: IMD and LRec, IMD and ER, 
IMD and PgR. The results of  the final model are 
reported in Table 4. 

For RFS, the interaction term between IMD 
and LRec was statistically significant (p<0.01). 
OR for the interaction term was less than 1.00. 
However,  in this regression model the variables 
act in a multiplicative way on the odds and the 
joint prognostic effect of  IMD and LRec was 

similar to that obtained considering the products 
of  the single effects of  IMD and LRec. For 
example, if we consider an increment of  10 ves- 
sels in IMD and of  10 percent in LRec, the OR is 
2.436, whereas when the interaction term between 
the two variables is also allowed the resulting OR 
value is 2.315. So, although statistically signif- 
icant, the interaction term between IMD and LRec 
does not seem to add relevant prognostic infor- 
mation. 

For RFS, both IMD (LRT,)~2=30.16;  p 
<0.0001) and LRec (LRT, ~2=9.80; p=0.0017) 
were statistically significant. The other prognos- 
tic factors were, in order of statistical signifi- 
cance, tumor size (LRT, ~2=8.56, p=0.0034) and 
p53 (LRT, Z2=4.96; p=0.025). 

For OS, tumor size was the most significant 
independent variable in predicting death (LRT, 
~2=8.34, p=0.0038). The odds of  death were 3.13 
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Table 3. Univariate analysis of OS at 6 years 

Variable OR 95% CI X 2 p value 

Menopausal status 
post vs pre/peri* 0.37682 0.1461 -0.9430 

Histotype 
ductal vs lobular and others* 1.53415 0.6521 - 3.6469 

Tumor size 
pT1 vs pT2-3* 3.26660 1.5023 - 7.4066 

Grading 
GI-II vs GIII* 1.35232 0.6026 - 3.0713 

PLVI 
neg vs pos* 1.28883 0.4280 - 3.9076 

ER-ICA 
+/++ vs -* 1.66890 0.7239 - 3.9302 

PgR-ICA 
+/++ vs -* 1.40491 0.6437 - 3.1333 

IMD 
continuous variable 1.00919 1.0017 - 1.0171 

c-erbB-2 
neg vs pos* 0.99511 0.4010 - 2.4753 

p53 
- vs +/++ 2.86527 1.3194 - 6.5395 

LRec 
continuous variable 1.01627 0.9970- 1.0363 

4.2981 

1.0338 

8.0622 

0.5811 

0.2239 

1.5297 

0.7839 

5.5624 

0.0001 

6.6510 

2.8623 

0.03816 

0.30926 

0.00452 

0.44588 

0.63604 

0.21615 

0.37595 

0.01835 

0.99112 

0.00099 

0.09332 

Abbreviations: OR=odds ratio; CI=confidence interval; *higher risk category 

times higher in those patients with pT2-3 tumors 
than in those with pT1 tumors. The other most 
significant independent prognostic factors were, 
in order of statistical significance: menopausal 
status (LRT, Z2=5.16, p=0.023); p53 protein 
expression (LRT, Z2=4.37, p=0.036) and IMD 
(LRT, ~2= 4.05, p=0.044) (Table 4). 

Discussion 

A marker of angiogenesis meets the first require- 
ment of McGuire 's  guidelines for new prognos- 
ticators in early-stage breast cancer, namely a 
clear biological role in the processes of trans- 
formation, progression, and/or metastasis [31]. 
About 20 years ago, Gimbrone and Gullino [32] 
first demonstrated, using an experimental model 
of chemically induced mammary papillary hyper- 

plasia of ductal origin, that papillomas serially 
transplanted may transform to mammary carcin- 
omas after having acquired angiogenic activity. 
Subsequently, this observation was reproduced in 
human pathology [33], and Jensen et al [34] 
found that normal lobules from patients with 
invasive ductal carcinoma have a significantly 
higher angiogenic activity than those from non 
cancerous mammary glands. More recently, 
Weidner et al [23] and Guidi et al [35] found that 
a percentage of in situ ductal carcinomas have a 
pattern of vascularization. They suggested that 
the in situ lesions associated with higher angio- 
genesis may be those at higher risk of progression 
to invasive carcinomas. 

Experimental studies performed in some hu- 
man breast cancer cell lines have demonstrated 
that different angiogenic peptides play a role 
in transformation [36,37], progression [38], and 
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Variable OR 95% CI Wald statistic LRT 

Z 2 p value Z 2 p value 

Recurrence-free survival 

IMD 1.02373 1.0152-1.0334 25.9049 <0.0001 30.1611 <0.0001 
continuous variable 

p53 2.35634 1.1169-5.1818 5.0099 0.02520 4.9656 0.02585 
- vs +/++* 

LRec 1.06777 1.0212-1.1191 7.9837 0.004720 9.8009 0.001744 
continuous variable 

IMD/LRec 0.99949 0.9990-0.9999 5.9505 0.01471 8.6246 0.003317 
interaction 

Tumor size 2.82499 1.4151-5.9677 8.3855 0.003782 8.5645 0.003428 
pT1 vs pT2-3* 

Overall survival 

IMD 1.00801 1.0000-1.0163 3.8535 0.04964 4.0509 0.04414 
continuous variable 

p53 2.35440 1.0460-5.5272 4.2415 0.03947 4.3771 0.03642 
- vs +/++* 

Tumor size 3.13008 1.4030-7.3562 7.2127 0.00723 8.3431 0.003871 
pT1 vs pT2-3* 

Menopausal status 0.36662 0.1369--0.9489 4.2350 0.03959 5.1657 0 . 0 2 3 0 3  

post vs pre/peri* 

Abbreviations: OR=odds ratio; CI=confidence interval; LRT=likelihood ratio test; *higher risk category 

metastasis [39] of this neoplasm. In an elegant 
study, Zajchowski et al [40] observed that over- 
expression of thrombospondin, a potent natural 
angiogenesis inhibitor, suppresses the tumorigenic 
capability of somatic hybrid cells obtained by 
fusion of the MCF-7 human breast cancer line 
with immortalized human normal mammary epi- 
thelial cells. Thus, angiogenesis is necessary for 
breast cancer progression and, as observed in 
other solid tumors, the switch from the avascular 
to the vascular phase seems to be an early event, 
generally accompanied by rapid primary tumor 
growth and metastasis [16-18]. 

