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Estrogen receptor (ER)-negative breast cancers are a group of tumors with poor prognosis and fewer cancer
prevention and treatment strategies compared to ER-positive tumors. The aim of this study was to assess the
morphological characteristics and immunohistochemical profile of ER-negative tumors and thus to understand
the biological behavior and unique nature. In total, 291 consecutive ER-negative cases available from our
primary breast cancer series were examined. Hematoxylin- and eosin-stained sections of all the cases were
studied for several morphological parameters and their immunophenotype profile. These findings were
correlated with patient and tumor characteristics and survival data. ER-negative tumors constituted 30% of the
primary operable breast cancer series. The majority of tumors were grade 3 (94%) and the commonest
histological types were ductal/no specific type (85%), and atypical medullary carcinoma (8%). High-grade
comedo-type necrosis, lymphoid stroma, central necrosis/fibrosis and pushing margins were the most common
morphological features. The presence of a pushing margin showed a significant relation to androgen receptor
negativity, absence of epidermal growth factor receptor expression and negative lymph nodes. Lymphoid
stroma and comedo-necrosis correlated with higher tumor grade. ER-negative breast cancers are a distinct
group of tumors with several common morphological features. Grade 3 histology, pushing margin, lymphoid
stroma, comedo-type necrosis and central fibrosis/necrosis are the dominant morphological findings. The
presence of a pushing margin appears to have a significant correlation with negative lymph node status.
ER-negative tumors show a higher expression of p53, CerbB2 and epidermal growth factor receptor compared
to ER-positive breast cancer. These unique features support the concept that ER-negative tumors are a
morphologically and phenotypically distinct entity and provide a rationale for the study and use of newer
promising agents in the treatment of ER-negative breast cancer.
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Breast cancer is a major concern worldwide and is
responsible for one of the highest causes of death.
Determination of estrogen receptor (ER) status on
invasive carcinomas prior to therapeutic procedures
has become a standard practice in the management of
breast cancer and approximately 60–65% of primary
breast cancers are ER-positive. ER has also proven to
be a successful target for the treatment of ER-positive
breast carcinomas; the effectiveness of antiestrogens
such as tamoxifen and raloxifene is well known.

Better-differentiated tumors are likely to be ER-
positive and these ER-positive tumors have rela-
tively better prognosis.1 Conversely, ER-negative
tumors are more likely to be of higher histological
grade, and the patients to have a decreased overall
survival depending on age and lymph node status.2

ER receptor status of breast cancers in postmeno-
pausal women is also associated with survival; a
higher recurrence rate is observed in ER-negative
group.3 Although most of the ER-negative tumors are
presumed to be poorly differentiated,4 a significant
proportion of a small subset of invasive cancers
(adenoid cystic carcinoma, secretory carcinoma)
are ER-negative.5,6 These tumors have an excellent
prognosis with minimal regional recurrence. On
the other hand, not all poorly differentiated,
ER-negative tumors behave poorly. Medullary and
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atypical medullary cancers are reported in some
series to have a relatively better prognosis than
expected.7 Some ER-negative tumors also show a
higher BRCA 1 germline mutation.8 All these
features point towards the heterogeneous nature of
an ER-negative subgroup of invasive breast cancers.

The purpose of this study was to determine the
characteristics of ER-negative breast cancers through
analysis of several morphological features and to
correlate these features and their immunophenoty-
pical profile with other prognostic variables and
clinicopathological data to better understand their
biological behavior.

Materials and methods

Patients and tumors

The study material was retrieved from a consecutive
series of 1917 cases of primary operable invasive
breast carcinoma obtained from the Nottingham
Tenovus Primary Breast Carcinoma Series from
patients presenting between 1986 and 1998. ER
status was estimated immunohistochemically in
1805 of the tumors; 553 (31%) cases were ER-
negative while 1252 (69%) carcinomas were ER-
positive. From among those ER-negative tumors, 291
cases with retrievable histological material (blocks
and slides) were included in this study. Patients’
clinical history and cancer characteristics including
tumor type,9 histological grade,10 tumor size, lymph
node status and Nottingham Prognostic Index11 were
obtained from the pathology database.

