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ABSTRACT

Breast carcinoma comprises a group of diseases with speci�c clinical, histopathologic and molecular properties. Traditional classi�cation use morphology to 
divide tumors into separate categories with di�ering behavior and prognosis. However, there are limitations of traditional classi�cation systems, and new 
molecular methods are expected to improve classi�cation systems. Molecular subtypes of breast carcinomas have been characterized in the last 11 years, and 
have been studied extensively. Much of the information accumulated in recent years, and molecular taxonomy seems to be still developing and undergoing 
change. �e main question is whether new molecular techniques such as gene expression pro�ling will be accepted as gold standard in determining breast 
cancer subtypes, and whether molecular classi�cation is useful in speci�c subtypes of breast cancer as it is in ductal carcinoma (nonspeci�c type). In addi-
tion, critical review of the literature reveals major problems such as poor de�nition, lack of reproducibility and lack of quality control in current molecular 
techniques and classi�cations. �erefore, current molecular approaches are not yet used in routine clinical practice and treatment guidance since they are 
immature and can even lead to incorrect assessment.
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Introduction

Breast cancer is a signi�cant and common disease that has a negative e�ect on women health, and is one of the leading causes of cancer 

related deaths. It constitutes 23% of all cancer patients and account for 14% of cancer related deaths (1). Egyptian physicians have ac-

cepted it as a fatal disease, and extensive surgical treatment was applied for many years until the end of the 19th century (2). At the 

beginning of the last century, it was enough to know that the patient had breast malignancy and all patients were administered a uniform 

treatment. Over time, the observation that patients with the same type of cancer show varying prognosis, and identi�cation of increas-

ing form of di�erent morphological variants by pathologists during the last 50 years has led to discussion on breast cancer classi�cation. 

Currently there are 20 major types and 18 minor subtypes of breast cancer that have been de�ned and included in the recently published 

WHO classi�cation (3). However, there are doubts as to whether these variants are biologically signi�cant or not. In addition, de�nition 

of so many variants is suggested to result from the pathologist’s own design. On the other hand, pathologists have been stating that breast 

cancer is a heterogeneous disease rather than a single disease for quite a long time. Now, it is obvious that breast cancer is a heterogeneous 

disease with di�erent histological and biological properties due to genetic, epigenetic and transcriptome changes, with varying clinical 

�ndings and treatment responses, and with multiple entities. �is phenotypic di�erence in�uences breast cancer diagnosis, treatment and 

thus prognosis. �e basis of all this chaos seems to be based on absence of speci�c markers, and not fully understanding epithelial cellular 

development of breast tissue (4, 5). With the advancement of molecular techniques such as gene expression pro�ling, “heterogeneity in 

breast cancer concept” has now become generally accepted. �us, a new “taxonomy” began to develop in the classi�cation of breast cancer. 

�is development has led to a concern between surgeons and oncologists that standard histopathological analysis reports prepared by pa-

thologists will not contain some important data in the regulation of patient care and consequently patient treatment may not be regulated 

properly. �us, pathologists were introduced to the so-called new era “Molecular Classi�cation” that is developed from the traditional 

old fashioned “morphological” classi�cation new age classi�cation. Targeted therapies and more importantly, individualized treatment 

programs have become possible with the implementation of this classi�cation.
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Traditional, Old Fashioned Practice

Invasive breast cancer is currently classi�ed as non-speci�c ductal 
carcinoma and speci�c subtypes. Special subtypes of breast cancer 
have speci�c de�nitions, while the non-speci�c type is like a dump-
ster containing all carcinomas other than speci�c subtypes. Non-
speci�c invasive ductal carcinomas constitute about 60-75% of all 
breast cancers. Speci�c types constitute 20-25% of all, and the most 
common types within this group are lobular, tubular, papillary, and 
mucinous tumors (3, 4). Heterogeneity within a single tumor (intra-
tumoral) or between morphologically similar same type of tumors 
(intertumoral) is currently well-known and accepted (Figure 1). 
�erefore, pathologists have attempted to produce new systems to 
allow clinicians to monitor their patients better. An absolute neces-
sary component of pathology reports is “histological grade”, and is 
determined by the evaluation of the degree of tumor di�erentiation 
(tubule formation), nuclear pleomorphism / degree and proliferation 
(mitosis rate).

