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Abstract 
Purpose. In the last years, the incidence of breast cancer has been increasing; characteristic patterns of gene expression have emerged, 
reflecting molecular differences between previously known as well as newly defined subtypes of breast cancer. This study aimed to classify 
the molecular subtypes of breast cancers based on the expression profile of immunohistochemical markers and to evaluate their 
association with clinicopathological features. Material and Methods. A total of 173 cases of breast carcinoma were examined 
retrospectively using immunostains for estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 
(HER2). Because the triple-negative phenotype, when defined by IHC using only these three markers, is not the optimal method for 
defining basal-like breast cancer, we need to use an additional marker – CK 5/6. Results. The luminal type was the most common subtype 
in breast cancer (71.6%), which was followed by the basal subtype (21.9%). HER2 subtype were 2.8% from the total of cases, being 
associated with the highest rate of high-graded cases. Basal type is presented largely in premenopausal women and displayed aggressive 
features, such as large tumor size and poorly differentiated cancers. Luminal A included the highest percentage of patients older than 
60 years, the highest proportion of stage I–II tumors and well/moderately differentiated lesions. HER2-type was more frequent in 
premenopausal women and showed a high percentage of positive lymph nodes. Conclusions. These molecular differences have been 
shown to correlate very well with clinical features and survival, or even better than traditional histopathological parameters. The discovery 
of certain molecular characteristics of breast cancers has helped us to understand better the pathophysiology of disease and to develop 
more direct therapeutic strategies. 
Keywords: breast cancer, molecular classification, clinicopathologic features. 

 Introduction 

Invasive breast cancer is the most common 
carcinoma in women; it accounts for 22% of all female 
cancers. The areas of high-risk are the populations of 
North America, Europe and Australia; the risk is low in 
the less developed regions of sub-Saharan Africa and 
Southern and Eastern Asia, including Japan. Breast 
cancer is a heterogeneous disease from a clinical, 
pathological, and therapeutic point of view; classical 
histological classifications do not fully capture the 
various clinical courses of this disease. Breast cancer 
incidence, as with most epithelial tumors, increases 
rapidly with age. Histological type, grade, tumor size, 
lymph node involvement, and estrogen receptor (ER), 
progesterone receptor (PR) and HER2-receptor status, 
all influence prognosis and the probability of response 
to systemic therapies. 

Based on the recent DNA-microarray studies on 
breast cancer cases, distinct molecular subtypes of 
breast carcinoma were identified with different clinical 
outcomes [1]. Reverse transcription polymerase chain 
reaction and DNA-microarrays are increasingly used in 
the clinic and in clinical research as prognostic or 
predictive tests. Results from these tests led to novel 
risk stratification methods and to new molecular 

classification of breast cancer. However, large-scale sub 
typing using gene expression profiling from formalin-
fixed, paraffin-embedded samples is not currently 
feasible. Therefore, immunohistochemical (IHC) mar-
kers have been used as surrogates for DNA-microarray 
in sub typing breast cancer. ER, PR, HER2 are deter-
mined in most pathology labs, which allows for framing 
the breast cancer cases in the known molecular classes. 
The HER2/neu-gene is a member of a gene family 
encoding transmembrane receptors for growth factors, 
including EGFR HER2, HER3 and HER4. Approxima-
tely 25 to 30% of invasive female breast cancers over-
express HER2 [2]. 