An hematoxylin- and eosin-stained section from a
representative tumor block was examined for the
various morphological parameters such as appear-
ance of tumor margin, the presence of lymphoid
stromal infiltrate (moderate to marked), clear cell
changes, basaloid change, adenoid cystic pattern,
acinic cell change, undifferentiated/small cell pat-
tern, comedo-type necrosis, squamoid or spindle
cell changes, presence of tumor giant cells and
prominent central fibrosis/necrosis. The assessment
was limited to the invasive portion of the tumor. A
representative tissue microarray sample was stained
to study the expression of various antigens by
immunohistochemistry. The antibodies utilized in-
cluded ER, androgen receptor (AR), cytokeratin 5/6
(CK5), cytokeratin 18 (CK18), smooth muscle actin,
gross cystic disease fluid protein-15 (GCDFP),
epidermal growth factor receptor (EGFR), BRCA1,
CerbB2, p53 and E-cadherin (Table 1). ER was
included to confirm the earlier findings on full
section immunohistochemistry. As ER-negative tu-
mors are generally associated with a poor prognosis,
markers with putative prognostic value (EGFR,
CerbB2, p53, BRCA1) were also included. GCDPF
and smooth muscle actin were utilized to identify
apocrine and salivary-type differentiation, and AR
and E-cadherin to assess their general prevalence in
ER-negative tumors. CK5 and CK18, which identify

basal and luminal epithelial differentiation respec-
tively, were also included.

Tissue Arrays and Immunohistochemistry

Tumor samples were arrayed as previously de-
scribed.12 In brief, tissue cores with a diameter of
0.6mm were punched from the representative tumor
regions of each donor block. Each case was sampled
twice from the center and the periphery of the
tumor. Cores were precisely arrayed into a new
recipient paraffin blocks using a tissue microarrayer
(Beecher Instruments). Immunohistochemical stain-
ing was performed on 4mm thick sections using the
avidin–biotin complex method. Briefly, tissue slides
were deparaffinized with xylene and then rehy-
drated through three changes of alcohol. Endogen-
ous peroxidase activity was blocked by incubation
in a 0.3% hydrogen peroxide/methanol buffer.
Antigen retrieval was carried out by microwave
treatment of the slides in sodium citrate buffer (pH
6.0) for 20min. The slides were then rinsed in Tris-
buffered saline (TBS) (pH 7.6) and incubated with
normal swine serum in TBS (1:5) to block non-
specific staining. The slides were then incubated for
1h with the primary antibody. After washing with
TBS, sections were incubated with the secondary
antibody (biotinylated goat anti-Mouse/Rabbit
immunoglobulin; Duet K 0492, DakoCytomation,
Denmark) (1:100) for 30min then the avidin–
biotin complex (1:100) for a further 45min.
3-30Diaminobenzidine tetrahydrochloride (Dako
liquid DAB plus, K3468, Denmark) was used as a
chromogen and sections were counterstained with
Mayer’s hematoxylin. The negative controls were
omission of the primary antibody.

Evaluation of Immunohistochemical Staining

Positive controls and internal areas of normal breast
tissues showed strong and uniform staining of the
epithelial cells lining the ducts and lobules with
minimal back ground reactivity for various cytoker-
atins, smooth muscle actin, BRCA-1, E-cadherin and

Table 1 Primary antibodies

Antibody Source Clone Dilution

E-cadherin Zymed HECD-1 1:200
p53 Novocastra DO7 1:50
ER Dako 1D5 1:80
Actin Dako 1A4 1:2000
CerbB2 Dako A0485 1:250
AR Biogenex F39.4.1 1:30
CK5/6 Novocastra DS/16B4 1:100
GCDFP Novocastra 23A3 1:30
EGFR Novocastra — 1:15
CK18 Dako DC10 1:50
BRCA-1 Oncogene MS110 1:15
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GCDFP. For evaluating EGFR, CerbB2 and p53
immunostaining, a known positive external control
was utilized. Two cores were evaluated from each
tumor. Each core was scored individually then the
mean of the two readings was calculated. If one core
was uninformative, the overall score applied was
that of the remaining core. Assessment of staining
was based on a semiquantitative approach. A
modified histochemical score (H-score) was used
which includes an assessment of both the intensity
of staining and the percentage of stained cells.13 For
the intensity, a score index of 0, 1, 2 and 3
corresponding to negative, weak, moderate and
strong staining intensity was used and the percen-
tage of positive cells at each intensity was estimated
subjectively. A final score of 0–300 is the product of
both the intensity and the percentage. Staining of ER
and p53 was evaluated in the nuclei of the
malignant cells and scored as positive or negative.
An H-score of 0 and 50 were considered as cutoff
points for positive staining of ER and rest of the
markers, respectively. One observer scored the
staining pattern (DAR), without previous knowledge
of the outcomes on two separate occasions and a
good correlation between the results was found.