Microscopic Grading in Breast Carcinoma

(Nottingham Modi�cation of the Bloom-Richardson system) 

Tubule formation

1 point: Tubule formation constitutes more than 75% of the tumor, 

2 points: Tubule formation constitutes 10-75% of the tumor, 

3 points: Tubule formation constitutes less than 10% of the tumor. 

Note: Tubule formation evaluation should take into account the entire 
tumor.

Nuclear pleomorphism 

1 point: Nucleus shape and size di�erence mild, 

2 points: Nucleus shape and size di�erence moderate, 

3 points: Nucleus shape and size di�erence signi�cant. 

Note: �e area containing cells with most prominent nuclear pleomor-
phism should be evaluated.

Mitotic Count

Mitotic counting process should only be done at the periphery of the 
tumor and should be started from the most mitotic active areas. �e 
suggested application is counting within the same �eld, but it is not 
necessary to use subsequent �elds. Areas rich in tumor that are free of 
normal breast tissue are preferred as much as possible. Prophase cells 
should not be counted. Due to di�erences in image area due to varying 
brands of microscopes, there are determined and accepted values for 
the number of mitotic count. Based on these values mitotic count are 
scored as 1, 2 and 3.

A total score is obtained by scores on tubule formation, nuclear pleo-
morphism and mitotic count. �e histological grade is determined 
based on the obtained total score, as shown in Table 1.

Histological evaluation by this method is semi-quantitative, but pro-
vides very strong prediction for determining patient prognosis (6). 
In addition, it is known that histological grading is associated with 
histological type as well as with molecular changes such as estrogen-
progesterone receptor expression and HER-2 ampli�cation (7). In the 
traditional approach, a number of powerful parameters such as tumor 
size and extension pattern (particularly lymph node involvement sta-
tus) determine the stage of the disease, and these are important prog-
nostic factors. �e principles of a staging system that can be applied to 
all types of cancer and parameters of tumor, node, metastasis (TNM) 
were de�ned by Pierre Denoix, and has gained wide acceptance shortly 
afterwards (8, 9). �e TNM system is used as a common language 
among treatment centers widely all over the world, to guide treatment 
planning, provide a possibility to demonstrate the e�ectiveness of the 
treatment during follow-up and predict prognosis. However, with ad-
vances in diagnosis and treatment of breast cancer, improving technol-
ogy and increased knowledge, initiatives to evaluate tumor biology in 
detail, accumulation of new data showing that most prognostic factors 
are related to biological features of the tumor, and most importantly 
the observation of very di�erent survival rates within tumors with the 
same TNM group and same histological type have led to the search for 
alternative solutions.

�e TNM
EIO

 system was suggested by the European Institute of 
Oncology (EIO) in an e�ort to include tumor characteristics a�ect-
ing treatment decisions in the TNM system (10). In this system, all 
anatomical and biological properties such as ER, PR, HER-2 of the 
tumor are included. It was suggested that if the diameter of the breast 
carcinoma is 1.3 cm it can be de�ned as T1.3, similar application can 
be used for lymph node invasion, the number of all examined lymph 
nodes including sentinel lymph and the number of lymph nodes 
with invasion (e.g. N0/1, N3/9, Ns0/9, s: sentinel lymph node), and 
the site of metastasis is presented with a su�x to M (M

H
: Hepatic 

metastases, M
L
: Lung metastasis). According to this system, a tumor 

with a maximum size of 1.8 cm, ER positive, PR negative, HER2 
positive, with liver metastases, and invasion in 2 out of 26 lymph 
nodes is coded as T1.8, ER +, PR-, HER2 +, N2/26, M

H
. Some 

centers prefer more aggressive treatment modality in tumors with 
lympho-vascular invasion. 

