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ABSTRACT 

 

Breast cancer becomes one of the most serious health issues among women and leading cause of 

death among them. Breast cancer continues to be prevalent and growing malignancy among women. 

While since last two decades, breast cancer research has led to a remarkable progress in understanding 

the breast malignancies and thus resulting in treatments of less toxicity and more efficiency. Breast 

cancer is a diverse disease having different molecular and histological features; and different groups 

of breast cancer response differently to different treatment therapies. Besides stage of the disease, the 

rate of prognosis and survival also depends on molecular subtype. So, for the proper treatment of 

breast cancer, it is important to know the complete classification of breast cancer and their response to 

different treatment strategies. About 25% of histological type of breast cancer is invasive breast 

cancer. Based on morphology, behavior and clinical presentation invasive breast cancer show broad 

range of tumor types. Molecular classification generally based on gene expression of mRNA. 

Molecular subtype provide new provides for the treatment strategies for breast cancer treatment.  
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INTRODUCTION 

Carcinogenesis might occur in every cell, 

tissue, and organ, leading to the pathological 

alterations which results in a various kind of 

cancers. The major mechanisms that help its 

progression include avoidance of apoptosis, 

acceleration of rate of cell division, 

enhanced angiogenesis, resistance to anti-

growth signals and induction of own growth 

signals; and capacity to metastasized. 

Carcinogenesis is a process which is 

stimulated by multiple factors but the 

primary factors are- predispositions of 

genetic materials and environmental causes 

[1]. 

Cancer cells are the normal cells that 

behaving abnormally that are beyond the 

paradigm of life and death. Like an 

organism that evolves through a process of 

mutation and natural selection, cancer cells 

also progress from normal cell through 

selective transformation to malignancy [2]. 

Breast cancer is the most common type of 

malignancy among women, the number one 

cause of mortality by cancer, and one of the 

leading causes of morbidity and mortality 

for women worldwide [3].  Breast cancer is 

currently one of the most frequently 

diagnosed cancers and 5th cause of death 

related to cancer which estimated a number 

of 2.3 million cases worldwide according to 

the GLOBOCAN 2020 data [4]. 

The current edition reports of the 

International Agency for Research on 

Cancer (IARC), an increase of 66% global 

number of cancer deaths since 1960. 

Currently, breast cancer is the second most 

common cancer after lung cancer 

worldwide. Regarding possible 

minimization of breast cancer incidence, 

several procedures such as prevention 

behaviors as well as screening programs are 

crucial and the implementation of early 

treatment. Currently, the Breast Health 

Global Initiative (BHGI) is responsible for 

preparation of proper guidelines and 

approaches to provide sufficient breast 

cancer control worldwide [4]. In this review 
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article, we aim at providing information 

regarding breast cancer. 

 

1. Breast Cancer 

Cancer is usually named after the body part 

in which it originated; thus, breast cancer 

refers the abnormal growth and proliferation 

of cells that originate in the breast tissue [5]. 

Generally, breast is composed of two main 

types of tissue: glandular tissues and stromal 

tissues. Glandular tissues have glands 

(lobules) which produce milk; while stromal 

tissues are fatty and fibrous connective 

tissues of the breast. The breast is also made 

up of lymphatic tissue, immune system 

tissue which removes cellular fluids and 

waste [6]. There are several types of tumors 

that may develop within different areas of 

the breast. Most of the tumors are benign 

i.e., non-cancerous. For example, 

Fibrocystic change in which cysts is develop 

in women; fibrosis i.e., formation of scar-

like connective tissue; lumpiness, and areas 

of thickening, tenderness or breast pain [7]. 

Most of the breast cancers begin in the cells 

that line the ducts (i.e., ductal cancers). 

Some begins in the cells that line the lobules 

(lobular cancers) and some starts in the 

other tissue [8].  

The main risk factor for breast cancer is age. 

Other significant factors are low rates of 

breastfeeding and low parity, which 

explains why breast cancer is the classical 

cancer of nations of high-resource and is, 

continues to increase in almost all countries 

[9]. Breast cancer is a tragedy for the 

individual who are affected. When detected 

at early stages, it is highly curable disease 

and an inevitably mortal disease when 

discovered too late. Access to high-quality 

care, early diagnosis, and proper surgical 

and medical treatment can mean the 

difference between life and death [10]. 