By using a panel of four antibodies including 
estrogen receptor (ER), HER1, HER2 and cytokeratin 
5/6 (CK5/6), Nielsen et al. characterized three IHC-
defined subtypes: luminal (ER+, HER2-), HER2 
(HER2+) and basal-like (ER-, HER2-, CK5/6+ or 
HER1+). Based on more recent gene expression studies, 
Carey LA et al. [3] updated IHC subtype definition as 
luminal A (ER+ and/or progesterone receptor PR+, 
HER2-), luminal B (ER+ and/or PR+, HER2+), 
HER2+/ER- (ER-, PR-, HER2+), basal-like (ER-, PR-, 
HER2-, CK5/6+) and unclassified (negative for all five 
markers). These molecular differences have been shown 
to correlate with clinical features, such as survival, 
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prognosis and treatment sensitivity. In addition to these 
subtypes, the prognosis of breast cancer may be affected 
by expressions of other additional molecular markers. 
One from those is the epidermal growth factor receptor 
(EGFR) witch was reported to be overexpressed in 
aggressive breast cancer [4, 5] and is currently being 
evaluated in clinical trials as a potential therapeutic 
target [6, 7]. This paper reports our attempt to sub-
classify breast carcinomas based on the immunoprofile 
and to evaluate the association of the subtypes with 
histological type and grade, lymph node status, clinical 
stage and survival. 

 Material and Methods 

Slides and paraffin-embedded tissue blocks from 
173 patients with breast cancer were retrieved from the 
surgical pathology archives in the Departments of 
Pathology of The Municipal Clinical Hospital from 
Timisoara, between September 2000 and November 
2005. The histologic diagnosis was completed with 
clinical and therapeutic data from medical records from 
the Oncological Surgery, Radiotherapy and Chemo-
therapy Departments, and other information obtained 
through a questionnaire sent by mail. Data include: 
grade according to the Scarff–Bloom–Richardson scale, 
lymph node involvement; estrogen receptor (ER), pro-
gesterone receptor (PR) status, HER2; CK5/6 status was 
determined immunohistochemically. 

Based on these, breast tumors were categorized in 
the five known molecular classes: basal-like, luminal A, 
B, HER2, and unclassified. Hundred and seventy-three 
cases were selected which can be completely assessed 
morphologically in the classic manner. The histological 
classification was based on the criteria set by the World 
Health Organization. Survival time was calculated from 
the date of surgery until time of death or confirmation of 
survival, and survival rate was represented by the 
percentage of survivals at the end of the observed 
interval (a mean of 68 months). Tissue sections (4 µm) 
from each case were prepared for immunostaining. 
After incubation in a 600C oven overnight and depara-
ffinization, the tissue sections were treated with 3% 

hydrogen peroxide in methanol for five minutes. 
Following a brief pretreatment with 0.02% protease 
XXIV for two minutes, the slides were incubated with 
one of the following antibodies: anti-human ER, PR, 
HER2 and CK5/6. The color was visualized by 
incubation with DAB chromogen for 16 minutes.  
The slides were then counterstained with Mayer’s 
Hematoxylin. The staining patterns and intensities for 
each of the markers were interpreted by two 
pathologists. For the evaluation of ER, PR, the cut-off 
positivity was 10% tumor cells. A positive HER2-stain 
was determined by membranous staining of tumor cells 
greater than 2+. An estimation of more than 10% of 
tumor cells with membranous or cytoplasmic staining 
was required for a positive interpretation of CK5/6.  
The IHC-based definition of breast cancer subtypes 
used in this study was as follows: luminal A (ER+ 
and/or PR+, HER2-), luminal B (ER+ and/or PR+, 
HER2+), HER2+/ER- (ER-, PR-, HER2+), and basal-
like (ER-, PR-, HER2-, CK5/6+) [4]. 

 Results 

The most common findings (97%) in these patients 
are breast lumps, which may or may not be associated 
with pain. Nipple abnormalities (discharge, retraction, 
distortions or eczema) are present and other forms of 
presentation are absent. Only a few cases (5) were 
positive for regional lymph node metastasis. 

Based on immunophenotyping, the most common 
subtype in our group (which included only women),  
was luminal A subtype (53%), followed by basal 
subtype – 21% (Figure 1). The clinicopathological 
features of breast carcinoma from the 173 cases are 
summarized in Table 1. 

 
Figure 1 – Distribution of cases. 