Indexes such as Nottingham Prognostic Index (11), Adjuvant! Online 
(AO) (12) and St. Gallen criteria (13) are widely used when deciding 
on treatment, in order to increase the success of predicting survival 
and development of metastatic disease. Histopathologic evaluation 
is very e�ective in directing clinical treatment of breast cancer pa-60
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Figure 1. a-d. Intratumoral heterogenity with H&E, IHC and CISH. (a) Comedo-type ductal carcinoma insitu morphology containing focal 
invasive ductal carcinoma (b) Heterogenity in breast carcinoma lymph node metastasis (papillary, micropapillary and ductal morphology) 
(c) ER positivity and heterogeneity in breast carcinoma (d) Intratumoral heterogeneity with CISH

a b c d



tients. However, the signi�cant di�erences detected among patients 
with the same histological subtype (eg, tubular carcinoma) and the 
same histological grade-the same stage (eg, node-negative disease) 
in response to treatment and long-term survival, as well as bene�ts 
of tamoxifen treatment in ER positive patients, and of trastuzumab 
treatment in patients with HER-2 ampli�cation, all support the 
belief that breast cancer is a heterogeneous group of diseases, thus 
pointing out the importance of biological properties of the tumor in 
its management. Although the value of clinical data and algorithms 
are limited with results from undersized clinical studies, it is prom-
ising that new generation molecular methods can provide a more 
precise classi�cation, thus more targeted and perhaps individualized 
treatment options.

New Era, New Beginning

All kinds of molecular analytical methods applied to cancer tissue help 
us determine the prognostic and predictive factors of the cancer. To-
gether with the introduction of microarray-based technological appli-
cations, which is one of these bene�cial molecular analytical methods, 
the development and use of genomic and expression pro�ling studies 
has led to development of a breast cancer classi�cation system based 
on tumor biology rather than morphology. Studies conducted with 
this method also support the idea that breast cancer is a molecularly 
heterogeneous disease with di�erent clinics, and that it is a complex 
disease containing di�erent gene expression patterns that in�uence 
prognosis (14-17). �e results of these studies are believed to be more 
objective than the currently used relatively subjective histopathologi-
cal evaluation. New era, new methods applied with new technology 
provide de�nition of various aspects of breast cancer again but in a 
di�erent way, and allows us correlating these with morphological ap-
pearance of breast cancer. Nevertheless, it must be remembered that 
new molecular technological evaluation methods are not completely 
independent, and in fact, the data obtained incorporate many assump-
tions.

Perou and Sorlie proposed “Molecular Classi�cation” terminology 
in breast cancer for the �rst time with a comprehensive study show-
ing the di�erences in gene expression in 2000 (14). In this study 
breast cancer was divided into di�erent sub-groups according to vari-
ous gene expression: “Luminal” (often di�erentiated in two or three 
subgroups; re�ecting ER, ER regulatory genes and the expression of 
genes expressed in normal luminal epithelial cells), “HER-2 posi-
tive “(re�ecting ErbB2 / HER-2 ampli�cation and overexpression),” 
basal “(re�ecting ER, PR, and HER-2 negative and the expression 
of genes expressed in normal breast basal and / myoepitelial cells). 
A normal-like subgroup has been described, but the importance of 
identifying this subgroup and its consequences are not clear, because 
it seems to represent samples with low tumor cell content and more 
normal tissue components. Such molecular subtypes were formed 
by di�erentiation of numerous intrinsic genes (showing very little 
di�erence in the repeated samples of the same tumor but high rates 
of di�erence in di�erent tumors) and clustering of patients in a hier-
archical order to separate into di�erent groups in terms of transcrip-
tion (14). Since only samples belonging to a retrospective evaluation 
of numerous cases can be classi�ed with this method, the “Single 
Sample Predictor (SSP)” has been de�ned. With the implementation 
of SSP, inclusion of a single tumor to a speci�c subtype was provided 
by using the closest main class of the tumor (16-18). SSP2003, the 
�rst described SSP, includes 500-gene expression (16). SSP2003 is 
further di�erentiated with repetitions of intrinsic gene lists, yield-
ing two new SSPs: SSP2006 and PAM50 (17, 18). �ere are certain 