Statistical Analysis

Statistical analysis was performed using SPSS 10.0
statistical software. Univariate and multivariate
analysis were performed by w2-test, log rank and
Cox regression analysis, respectively. Nonpara-
metric method methods were used for non-normally
distributed data (including Mann–Whitney U- and
Kruskall–Wallis H-tests). Correlations between dif-
ferent markers were carried out using Pearson’s
correlation coefficient. Survival curves were ana-
lyzed by the method of Kaplan–Meier (Kaplan and
Meier, 1958). A P-value o0.05 was considered
significant.

Results

Demographics of the Patients and Tumor
Characteristics (Table 2)

All the patients were female with an age range of
25–70 years (median 50.5 years). Among the cases
with known menopausal status, 85 and 78 were
premenopausal and postmenopausal, respectively.
The commonest histological types were ductal/no
specific type (NST), comprising 85% of the total
cases and atypical medullary carcinoma (8%).

Most of the tumors were more than 2 cm in size
(53%). Of the patients with known lymph node
status, 148 (51%) were lymph node metastases
negative, while 96 (33%) were stage 2 (one to three
nodes positive) and 46 (16%) stage 3 (four or more
nodes positive). In comparison, only 36% of the
patients in the entire series of both ER-positive and

negative tumors, had lymph node metastases (29%
with 1–3 positive nodes and 8% with 4 or more
positive nodes). A high proportion of the tumors
were grade 3 (94%) with a few grade 1 cases (1%). In
contrast, grade 3 tumors comprised less than half
(47.7%) of the entire primary breast cancer series.
Definite vascular invasion was seen in 104 tumors
(36%). The Nottingham prognostic index in these
cases ranged from 2.5 to 8.4 (mean 5.0).

Morphological Features of Tumors (Figure 1 and
Table 3)

The presence of comedo-type tumor necrosis,
lymphoid stroma, tumor giant cells, clear cell
change, pushing margin and central necrosis/fibro-
sis were the most common additional morphological
features seen in these tumors. Central necrosis/
fibrosis was seen in 22 cases (8%).

Immunohistochemical Stains on Tissue Microarray
(Figure 2 and Table 4)

Detectable nuclear immunoreactivity for ER was not
seen in any case, confirming the earlier findings on
full section immunohistochemistry. E-cadherin ex-
pression was seen in 253 cases (89%), with weak

Table 2 Patient characteristics and ER-negative tumor para-
meters

Histological tumor type Number of cases (%)

No specific type (NST) 246 (85%)
Tubular mixed 7 (2.5%)
Typical medullary 2 (0.7%)
Atypical medullary 24 (8%)
Classic lobular 4 (1.4%)
Lobular mixed 1 (0.3%)
NST & lobular mixed 1 (0.3%)
Mixed NST and special type 1 (0.3%)
Miscellaneous 5 (2%)
Age 25–70 years (median 50.5 years)

Menopausal status
Pre 85 (29%)
Post 78 (27%)
Unknown 128

Tumor size (cm)
o2 136 (47%)
42 155 (53%)

Nodal status
Stage 1 (node negative) 148 (51%)
Stage 2 (1–3 nodes positive) 96 (33%)
Stage 3 (4 or more nodes
positive)

46 (16%)

Grade
1 03 (1%)
2 15 (5%)
3 272 (94%)

Vascular invasion 104/291 (36%)
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expression in 129 (45%) of them. CK18 was present
in 193 tumors (69%), p53 in 171 (60%), and BRCA1
in 168 (68%). CerbB2 was overexpressed in 91
(32%) and EGFR in 108 tumors (41%).