Table 1 – The clinicopathological features of breast carcinoma 
Characteristics Luminal A Luminal B HER2 Basal-like Unclassified 

Number of cases (173) 92 32 5 38 6 
Age of patients 31–85 36–83 37–68 34–78 41–84 
 Mean age 58 54 52 53 59 
Menopausal status  
 Premenopausal 21 13 4 26 2 
 Postmenopausal 71 19 1 12 4 
Clinical stage at diagnosis  
 Stage I 6 1 0 1 0 
 Stage IIa 41 8 0 13 2 
 Stage IIb 22 8 2 8 2 
 Stage IIIa 13 6 3 6 2 
 Stage IIIb 8 7 0 10 0 
 Stage IV 2 2 0  0 
Tumoral size [cm]  
 Mean 2.5 3.1 4.4 4.5 3.2 
 Under 2 cm 48 8 0 3 3 
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Characteristics Luminal A Luminal B HER2 Basal-like Unclassified 
 Between 2 and 5 cm 36 13 1 21 2 
 More than 5 cm 8 11 4 14 1 
Grading  
 Low 9 2 0 1 0 
 Medium 81 26 2 16 4 
 High 2 4 3 21 2 
Lymph node involvement  
 Absent 38 11 2 10 2 
 Present 54 21 3 28 4 
Histology  
 Ductal 58 19 5 24 4 
 Lobular 7 1 0 0 0 
 Mix (ductal and lobular) 18 8 0 4 1 
 All other 9 4 0 10 1 
Number of death at the end of 5 year follow-up 12 8 2 15 2 
Five-year relative survival rates (RSR) [%] 86 75 60 60 66 
 

Luminal-like cancers represent the highest propor-
tion (71.6%); they tend to have the most favorable long-
term survival, the overall five-year relative survival 
being between 86–75%. The luminal subtypes are 
low/medium grade (97% for luminal A and 86% for 
luminal B). Luminal tumors, both A and B, express 
hormone receptors, but these two luminal subtypes 
present distinguishing characteristics. Luminal A cancers 
have a high expression of ER and PR, HER2-negative; 
including the highest percentage (53%), the highest 
proportion of stage I–II (75%) and well/moderately-
differentiated lesions (97%). Ages of the patients ranged 
from 31 to 85-year-old with a mean age of 58 years. 
Luminal B cancers (18%) have a lower expression of 
ER and PR with HER2-positive. Patients with luminal B 
subtype tumor were between the same age limits, but 
younger than those with luminal A subtype, mean age 
being 54 years. Luminal B cases have shown poorly 
differentiated cancers, in a larger percentage than 
luminal A cases, this probably being one of the explana-
tions for the difference between the two kinds of survival 
rates (Figure 2). 

 
Figure 2 – Distribution of cases according to tumor 
differentiation. 

Most of the cases are postmenopausal: 77% in the 
case of luminal A type, 59% in the cases of luminal B. 
Patients with luminal B subtype carcinomas had an 
increased tendency to involve lymph nodes (65%) 
compared with patients with luminal A subtype tumors 
(58%). The histological versions of luminal A and 
luminal B were as follows: 63% and 59%, respectively, 
invasive ductal carcinomas; the luminal B subtype 
presented only one lobular carcinoma option, but eight 
cases were mixed (lobular and ductal). In up to  
45 luminal cases, foci of associated ductal carcinoma in 

situ (DCIS) were present and foci of elastosis, in a 
periductal or perivenous distribution. In a minority of 
cases, a distinct lymphoplasmacytoid infiltrate can be 
identified. Most of mucinous carcinoma cases were 
recorded in the luminal subtype (six out of seven). 