limitations of SSPs de�ned in this way. Pusztai et al. (19) emphasized 
such limitations in detail, and showed that even small changes in the 
initial set of de�ned SSPs can lead to signi�cant changes in hierarchi-
cal clustering that is used de�ning subgroups. �us, the stability of 
the method has been questioned (19, 20).

It was shown that three main subtypes can be identi�ed in a stable 
manner by only using genes related to ER and HER-2 phenotypes 
instead of using hundreds of intrinsic genes (21). �ese subtypes 
are ER- / HER2- (basal-like), HER2+(HER2-Enriched), and ER+/ 
HER2- (luminal A and B combined). Mackay et al. (22) pointed out 
that there was no inter-observer harmony in de�ning subtypes from 
dendrograms generated by hierarchical clustering. Such complex 
studies and assessments have led to new, alternative classi�cation ap-
proaches (23): In this approach model, an mRNA expression predictor 
that classi�es breast tumors in four molecular entities, by quantitative 
measurement of three genes, namely ESR1, ERBB2 and AURKA. �e 
AURKA mentioned in this context is a proliferation module providing 
separation between low and high-proliferative tumors (aurora kinase 
A [AURKA]). �e four entities de�ned by this model are as follows: 
ER +/ HER2-/ low proliferative, ER +/ HER2-/ high proliferative, 
HER2+and ER-/ HER2-. 

�e de�ned model is a simpli�ed subtype classi�cation model (Sub-
type Classi�cation Model-SCM) and contains only ESR1, ERBB2 
and AURKA genes, and is simply known as SCMGENE. It was re-
ported that major breast cancer intrinsic subtypes can be de�ned by 
SCMGENE determinants (ESR1, ERBB2 and AURKA), and that it 
provides a �rm distinction for clinical use similar to 50 genes pre-
dictor (PAM50). A recent study compared results from PAM50 and 
SCMGENE in terms of di�erent factors (such as patient prognosis, 
pathologic complete response, biological di�erences) (24). �is study 
concluded that classi�cation into major molecular subtypes that are 
clinically relevant was the best model of those including wider gene 
panels.

Despite the ongoing debate on advantages of molecular subtyping 
methods of breast cancer over each other, basically luminal A, luminal 
B, HER2, basal and normal-like molecular subgroups represent di�er-
ent prognostic subgroups, has led to rapid acceptance of the proposed 
classi�cation system into clinical practice. E�orts have been made to 
ensure widespread use of molecular classi�cation system as a diagnostic 
tool and prove its validity. It was proved that various data from di�er-
ent patient study groups and di�erent array platforms overlap with the 
classi�cation system quite tightly (15-18).

Detection of di�erence in response to treatment and metastatic pat-
tern according to molecular subtypes further increased the value of 
molecular classi�cation (25, 26).

Ultimately, the idea that a patient with breast cancer can be classi�ed 
according to the molecular subtype of the tumor and thus directed 
to appropriate, speci�c, targeted therapies has become very attractive. 
Nowadays the search for speci�c, targeted, personalized treatment pro-
grams are ongoing in all types of cancer. �ere are controversies if data 
obtained from the assessment of histological grade of the tumor, ER 
and HER-2 status can provide appropriate treatment that the molecu-
lar classi�cation will bring.

What are the molecular subgroups?