Lymph Node Status, Survival Data and Tumor
Morphology (Table 5)

When the predominant tumor morphological fea-
tures were compared to lymph node status, the
presence of a pushing margin to the tumor showed a
significant correlation with the absence of lymph
node metastases. The rest of the morphological
features were seen just as frequently in both node-
positive and -negative groups.

Multivariate Analysis Including Morphological
Features with Other Prognostic Factors (Table 6)

The presence of a pushing margin showed a
significant correlation with AR negativity, EGFR
negativity, lymph node stage 1 disease, the absence
of vascular invasion, and premenopausal status. The
presence of a lymphoid stroma displayed a positive
correlation with negative GCDFP and grade 3
lesions. The presence of clear cell change showed
no significance with other parameters. The absence

Figure 1 Some examples of ER-negative subset tumors and their morphological features: (a) Adenoid cystic carcinoma; (b) apocrine
carcinoma; (c) metaplastic carcinoma with predominant cartilaginous matrix; (d) squamoid change; (e) clear cell change; (f) central
necrosis; (g) marked lymphoid stromal infiltrate; (h) pushing tumor margin with dense inflammatory infiltrate at the periphery.

Table 3 Morphologic characteristics in ER-negative invasive
breast carcinomas

Morphologic characteristic Number of cases (%)

Pushing margin 23 (8%)
Lymphoid stroma 92 (32%)
Clear cell changes 35 (12%)
Basaloid cell change 04 (1%)
Adenoid cystic pattern 02 (1%)
Acinic cell change 02 (1%)
Undifferentiated/small cells 05 (2%)
Comedo-type necrosis 95 (33%)
Squamoid change 18 (6%)
Spindle cell change 08 (3%)
Tumor giant cells 92 (32%)
Central necrosis/fibrosis 22 (8%)
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of basaloid change correlated with grade 3 tumors.
Both cases of adenoid cystic carcinoma show
smooth muscle actin positivity and were of histolo-
gical grade 1. Comedo-type necrosis correlated with
AR negativity, CK5 staining, grade 3 tumors and
greater tumor size.

Discussion

Breast cancer is a major concern worldwide and is
one of the leading causes of death in women. The
role of hormone receptors as a prognostic and
therapeutic tool is widely accepted and estrogen
receptor has proven to be a successful target for all
ER-positive breast carcinomas. The overall mortality
due to breast cancer has also shown a decline in the
Western world in the recent years, attributed in part
to the early application of various treatment mod-
alities.14 In order to further reduce the mortality
from breast cancer there is a desire to further
examine and characterize the subset of ER-negative
tumors, which are traditionally of poor prognosis
and lack effective chemopreventive strategies.

There is scant information in the literature
regarding the morphology and immunoprofile of
ER-negative breast tumors. One of the best earlier
studies on the prognostic strength of ER was the
NSABP B-06 study, in which women with early
stage breast cancer received no adjuvant systemic
therapy.15 Patients with ER-positive tumors had
5-year disease-free survival (DFS) rates of 74% and
5-year overall survival (OS) rates of 92%. Conver-
sely, patients with ER-negative tumors had 5-year
DFS and OS of 66 and 82%, respectively.

The majority of cases in this study were originally
classified as ductal/no-specific type, followed by a
high percentage of atypical medullary cases. Some
of the cases diagnosed as no specific type were
subsequently recategorized in the present study into
other subtypes such as apocrine, metaplastic, small
cell undifferentiated, solid lobular, papillary, secre-
tory, and salivary gland-like tumors. The detailed
morphology and immunophenotypical profile of
these lesions will be discussed in a subsequent
publication.

