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Introduction

Breast cancer is one of the most common malignances
worldwide. According to the 2008 cancer statistics, in the
United States breast cancer is the most common female
cancer and the second frequent cause of cancer death in
women [1]. Nonetheless overall breast cancer mortality
rates have declined – a phenomenon that is partly attrib-
uted to the widespread application of adjuvant systemic
therapy [2]. Adjuvant therapy refers to the use of
endocrine therapy, chemotherapy, and/or trastuzumab (a
humanized monoclonal antibody directed against HER2)
after primary surgery. The choice regarding which of the
aforementioned therapies will be used/combined depends
on both clinicopathologic factors as well as tumor hor-
mone receptors and HER2 status [3]. Although the use of
adjuvant therapy is fully recommended for patients with
lymph node involvement, its efficacy on node-negative
tumors remains controversial [4, 5]. The need for more
reliable prognostic factors that could help select those
patients with early-stage breast cancer, who would most
likely benefit from adjuvant therapy, triggered the onset
of various studies [6]. During the last few years the use of
genomic technology for the analysis of breast tumor sam-
ples has gained increasing attention [7, 8]. As a result of
gene-expression analyses, four major molecular classes
have emerged: luminal-A, luminal-B, basal-like, and
human epidermal growth factor receptor (HER)-positive
cancers [9]. Immunohistochemistry appears to be an

acceptable method, at least partly, able to discriminate
between these molecular subclasses. The basal-like sub-
type is characterized by negativity for estrogen receptor
(ER), progesterone receptor (PR), and HER2 (triple-neg-
ative TN) and is associated with aggressive histology and
poor prognosis [10, 11]. Although only about 85% of TN
breast cancers are deemed to be basal-like, the TN pheno-
type has become a commonly used proxy for this subtype
[10]. During the last decade various researchers have
commented on the possible clinical implications of this
certain phenotype; nevertheless, current data remain
inconclusive [12-14]. We conducted a study in order to
further elucidate the association of triple negativity with
patients’ and tumor characteristics in node-negative inva-
sive breast carcinomas.

Methods

We retrospectively analyzed the archival pathology tissues of
529 patients with breast cancer diagnosed and treated at the First
Department of Surgery of the Hippokration Hospital, the
Second Department of Surgery of the 417 Military Veterans’
Fund Hospital and the Breast Surgical Unit of the IASO General
Clinic between 1999 and 2006. All patients with node-negative
invasive mammary carcinomas and adequate results of immuno-
histochemistry for hormone receptors and HER2 were included
in the study. 

Patients having node-positive disease (n = 209) or being his-
tologically diagnosed with in situ carcinomas (n = 27) or sarco-
mas (n = 2) were excluded. From the remaining 291 patients,
131 were excluded because of insufficient data and the remain-
ing 160 patients constituted our study group. The following fac-
tors were evaluated: patient age at diagnosis, tumor size, and
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grade, as well as ER, PR and HER2 status. Furthermore, in a
subgroup of patients we were able to collect data regarding
tumor mitotic activity (93 patients) and expression of the epider-
mal growth factor receptor (EGFR) (50 patients), bcl-2 (69
patients), p53 (90 patients) and Ki-67 (115 patients). The study
protocol was approved by the participating hospitals’ ethics
committee. Immunohistochemistry was carried out on 5 μm tis-
sue sections from paraffin blocks using the avidin-biotin
immunoperoxidase method. Briefly paraffin was removed from
the slides by heating them at 60°C for 10 min, followed by three
washes in xylene. After gradual hydration through graded alco-
hol, the slides were incubated for 30 min in 0.3% hydrogen per-
oxide in methanol to quench endogenous peroxidase activity.
The sections were incubated in citrate buffer (0.01M: pH 6.0)
for two cycles of 5 min in a microwave oven for antigen
retrieval. The following monoclonal antibodies were used: pri-
mary antibodies directed against ER (NCL-ER-6F11), PR
(NCL-PGR), c-erbB-2 oncoprotein internal domain (NCL-
CB11), p53 (NCL-CMI) [Novocastra, Newcastle upon Tyne,
UK] and Ki-67 (clone MIB-1), bcl-2 (clone 124) and EGFR
(clone H11) [Dako, Glostrup, Denmark] were applied in a dilu-
tion of 1/50, 1/50, 1/100, 1/300, 1/800, 1/50 and 1/50, respec-
tively. For statistical analysis purposes, the sections were scored
as either negative or positive. Staining for p53, ER, PR, Bcl-2
and EGFR was graded as positive if 10% or more of the tumor
cells were stained. Ki-67 staining of 20% or more was used to
define a high level of cell proliferation [15]. The HER2 mem-
brane staining was scored as 0, 1+, 2+ or 3+. Tumors with 0, 1+
or 2+ staining were defined as negative and with 3+ as positive.
Mitotic activity was evaluated as the number of mitotic figures
per ten high-power fields (HPF) [mitotic activity index (MAI)].
For clinical analysis, three mitotic activity index subgroups
were considered: low (MAI < 10/HPF), medium (10 � MAI �
15) and high (MAI > 15).Tumor grading was performed accord-
ing to the Ellis and Elston grading system [16].