A relatively high percentage (21.9%) represents the 
basal-like cases. Most women with BRCA1-mutations 
generally develop basal-like breast cancer. In this study, 
BRCA mutations could not be determined, but 36% 
cases had first-degree relatives with history of breast 
cancer. Patients’ age was between 34 and 78, with an 
average of 53 years. This type is presented largely in 
premenopausal women (68%) and displays aggressive 
features, such as large size, poorly differentiated cancers 
(Figure 2). Most cases were invasive ductal carcinomas 
and 73% presented nodal metastasis at the time of 
diagnosis. Nine cases were of medullar type: poorly 
differentiated cells arranged in large sheets, with no 
glandular structures, scant stroma and a prominent 
lymphoplasmocytic infiltrate. Recent data show the fact 
that the lymph node status is not a major prognostic 
factor in the case of basal-like tumors. Multiple data sets 
have revealed that the basal-like subtype has a poor 
prognosis; more commonly it develops soft tissue and 
visceral relapses including CNS-metastases. More than 
half of them metastasized first in the brain. As expected, 
survival was poor; the average survival rate in 5 years 
was 60%. 

ErbB2 (HER2) cancers have high levels of 
expression of HER2, with minimal expression of ER 
and PR. The HER2-array subtype (2.8%) is more likely 
to be high-graded and poorly differentiated, and more 
likely to involve axillary lymph nodes (67%). Age of 
patients ranged from 37 to 68 years with a mean age of 
52 years, and 80% were premenopausal. All five tumors 
of HER2 subtype were histologically invasive ductal 
carcinomas and had the poorest prognosis, the overall 5-
year relative survival being 60%. 

Unclassified cancers refer to negative triple tumors 
where the negative reaction for CK5 is added; the 
prognostic of these tumors is slightly better than the 
basal subtypes. In our study, only six cases were framed 
in this type, moderately/poorly differentiated and 
postmenopausal. All cases are of ductal invasive type. 
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While breast cancer survival rates are generally 
better than those for many other types of cancer, they 
vary with each patient and with tumor characteristics. 
Subtype comparison revealed significant differences in 
outcomes (Figure 3).  

0

20

40

60

80

100

120

1 yrs 2 yrs 3 yrs 4 yrs 5 yrs
6 yrs

luminal A
luminal B
basal
HER2
unclassified

 
Figure 3 – Survival rates according to the molecular 
subtype. 

The five-year relative survival rate for luminal A 
was the highest (86%) and the lowest survival rate 
(60%) in patients with basal-like subtype. Similar 
survival rates can be noticed at HER2 and basal-like 
subtypes, but the number of the HER2 cases is small. 
Lowest survival rates are associated with large tumor 
size, younger age, grading 3 characteristics, HER2 and 
basal-like subtypes. 

 Discussion 

Although the molecular subtypes of breast cancer 
were initial identified by gene expression analysis using 
DNA-microarrays, IHC markers were currently used as 
surrogates for DNA-microarray in subtyping breast 
cancer. Based on recent updated IHC-subtype defini-
tions [3], we identified five molecular subtypes of breast 
carcinoma: in our group as luminal A (53%), luminal B 
(18%), HER2, basal-like and unclassified subtypes.  
In the current study, we detected only five out of 173 
(5%) breast cancers with HER2-gene amplification 
determined using IHC (3+). Overexpression of HER2 is 
a well-known prognostic factor associated with poor 
survival in women with breast carcinoma [1, 2]. 

Age is one of the most important risk factors for 
breast cancer. The entire studied group has in common 
the mean age of 55 years, smaller than literature data, 
which according to the maximum disease incidence, is 
around 75–79 years according to some authors, or above 
60 years, according to others. This shows that all 
patients were significantly younger (Figure 4). 
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Figure 4 – Mean age of patients [years]. 

A possible explanation of this fact could be  
the younger age for menopause onset, or hormonal 
replacement therapy. Although the average age 
difference between the five subtypes is relatively small, 
there are differences concerning survival. The registered 

deaths are situated at the extremes of the age intervals. 
Tumoral size played an important prognostic role; 

this is directly related to an increasing probability of 
regional metastasis, an increasing average number of 
involved axillary lymph nodes and an increasing proba-
bility of recurrence and death. The influence of primary 
tumor size on prognostic can be appreciated in both 
node-negative and node-positive cases. The relation-
ship probably reflects increasing vascular and lymphatic 
dissemination with progressive tumor growth. Patients 
with small tumors and either regional nodal involve-
ment or direct extension of the tumor proved a survival 
rate equal or better than those with large tumors 
confined to the breast. We should note the different 
between molecular classes and the correlation with five-
year rates: good survival rates for luminal cases were 
more likely to be diagnosed with smaller tumors than 
basal-like and HER2 cases (Figure 5). 
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Figure 5 – Average tumor size [cm]. 