�e current molecular classi�cation divides breast cancer into �ve 
groups as luminal A, luminal B, HER-2, basal and normal breast 61
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like. Further grouping of these subgroups seem possible and neces-
sary. Recently, HER-2 subgroup is divided into three groups that 
clinically behave di�erently, one of them reported to have a highly 
aggressive behavior. Because of these di�erences, determinants that 
can explain di�erence in prognosis of patients with HER-2 have 
been tried to develop (27). Based on these studies, it is expected that 
di�erences in prognosis despite treatment programs directed with 
molecular indicators that provide data on tumor molecular identity, 
prognosis, and individualized treatment will be an even more pro-
nounced subject in the near future. For example, based on HER-2 
patients who were resistant to treatment with monoclonal antibodies 
(Herceptin) targeting the extracellular domain or those who relapsed 
after treatment, possible causative mechanisms were investigated 
(28-30). It was reported that a portion of HER-2 positive breast can-
cer patients with poor prognosis express a heterogeneous group of 
HER2 carboxy-terminal fragments known as p95HER2 (29). One 
of these fragments, 611-CTF, is the oncogene of HER2. �us, it 
was concluded that 611-CTF gene status was probably e�ective in 
the progression of p95HER2 positive tumors. In addition, the ex-
pression of HER2 isoform that encodes a receptor without exon 16 
is known as delta 16HER2, and is recognized today as one of the 
trastuzumab resistance mechanisms (31).

Molecular Subgrouping Valid in Clinical Use

Most of molecular subgrouping studies were performed on non-spe-
ci�c types of ductal carcinoma and is well known, this histological 
group contains non-speci�c tumor types. �erefore, e�orts aiming to 
separate this group of heterogeneous group into subgroups seem to be 
meaningful. Molecular subgrouping can be provided by using a few 
immunohistochemical markers. A panel including ER, PR, HER2, Ki-
67, epidermal growth factor receptor (EGFR) and basal cytokeratins 
(CK14 and CK5 / 6 etc) can be used to distinguish between “luminal”, 
HER2 and triple negative tumors. In fact, there is no consensus on 
the determinants de�ning “basal” tumors, nevertheless it is considered 
that the use of EGFR and CK5 / 6 can aid in identi�cation of this 
subgroup and predict prognosis (32).

Proliferation markers are very important in molecular subgrouping 
besides ER and HER-2, especially in ER-positive tumors. However, 
the appropriateness of using Ki-67 or more detailed mitotic index 
scoring system as a proliferation marker has been questioned. �e 

application of a Ki67 scoring as positive / negative or high / low 
in patient follow-up and treatment is controversial and there is no 
consensus on this issue today. Separation of luminal tumors into sub-
groups is mainly based on proliferation intensity. �erefore, a gene 
expression pro�ling study combined with IHC was conducted in or-
der to determine the Ki67 limit value that can be used routinely to 
distinguish luminal a tumors from luminal B tumors (33). �e limit 
value in this study was determined as 13.25%. It is obvious that ap-
plication of such a precise limit in clinical practice is not very realis-
tic. It seems that there is need for more practical prognostic tests that 
can be evaluated in routine diagnostic pathology laboratories and 
used in clinical practice. Similar to histological evaluation, molecular 
tests that show the average gene expression level show that breast 
cancer is a heterogeneous tumor. �is situation could partly explain 
the mismatch in tumor distinction into molecular subtypes. Vari-
ous algorithms have been developed to place each tumor into one 
of the �ve basic molecular subtypes (luminal or luminal B, normal 
breast-like, HER2 and basal) (16-18). �ese algorithms are de�ned 
as “Single Sample predictors” (SSP), as previously referred to. Since 
each new diagnosed breast cancer patient should be separated into a 
speci�c molecular subgroup in order to determine the prognosis and 
decide on speci�c treatment, application of such algorithms will be 
required.

Major molecular subtypes According to gene expression pro�les in 
breast cancer are summarized in Table 2 (34, 35).