ER-negative invasive breast cancers include a
variety of histological types and among them it is
well recognized that the poorly differentiated

Figure 1 Continued.
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medullary type of breast tumor shows a high rate of
ER negativity.9 On the contrary, a few of the well-
differentiated breast carcinomas are also ER-nega-
tive.5,6 In our series, we have identified two ER-
negative adenoid cystic carcinomas; both of them
were of histological grade 1 with positivity for

smooth muscle actin, highlighting their nonluminal
epithelial phenotype. Breast and salivary glands
share several morphological features, both being
tubulo-acinar exocrine glands. Salivary gland-like
lesions of breast are divided into two main groups,
one with myoepithelial differentiation and the

Figure 2 Few examples of immunophenotying studies on tissue microarray: (a) Negative immunostain for estrogen receptor; (b)
androgen receptor—nuclear positivity; (c) EGFR—membrane stain; (d) CerbB2—strong membrane positivity; (e) BRCA1—positive in
lobular carcinoma; (f) BRCA1—negative ductal/no specific type carcinoma with internal positive control.
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other devoid of it.16 Adenoid cystic carcinomas
belong to the former category and are typically
ER-negative and are also known to overexpress
KIT.5,17 The lack of ER expression in this form of
grade 1 invasive breast cancer highlights the varia-
tion in the subgroup of ER-negative tumors; some
tumors lacking ER in association with poor differ-
entiation but others due to a nonluminal epithelial
lineage.

When the dominant morphological features were
correlated to axillary lymph node status, only the
presence of a pushing margin showed a significant
correlation to negative lymph node status (Table 5).
This finding can be explained by the presence of a
significantly higher number of medullary and
atypical medullary tumors which tend to have a
lower overall frequency of axillary lymph node
metastases than patients with ductal/NST carcino-
mas. The other characteristics identified had almost
equal distribution in relation to positive and
negative node status. Scawn and Shousha,18 in a
similar study of ER-negative invasive cancers,
examined several of the morphological features
assessed in the present study. They reported lymph
node metastasis in 46% of their cases and a wide
range of tumor sizes. Based on their findings they
concluded that ER status of the tumors was
determined early in its natural history and sup-
ported the existence of two divergent pathways for
the development of ER-negative and positive tu-
mors. In the present study, a similar proportion of
ER-negative tumors had axillary lymph node disease
(49%), a higher proportion than in the series as a
whole (36%) and higher than the general incidence

of 20–30% commonly observed in the breast
cancer.19

The presence of prominent lymphoid infiltration
in association with ER-negative tumors is supported
by the hierarchical cluster analysis of ER-positive
and -negative groups.20 Iwao et al examined a series
of cases by gene-expression profiling and identified
that immunoglobulin genes are primarily expressed
in ER-negative groups, supporting B-lymphoid cell
infiltration into these tumors. Data from the present
study shows a prominent lymphoid stroma in
approximately half of the cases, a feature showing
a significant correlation to grade 3 carcinomas. The
presence of lymphoid infiltrate in the tumor has
been correlated with higher histological grade
previously, but the prognostic significance is con-
troversial with conflicting results.21 Most of the
infiltrate is composed of lymphoid cells and macro-
phages with a variable admixture of plasma cells
and eosinophils. A predominance of plasma cells is
seen in medullary and atypical medullary tumors.
Tumors with a marked lymphocytic reaction are
reported almost always ER-negative.22 Subset analy-
sis of the influence of lymphoplasmacytic reaction
on prognosis has shown that it is related to nodal
status, tumor grade and overexpression of Her2/neu
oncogene.23

Several studies have reported an adverse effect of
necrosis on clinical outcome.24–27 Necrosis in carci-
noma has been associated with a higher incidence
of axillary node metastases and a higher mortality

Table 4 Results of immunohistochemical analysis

Antibody Negative Positive Valid cases (n)

p53 115 171 (60%) 286
AR 205 66 (24%) 271
BRCA1 78 168 (68%) 246
EGFR 153 108 (41%) 261
CerbB2 198 91 (32%) 289
GCDFP 230 55 (19%) 285
E-cadherin 33 253 (89%) 286
CK18 87 193 (69%) 280
CK5/6 160 129 (45%) 289
Actin 211 75 (26%) 286

Weak and strong expression were combined for BRCA, CerbB2 and
E-cadherin.