Statistics

A standard statistical software package SPSS (SPSS Inc,
Chicago IL) was used in the analysis. Descriptive statistics were
calculated for all variables. The chi-square test or Fisher’s exact
test as appropriate, was used to examine the association between
TN cancer and the expression of the EGFR, bcl-2, p53 and Ki-
67, as well as other clinicopathological factors such as tumor
grade and mitotic activity. The one-sample Kolmogorov-
Smirnov test was used to test if a variable was normally distrib-
uted. Normally distributed data were analyzed with the T-test
while in the absence of normal distribution the Mann-Whitney
test was used; p values less than 0.05 were considered statisti-
cally significant.

Results

We retrospectively analyzed the medical archives of
160 patients with node-negative invasive breast carcino-
mas. The study group consisted of 159 females and one
male patient aged 57.9 ± 12.9 years old. Tumor character-
istics are presented in Table 1.

Twenty-seven (16.9%) patients were diagnosed with
TN breast cancer. Statistical analyses showed that com-
pared with non-TN breast cancer, TN breast cancer corre-
lated with higher histologic grade (88% of the TN tumors
had grade 3 malignancies compared to 35.4% of the non-
TN cancers, p < 0.05), higher MAI (88.9% vs 29.8%, p <

Table 1. — Tumor characteristics of the patients.

Tumor size (mean ± SD) 2.1 ± 1.3

Histological type, number (%)
Ductal 141 (88.1%)
Lobular 13 (8.1%)
Ductal/lobular 1 (0.6%)
Colloid 2 (1.3%)
Tubular 2 (1.3%)
Medullary 1 (0.6%)
T stage, number (%)
T1 95 (60.1%)
T2 55 (34.8%)
T3 8 (5.1%)
Tumor grade, number (%)
1 14 (9.2%)
2 71 (46.7%)
3 67 (44.1%)
Positive tumors for [number (%)]
ER 117 (73.1%)
PR 101 (63.1%)
HER2 40 (25%)
TN tumors 27 (16.9%)
ER: estrogen receptors; PR: progesterone receptors; TN: triple negative tumors
(ER, PR and HER2 negative).

0.05) and higher Ki-67 expression (100% of the TN
tumors had 20% or more Ki-67 staining compared to
58.5% of the non-TN tumors, p < 0.05). Moreover TN
tumors were correlated with negative staining for bcl-2
expression (85.7% of the TN tumors vs 35.5% of the non-
TN tumors, p < 0.05).

Although TN tumors were associated with positive
staining for EGFR (50% of the TN tumors vs 6.3% of the
non-TN tumors), this correlation was not statistically sig-
nificant. Furthermore TN patients had a higher percent of
p53 positive tumors, compared to non-TN (52% vs
34.4%), nevertheless also this relationship did not reach
statistical significance.