Special Type Tumors

Histopathological special types of breast cancer constitute approxi-
mately 25%, have di�erent architectural patterns, are less associated 
with clinical features, and have a better prognosis than non-speci�c 
type ductal carcinoma. Most of the gene expression pro�ling stud-
ies are related to non-speci�c type ductal carcinoma. Evaluation of 
molecular properties for speci�c types of breast cancer has not been 
systematically studied as much as in non-speci�c ductal carcinoma. 
Genomic and gene expression studies have also shown that special 
histological types are much more homogenous than the non-speci�c 
ductal carcinoma. �is emphasizes the importance of morphologi-
cal assessment made  by histopathologists (Figure 2). Special types of 
breast cancer can be explained by speci�c somatic re-organization, re-
sulting in speci�c development patterns that pathologists have been 
de�ning morphologically for years. Indeed, some special types are 
associated with speci�c genetic alterations that describe both their 
special developmental pattern and their speci�c behavior (36). �e 
most descriptive molecular feature of lobular carcinoma is the loss 
of E-cadherin. In addition, translocations observed in various malig-
nancies other than the breast were observed in secretory carcinoma, 
and adenoid cystic carcinomas (37, 38). Weigelt et al. (39) demon-
strated that each speci�c subtype in 113 breast tumors containing 11 
di�erent special types (other than lobular and apocrine special type) 62
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Figure 2. a-d. Specific subtype examples (a) Invasive cribriform carcinoma (b) Mucinous carcinoma (c) Medullary carcinoma (d) Invasive 
lobular carcinoma, containing lobular carcinoma insitu foci

a b c d

Table 1. Histologic type scoring

Total Score Histologic Grade

3-5 I

6-7 II

8-9 III



actually belonged to only one molecular subtype (luminal, HER2, 
have proven that normal breast-like and basal) by gene expression 
pro�ling study. According to this study, neuroendocrine and mu-
cinous carcinomas have very similar genetic pro�les, which was an 
expected �nding due to the histopathologic observation of these two 
components within the same tumor. Adenoid cystic, medullary, and 
metaplastic carcinomas were within basal group, as expected. How-
ever, it was interesting that despite these carcinoma’s good prognosis, 
they were included in poor prognosis category with other basal tu-
mors (39). �is situation is de�ned in basal phenotype non-speci�c 
type ductal carcinoma and re�ects the signi�cant heterogeneity of 
basal-type. In addition, it should be emphasized that “histopatholog-
ical evaluation” is much more important than molecular subtyping 
in diagnostic application for special types such as these. 

Histological and molecular characteristics of speci�c types of breast 
cancer are shown in Table 3.

Exclusive Subtype: Lobular Carcinoma

Five to 15% of all breast cancers are invasive lobular carcinomas (ILC), 
and it is the most common “special type”. �e very special biological 
and clinical behavior patterns of ILC are more important than the 
fact that they are histopathologically di�erent forms from non-spe-
ci�c ductal carcinoma. Although ILC has better prognostic features 
as compared to IDC, they exhibit a similar to or worse outcome than 
ductal carcinoma in long-term follow-up (40-43). �e slow progress 

and di�use growth pattern that results in diagnostic delay, di�culty 
in detection by routine screening programs, and di�culty in obtain-
ing reliable and safe surgical margins may be suggested as reasons for 
this situation. �us, ILC presents with distant metastases. �e ILC 
metastasis pattern is also very interesting by its being quite di�erent 
from IDC, with metastasis to bone, gastrointestinal tract, gyneco-
logical organs and peritoneal cavity (44-46). �is complex structure 
of ILC may also partly be explained by a large number of variants. 
�ese variants can be listed as solid, alveolar, pleomorphic, mixed 
ductal / lobular, tubulolobular, signet ring cell and histiocytic type 
(47). Except the pleomorphic subtype, our information on these 
variant’s biological and clinical behavior is limited (48-53). Only a 
few studies showed association between alveolar and solid types with 
classical type (54).

ILC cells have characteristic cytologic features and a diffuse 
growth pattern. Mostly, they are histological grade 2 and do not 
show lymphovascular invasion. Generally, they are ER and PR 
positive, and they rarely express HER2, p53, EGFR and basal 
cytokeratin. 