Table 6 Summary of multivariate analysis of ER-negative tumors

Morphological feature Prognostic factor P-value

Pushing margin Negative AR 0.043
Negative EGFR 0.013
Lymph node stage 1 0.019
Absence of vascular invasion 0.054
Premenopausal status 0.005

Lymphoid stroma Negative GCDCP 0.006
Grade 3 tumor 0.012

Comedo-type necrosis Negative AR 0.007
Positive CK5 0.011
Grade 3 tumor 0.04
Greater tumor size 0.09

Tumor giant cells Positive EGFR 0.03
Squamoid differentiation Negative P53 0.018

Negative AR 0.04
Spindle cell change Negative E-cadherin 0.003
Basaloid change Lower grade tumors 0.000

Table 5 Relationship between select tumor morphology and lymph node status

Comedo-type necrosis no. Lymphoid stroma no. Tumor giant cells no. Pushing margin no.

LN positive 44 (46%) 45 (49%) 46 (51%) 05 (22%)
LN negative 51 (54%) 46 (51%) 45 (49%) 18 (78%)
Total 95 91 91 23

(no.)—number of cases; LN—lymph node.
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rate.24 Confluent tumor necrosis of any dimension
has also been reported to be an independent
predictor for early recurrence and death from
disease.25 Gilchrist et al, however, indicated that
the prognostic significance was time dependent, the
effect manifested only in the first 2 years of the
follow-up and beyond 10 years, it was no longer a
significant prognostic factor for patients who re-
mained disease free. A distinct entity ‘centrally
necrotizing carcinoma’ was studied by Jiminez et
al.26 This was characterized by early development of
systemic metastases and accelerated clinical course.
These tumors displayed minimal tubule formation
and a majority of them (94%) were ER-negative.
These studies support the view that extensive tumor
necrosis is an unfavorable prognostic factor and may
be related to the rapid growth of the tumor,
exceeding angiogenesis to a substantial degree.
One-third of the cases in the present series dis-
played comedo-type necrosis, and a significant
proportion of them also had extensive central
necrosis/fibrosis. The presence of comedo-type
necrosis correlated with AR negativity, higher grade
and greater size but no significant correlation was
noted with lymph node metastases. The presence of
a fibrotic/necrotic focus in the centre of the tumor
has been reported to be an adverse prognostic
factor.28,29 It has been suggested that the finding of
a fibrotic focus is a surrogate marker for hypoxia-
driven ongoing angiogenesis and has been reported
to be associated with a higher relapse rate and worse
overall prognosis. The rest of the morphological
features assessed, including the presence of clear
cell differentiation, squamoid and spindle cell
change did not show significant correlation to any
of the other parameters studied. This could be due to
low number of events seen in our series, but may
reflect that these are not important characteristics
with regard to prognosis.

The presence of vascular invasion and increasing
tumor grade has been shown to be an independent
prognostic factor.30,31 The presence of vascular
invasion was associated with larger tumors, grade
3 disease, lymph node metastases and ductal/no
specific type carcinomas.30 Increasing tumor grade
is related to increased local recurrence after conser-
ving surgery, increased size and ER-negativity.31 In
the present series, definite vascular invasion and
histological grade 3 tumors were present in 36 and
94% of cases, respectively. The absence of a pushing
margin correlated with the presence of vascular
invasion (P¼ 0.019). A statistical correlation bet-
ween the presence of lymphoid stroma and comedo-
type necrosis and histological grade 3 lesions was
also seen.

A study on AR expression in ER-negative breast
cancers found that AR expression was correlated
with longer survival in a cohort of women with ER-
negative tumors.32 The data from Agoff et al
suggested that AR status could be used to subdivide
ER-negative tumors into more and less favorable

prognostic groups. Sixty-six (24%) of the ER-
negative tumors in our study expressed AR, a feature
associated with a nonpushing margin and the
absence of comedo-type necrosis. AR expression in
apocrine lesions has been reported to show a
distinct pattern of overexpression, accompanied by
the loss of estrogen and progesterone receptors.33

GCDFP expression was seen in a small percentage of
our cases (19%) in the present series, the majority of
them (66%) also showed AR positivity, signifying
that AR expression is frequent in lesions with
apocrine differentiation.