Lastly p53 staining was associated with higher histo-
logic grade (61.8% of the p53 positive tumors compared
to 33.3% of the p53 negative, p < 0.05), higher MAI
(53.8% vs 22.2%, p < 0.05) and higher Ki-67 expression
(76.6% vs 51.5, p < 0.05).

Discussion

One of the most intriguing areas of research in breast
cancer is the study of the different subtypes that have
emerged with the help of molecular biology. Among them
the basal-like molecular subtype has been characterized
by the lack of expression of hormone receptors, and the
absence of HER2 protein overexpression, features which
render these tumors ineffective to targeted therapies.

This study showed that TN tumors were associated with
higher histological grade, MAI and Ki-67 expression,
markers that have been correlated with poor prognosis
[17-19]. The biologic behavior of TN tumors has been a
subject of evolving research during the last decade. A
review of the current literature reveals that the majority of
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published studies describe TN breast cancers as tumors of
high histologic grade [20]. In the same manner a recent
study by Rhee et al., in node-negative breast cancer
patients, showed that TN breast cancer had a higher
relapse rate and more aggressive clinicopathologic char-
acteristics than non-TN tumors [21]. 

Furthermore, we showed that TN tumors were correlat-
ed with negative staining for bcl-2 expression. The bcl-2
protein is a member of the bcl family that regulates apop-
tosis and its expression exerts a protective effect in breast
cancer [22]. A recent meta-analysis concluded that bcl-2
is an independent prognostic factor with possible signifi-
cant clinical implications [23]. 

Previous studies on TN tumors have shown that they
are closely correlated with the expression of the EGFR
[21]. EGFR plays an important role in breast carcinogen-
esis and its potential role as prognostic indicator has been
documented by previous researchers, while EGFR-target-
ed therapies have proved quite valuable [24,25].
Considering the lack of targeted therapies in TN breast
cancer patients, the use of EGFR-targeted agents has been
proposed as an attractive alternative [26]. According to
our results, although TN tumors were associated with
positive staining for EGFR, this correlation was not sta-
tistically significant, a finding that may be attributed to
the low statistical power of this study (data regarding the
EGFR status were available in a subgroup of 50 patients).

In the current study, TN patients had a higher percent of
p53 positive tumors, compared to non-TN patients, never-
theless this correlation was not statistically significant.
Published data by larger series regarding the clinico-
pathologic features of TN breast tumors have shown a
significant association with the expression of the p53
marker [27-29]. Nonetheless the clinical significance of
this marker in breast cancer remains a matter of ongoing
debate. A meta-analysis by Pharoah et al. showed that
p53 could serve as an independent predictor of decreased
disease-free and overall survival in both node-positive
and node-negative patients [30]. On the other hand other
studies have failed to show any prognostic value of the
p53 expression [31, 32]. Analysis of our data showed that
p53 staining was associated with higher histologic grade,
MAI and Ki-67 expression, markers which, as previously
mentioned, are associated with adverse outcome. This
controversy regarding the significance of p53 may be
attributed to a number of factors such as: a) the low sta-
tistical power of some studies and the differences
between the applied detection methods (immunohisto-
chemistry or molecular techniques) and, b) the use of
adjuvant chemotherapy, since p53 gene alteration may be
associated with resistance or sensitivity to different ther-
apeutic agents [33].

This study has some limitations. Although there is gen-
eral agreement that HER2 0 and 1+ are clinically negative
and HER2 3+ is clinically positive, there is uncertainty
about the appropriate classification of HER2 2+ patients.
In the current study due to the lack of fluorescent in situ
hybridization (FISH) information on the HER2 2+
patients, they were regarded as HER2 negative during

analysis. Furthermore data regarding the status of some
immunohistochemical markers were available in a small
number of patients.

In summary, we showed that in node-negative breast
cancer patients triple negativity is associated with aggres-
sive biologic behavior. The use of EGFR-targeted agents
has been proposed as an attractive alternative for this par-
ticular subtype of breast cancer, nevertheless this study
failed to show a significant association between TN can-
cer and EGFR expression. Further studies are warranted
to better understand the biologic behavior of triple nega-
tive breast cancers, so as to develop better treatment
strategies.
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