Molecular analysis of lobular carcinoma is not studied as much as non-
speci�c ductal carcinoma. �ey are mostly luminal subtype, but basal 
and HER2 subtypes were also identi�ed.

Weigelt et al. (39) suggested a close relationship between tubular 
carcinoma and lobular carcinoma based on their observation of very 63
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Table 2. Major molecular subtypes of breast cancer

                      Molecular Subtype

 Luminal A Luminal B HER2/neu Basal likea

Gene Expression of luminal (low Expression of luminal (low High expression of High expression of basal 
expression molecular weight) molecular weight) cytokeratins, HER2/neu, low epithelial genes and basal 
pattern cytokeratins, high expression moderate-low expression of expression of ER and cytokeratins, low expression  
 of hormone receptors and  hormone receptors and related genes of ER and related genes, 
 related genes related genes  low expression of HER2/neu

Clinical 50% of invasive bresat cancer, 20% of invasive breast cancer, 15% of invasive breast cancer, ~15% of invasive breast cancer, 
and biologic ER/PR positive, ER/PR positive, HER2/neu ER/PR negative, HER2/neu most ER/PR/HER2/neu 

properties HER2/neu negative expression variable, higher positive, high proliferation, negative (triple negative), high 

  proliferation than Luminal A, diffuse TP53 mutation, high proliferation, diffuse TP53 

  higher histologic grade histologic grade and mutation, BRCA1 dysfunction 

  than Luminal A nodal positivity (germline, sporadic)

Histologic Tubular carcinoma, Invasive ductal carcinoma,  High grade invasive High grade invasive  
correlation Cribriform carcinoma, NOS ductal carcinoma, NOS ductal carcinoma, NOS 

 Low grade invasive ductal  Micropapillary carcinoma  Metaplastic carcinoma,  
 carcinoma, NOS, Classic   Medullary carcinoma 

 lobular carcinomab

Response to Response to Response to endocrine therapy Response to trastuzumab No response to endocrine 

treatment endocrine therapy (tamoxifene and aromatase (Herceptin) therapy or trastuzumab 

and prognosis  inhibitors) not as good as Luminal A

 Variable response to Variable response to  Response to chemotherapy Sensitive to platinum group 

 chemotherapy chemotherapy (better than with antracyclins chemotherapy and PARP 

  Luminal A)  inhibitors

 Good prognosis Prognosis not as good Usually unfavorable Not all, but usually 

  as Luminal A prognosis  worse prognosis

PARP poly-adenosinediphosphate ribose polymerase

a Basal like tumor group includes a low-grade group with low proliferation but expression of basal type (high molecular weight) cytokeratin and triple negative 
phenotype ( like adenoid cystic carcinoma, secretuar carcinoma). 

b Classical lobuler carcinoma generally exhibits luminal A properties, while pleomorphic lobular carcinoma usually shows features of other molecular subtypes. 



close hierarchical clustering in lobular and tubular carcinomas. In 
genomic analysis, lobular carcinomas show a similar genomic pro�le 
to low-grade ductal carcinomas, and this genomic pro�le is very dif-
ferent from high-grade ductal carcinomas. �is �nding shows a close 
developmental relationship between “low-grade (low-grade ductal and 
lobular)” and ER positive tumor types. Results of initial genomic stud-
ies detected that boundaries between ductal and lobular carcinomas 
were unclear, therefore they supported the idea that all low-grade can-
cers (ductal, lobular and tubular) represent a low-grade tumor family 
beginning from a general precursor, such as columnar cell lesions (55-
58). Expression pro�le studies of lobular, ductal and low-grade duc-
tal carcinomas were studied with the idea that a classi�cation such as 
ductal and lobular might not be proper   and it was found that they had 
similar pro�les (59-61). However, despite similar pro�les were detected 
in tubular, lobular and low-grade tumors, di�erences in speci�c gene 
expressions suggest that these types are di�erent entities. Especially in 
lobular tumors, decreased functions of genes associated with cell adhe-
sion and extracellular matrix were described. �us, these di�erences 
determined in gene expression in lobular tumors re�ect characteristic 
di�erences in the development pattern of invasive lobular carcinomas 
and the loss of E-cadherin that is a cell adhesion molecule (62, 63). 