Weidner et al [23] first demonstrated the poten- 
tial clinical usefulness of the determination of 
angiogenic activity, measured by counting intra- 
tumoral microvessels using a specific marker for 
vascular endothelial cells (factor VIII-related 

antigen), in a small series of breast cancer 
patients. As recently reviewed [19], from 1992 to 
1994 13 subsequent clinico-pathological indepen- 
dent retrospective studies correlating vascular 
index and prognosis of patients with operable 
breast carcinoma were published. Overall, 2396 
cases were evaluated, 1814 in 11 "pilot" and 582 
in 2 "confirmatory" studies. The terms "pilot" 
and "confirmatory" prognostic study follow the 
guidelines recently proposed by Gasparini et al 
[41]. The majority of the authors confirmed a 
significant association between vascularization 
and axillary lymph nodes and/or distant meta- 
stasis, and they found that IMD is a significant 
prognostic indicator for RFS (8 of 12 studies) and 
OS (6 of 8 studies) [19]. Furthermore, another 
three studies [42-44], which evaluated angiogenic 
activity using biochemical methods by measuring 
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intratumoral concentrations of plasminogen acti- 
vator inhibitor-1 (PAI-1), demonstrated that high 
levels of PAI-1 were associated with poor prog- 
nosis in breast cancer. Similarly, two studies per- 
formed by the Folkman group found that levels of 
basic fibroblast growth factor, a potent angiogenic 
peptide, in serum [45] or urine [46] were associ- 
ated with clinical outcome and the "status" of the 
disease. 

Overall, even if the optimum method to assess 
angiogenic activity in human pathology has not 
yet been identified, several clinical studies have 
confirmed experimental findings that elevated 
angiogenesis is associated with tumor biological 
aggressiveness and that it is a marker of poor 
clinical outcome. 

The present study, performed in a series of 
NNBC patients with a median follow-up of 6.5 
years, gives more details on the biological and 
clinical significance of the determination of 
intratumoral vascularization in node-negative 
breast cancer. First of all, we confirm [22,47] 
that IMD is not associated with the other patho- 
biological markers of emerging importance in 
breast cancer such as p53 protein, c-erbB-2 pro- 
tein, 67 kDa laminin receptor, hormone receptors, 
and cell kinetics parameters [22,47,48]. 

These results are consistent with those obtained 
in our first study performed in another series of 
165 stage I-II operable breast cancers [49-51 ], and 
with our biological knowledge on the role of the 
other endocrine, autocrine, and genetic factors 
implicated in the multi-step processes of trans- 
formation and progression of human breast cancer 
[52]. Secondly, the results of the univariate 
analysis on RFS and OS at 6 years demonstrated 
that the magnitude of the prognostic value of the 
determination of tumor angiogenesis remains sim- 
ilar to that found after 5 years [22]. 

Last but not least, the results of the multivariate 
analysis showed that IMD is the strongest 
significant and most independent prognosticator 
for RFS in a statistical model including other 4 
variables, and that it retains an independent 
prognostic value for OS also when p53 protein, 
tumor size, and menopausal status are considered 

in the statistical model. 
Besides these confirmatory results on the 

prognostic value of IMD, we found that the 
determination of the expression of p53 protein, 67 
kDa laminin receptor, and tumor size adds in- 
dependent prognostic information for RFS, and 
that p53 protein expression, tumor size, and 
menopausal status add independent prognostic 
information for OS. 

As far as the prognostic contribution of the 
expression of 67 kDa laminin receptor is con- 
cerned, we have reported elsewhere that the 
co-determination of IMD and of this marker 
enhanced the prediction of clinical outcome in a 
series of 171 NNBC, particularly among those 
patients with low vascularized carcinomas [53]. 

However, for PLVI the prognostic value [22] 
was not confirmed in the present study. 25 
tumors were PLVI-positive out of a total of 233 
(10.7%) in the study previously reported [22] and 
25 out of 211 assessable cancers (11.8%) in the 
present study. It is unlikely that the small 
difference in the percentage of PLVI-positivity 
between the two studies could be responsible for 
the different prognostic result observed for this 
factor. In our series, the prognostic significance 
of PLVI on RFS seems to decrease when the 
period of follow-up observation is extended. 

In conclusion, this multiparametric study re- 
porting the prognostic value of some pathobiolog- 
ical markers in a series of NNBC patients with a 
sufficiently long period of observation gives 
evaluable information useful for identifying those 
patients at high risk. This study should not be 
considered as conclusive, but it could constitute 
the basis for the choice of those markers which 
merit re-evaluation in a future larger multicentric 
study using a sophisticated neural network statis- 
tical analysis and involving a sufficiently large 
number of cases. This needs to be planned to 
obtain a reliable identification of those prognosti- 
cators which are effectively able to stratify 
subgroups of NNBC patients at different risk for 
whom different postsurgical therapeutic strategies 
may be indicated. 
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