Elevated EGFR expression, in the absence of gene
amplification is associated with estrogen receptor
negativity.34 EGFR was overexpressed in 108 (41%)
of our cases and expression showed significant
association with absence of pushing margin and
presence of tumor giant cells. Many promising
agents for the prevention of ER-negative tumors are
on trial. An orally active EGFR inhibitor that blocks
signal transduction processes in the proliferation
and survival of breast cancer cells was examined in
MMTV-erbB2 transgenic mice.35 Lu et al showed a
reduced proliferation of tumor cells and increased
expression of cell cycle regulator p27, providing a
rationale for use of these agents in prevention of ER-
negative breast cancer.

CerbB2 expression was inversely correlated with
ER expression.36 In the present study, CerbB2
positivity was seen in almost 45% of ER-negative
cases, although the overall expression is around
30% in the entire ER-positive and -negative series
and in series reported by others.37–39 Similarly, a
higher percentage of ER-negative tumors in the
present study also showed aberrant expression of
p53 (60%). A strong association between specific
mutations and short survival and poor response to
treatment has been reported; a meta-analysis study
of somatic mutations of p53 in breast cancers
reported overall relative hazards for recurrence and
death at 1.5 and 2.0, respectively.40 Previous studies
have found an inverse association between luminal
cytokeratin expression (CK18) and tumor grade,
recurrence rate and ER status.41 The results of our
study with decreased expression of luminal markers
and increased expression of basal markers also
correlates with poor prognostic features and beha-
vior of ER-negative tumors.42

E-cadherin is an important mediator of cell-to-cell
interaction and has been reported to be aberrantly
expressed or absent in most of the lobular cancers of
breast.43 In contrast, its expression is aberrant or lost
in only a minority of ductal cancers. In all, 11 and
45% of our ER-negative cancers showed E-cadherin
loss and aberrant expression, respectively. These
data are in keeping with the predominance of grade
3 ductal carcinomas and few invasive lobular
carcinomas in this series. There appears to be
slightly higher proportion of E-cadherin aberrations
in ER-negative tumors. In a study of E-cadherin
expression in primary carcinomas and its distant
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metastases, the authors concluded that aberrant
expression of E-cadherin is frequent in invasive
ductal carcinomas that progress to develop distant
metastases.44 However, the connection between ER
and E-cadherin is complex. Oesterreich et al45

showed that ER-negative cell lines often showed
an absence of E-cadherin, while in ER-positive
tumors, estrogen could cause downregulation of
E-cadherin expression. Their findings potentially
suggest that antiestrogen therapy can result in
restoration of E-cadherin expression.

Finally, regarding the role of BRCA in breast
cancers, it has been reported that most of the tumors
with BRCA-1 mutation are ER-negative and grade 3.8

In the present series, several tumors (32%) dis-
played loss of reactivity for BRCA-1 protein and had
grade 3 histology (94%). Robson et al have also
suggested that BRCA-associated breast cancers were
less likely to present with stage I disease, and more
likely to have grade 3 tumors and axillary nodal
metastases, compared to cases without mutations.
Estrogen receptor negativity was also significantly
more in BRCA-associated breast cancers (70 vs 34%,
P¼ 0.04).

In summary, ER-negative breast cancers are a
distinct group of tumors with several unique
morphological features. High grade, pushing mar-
gin, lymphoid stroma, comedo-type necrosis and
central fibrosis/necrosis are the dominant morpho-
logical findings. In addition, apocrine features,
squamoid, clear cell and spindle cell differentiation
may be identified. Several distinct subtypes such as
metaplastic carcinomas, adenoid cystic carcinoma,
apocrine carcinoma and acinic cell carcinoma are
present in this group.

The presence of pushing margin appears to have a
significant correlation with negative lymph node
status. The majority of these lesions are grade 3
carcinomas, a finding that correlates with the
presence of lymphoid stroma and comedo-type
necrosis. Alterations in protein expression of p53
and BRCA-1 and overexpression of Her2/neu and
EGFR are also more commonly seen than in the
whole population of invasive breast cancers. The
above factors, in combination with worse tumor
grade contribute to the aggressive biologic behavior
of ER-negative tumors.
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