Including lobular breast cancer in a classi�cation like molecular lumi-
nal A, luminal B, HER2 or basal form may cause a lack of understand-
ing in the complex structure and heterogeneity of breast cancer, be-
cause lobular breast cancer is a very special subtype in all breast cancers

Studies investigating changes in epigenetic mechanisms such as DNA 
methylation, and in genetic information carriers that do not code 
but can lead to functional changes such as microRNA (miRNA) will 
enable more accurate and complementary description of molecular 
structure of breast cancer. A comprehensive study that used various 
technological platforms with di�erent breast cancer types has identi-
�ed subtype-speci�c mutations and copy number changes that enabled 
understanding tumor biology and achieving the targeted treatment by 
evaluation of many cancer development pathways in di�erent subtypes 
(64). However, the implementation of treatment programs targeting 
these changes will depend on an increase in the number of such stud-
ies, and results from larger study groups.

Conclusion

Molecular subtyping developed in breast cancer emphasized biologi-
cal heterogeneity, which has been histopathologically de�ned by pa-
thologists for a long time. In the last twenty years, identi�cation of 
HER2 pathway and the relevant use of Herceptin, the use of DNA 
repair mechanisms and PARP inhibitors were possible by clari�cation 
of breast cancer biology with molecular methods and the emergence of 
new horizons for the development of new therapeutic interventions. 
�e perception on what we know and what we have just de�ned on 
genomic architecture underneath di�erent subtypes of breast cancer 
will probably change with the new generation of molecular methods 
including next-generation sequencing. We must not forget that molec-
ular classi�cation of breast cancer is still in the development stage and 
has limitations of today. Old fashioned, traditional histopathological 
subgrouping has many features for us to prefer this classi�cation espe-
cially in special types (such as lobular or ductal, secretory, micropapil-
lary, adenoid cystic carcinoma). In this regard, accepting and applying 
the conventional histopathological methods and new molecular stud-
ies, as a “partnership” seems to be the best way for follow-up in breast 
cancer. It is clear that we are not in an era where either pathologists can 
leave their microscope aside and make a classi�cation of breast cancer 
based on computer, or oncologists can implement follow-up programs 
just based on molecular classi�cation. 

In conclusion, the traditional old-fashioned way should be together 
with a molecular classi�cation based new-fashion way.
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Table 3. Histologic and molecular properties of specific type breast cancer

      Specific IHC/ 
Molecular Common  ER status HER2 status Ki67 molecular 
subtype histologic types HG (by IHC) (by ISH/IHC) (by IHC) properties

Luminal A Classical, lobular, 1 or 2 + - Low Luminal CK +, 
 tubular, cribriform     E-cadherin +/-

Luminal B Micropapillary 2 or 3 +/- -/+ High Luminal CK +, 
      p53 mutations

Basal  Medullary, metaplastic, 3 - - High 

like adenoid cystic, secretory     Basal CK+, p53 mDNA repair 

      loss, EGFR+/- mutations

Mol. Apocrine, plemorphic 2 or 3 - -/+ High Androgene receptor+ 

apocrine lobular

Claudin-low Metaplastic 3 - - High Cancer like stem cell, EMT like,  
      low E-cadherin level

As depicted in the table, most specific type breast cancer are homogenous entities and are included in only one molecular subtype (such as adenoid cystic 
carcinoma basal like, micropapillary carcinoma luminal type). However, specific types such as classical and pleomorphic lobular carcinoma and apocrine 
carcinoma are heterogenous. The table depicts probable histologic grade, ER, HER2, Ki67 status for each molecular classification.
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