Five-year relative survival rates were high for 
patients with small tumors and negative lymph nodes; 
they were lower for women with large tumors and 
positive nodes. Among node negative patients, the 
prognostic influences of nuclear and histological grades 
are clearly obvious. Unfortunately, a high percentage 
(63%) shows positive lymph nodes at the moment of 
diagnosis (Figure 6). 
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Figure 6 – Lymph node involvement. 

The differences between molecular groups about the 
implication of the axillary lymph nodes are relatively 
reduced, but they prevail in the case of basal subtypes, 
correlating with the reduced survival rates. On the  
other hand, the luminal cases with a high number of 
positive lymph nodes have shown good survival rates. 
This demonstrates that the recorded lymphonodal status 
does not represent a major prognostic factor. Further, 
there is a survival relationship between tumor size, 
extension of tumor, and lymph node involvement. Also, 
these findings suggest that carcinoma with HER2 over-
expression and basal-like subtype may be associated 
with unfavorable prognostic factors. The five-year 
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survival rates are decreasing with the anatomoclinic 
stage, as known from the specialty literature. If in stage 
I, the five-year average survival rate was 88%, in the 
IVth stage it was only 25%, noted in only four cases. 

It is equally important if the same subtypes of breast 
carcinoma have similar responses to therapy. It should 
be noted that basal and ERBB2-subgroups have been 
found to respond better to 5-fluorouracil, doxorubicin 
and cyclophosphamide chemotherapy, compared with 
other breast cancer subgroups [9]. To answer these 
questions, further investigation by comparison of 
prognosis and therapy responses with matched subtypes 
of breast carcinoma is warranted. Following our study, 
we also found worth noting that that women develop 
breast cancer at a younger age. 

In summary, the current study attempts to characte-
rize subtypes of breast cancer by using IHC markers.  
It provides new information for future study on 
prognosis and clinical management of breast cancer. 
However, our data needs to be interpreted with caution, 
for several reasons. First, the study was designed based 
on published data from breast cancer studies that 
allowed sub-classification of these tumors according to 
their characteristic features in DNA-microarray and 
expression profiles [1, 8]. Secondly, the current study 
was unable to provide very good correlative data 
between the immunosubtypes of breast cancer and their 
clinical behavior and survival information due to a 
relatively short period of follow-up (five years follow-
up). It is certainly critical in future studies to identify 
the subtypes of breast carcinoma and their association 
with survival as well as the candidate markers with 
potential prognostic and predictive values. Finally, the 
small number of cases collected in this group may affect 
validation of its conclusion and the statistical power of 
the observations. Additional studies with larger numbers 
of patients are needed to achieve sufficient statistical 
power. 

 Conclusions 

Our study demonstrates that luminal subtypes are the 
major subtype of breast carcinoma, these being associa-
ted to better survival rates. Unfortunately, in our study a 
relatively high percentage is represented by the basal-
like subtype associated to a reduced survival rate. 
However, there are several potential limitations to the 
study design that could affect interpretation of the 
results. Finally, we do not know to what extent these 
results can be generalized for the general population; it 
should be further evaluated in larger and more 
representative community samples. Better understand-
ding of the molecular classes of breast cancer, indepen-
dent of their prognostic and predictive values, may also 

lead to new biological insights and eventually to better 
therapies that are directed toward particular molecular 
subsets. Also, not only can a target be identified, but 
one can also develop simultaneously a method for defi-
ning the patient population for therapy. 
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