 

2. Classification of Breast Cancer 

Breast Cancer is a disease which is 

heterogeneous in nature, having different 

histological features and molecular behavior 

[11, 12]. Earlier, breast cancer treatments 

were done by characterization of tumor’s 

histological features, tumor’s clinical stage 

and biomarker profiling. But from the last 

few decades, it can be now subgroup by 

molecular profiling, growth factor 

expression and hormone indicators etc. The 

diversity of breast cancer was known to 

histopathologist and divides the disease into 

subtypes [12, 13, 14, 15]. But the multiple 

molecular subtypes of breast cancer 

revealed after researcher published high-

throughput micro-array based class 

discovery studies of breast cancer [16, 17, 

18, 19]. 

 

Histological classification 

The pattern of growth of the tumors refers to 

as histological subtype. The pathologist has 

been fascinated by adenocarcinomas in 

breast and they have identified distinct 

cytological patterns and morphological 

features that are associated with specific 

clinical outcomes or symptoms. This pattern 

of classification is called as histological 

types. The World Health Organization 

(WHO) recognizes about 18 distinct 

histological types of breast cancer [20]. 

WHO classified breast cancer primarily into 

two categories- Carcinomas and Sarcomas 

[21].  Breast cancer classified under 

carcinomas, if it originates from epithelial 

cell-based components i.e., terminal ducts 

that are responsible for milk and lobules. 

Then further spreads to the Mammary Stem 

Cells (MSC) [22, 23]. But inception of 

sarcoma takes place from connective 

tissues, which support the ducts and the 

lobules of the breast such as blood vessels 

and myofibroblast. 

Breast carcinoma heterogeneity sub-divided 

into invasive and in-situ carcinomas. Study 

demonstrated that most of invasive breast 

cancer and their in-situ precursors originate 

or localized from terminal lobular-duct unit 

[24, 25]. If not intercepted, the invasive 

carcinomas could penetrate the neighboring 

tissues and metastasize to other body tissue 

and organs. Based on the morphology, 

invasive carcinomas are further classified 

into No Special Type (NST) or formal Not 

Otherwise Specified (NOS) type or 
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Morphologically Identifiable types. No 

special type (NST) which was formally 

known as Invasive Ductal Carcinoma (IDC), 

is the most frequently occurring type of 

subgroup (40-80% of all breast cancer) [26]. 

About 25% of invasive breast cancers are 

recategorised into specific subtypes such as 

Invasive Lobular Carcinoma (ILC), 

Mucinous A, Mucinous B, Neuroendocrine  

and Tubular as they presents some specific 

cytological features and growth patterns 

[27]. In Invasive Lobular Carcinoma (ILC), 

the tumor growth involves by penetration of 

single cells or cells segregated in sheets 

with some genetic and molecular aberration 

which differ from Invasive Ductal 

Carcinoma (IDC) [28].  

Recently, two new entities of rare subtypes 

of invasive carcinomas have been identified 

and listed in World Health Organization 

(WHO) list of Breast cancer’s classification 

2019 :- Mucinous cystadenocarcinoma of 

No Special Type (NST) and Tall Cell 

Carcinoma with Reverse Polarity (TCCRP) 

[29]. They both possess same tall columnar 

cell morphology, but their core components 

are different. TCCRP shows some features 

similar to salivary gland-type tumor and 

papillary thyroid carcinoma. However, 

Mucinous cystadenocarcinoma of NST 

contains abundance of luminal mucin and 

they possess cytomorphology of ovarian 

mucinous cystadenocarcinoma and 

pancreatobiliary adenocarcinoma. They 

exhibit low malignant potential, although 

they are categorized to invasive carcinomas 

[29]. The grading system of invasive breast 

cancer heterogeneity analyzes the tubular 

structures, percentage of tumor in glands, 

the mitotic rate and degree of nuclear 

polymorphism or nodes. But the stages of 

breast cancer differ from its grading system. 

Grading system allows simplification of 

breast cancer staging by exhibiting breast 

cancer’s spread; however, breast cancer 

staging represents the tumor’s appearance. 

But in Nottingham Prognosis Index (NPI), 

which is a clinical tool determining the 

prognosis during breast cancer surgery, both 

grading and staging system incorporated 

[30]. 

 

Molecular Classification 

Based on gene expression levels of mRNA, 

invasive breast cancer can also be 

categorized into molecular subclasses called 

as molecular classification. Gradually, 

various molecular biomarkers have been 

recognized which help in sub typing breast 

cancer based on cytogenic pathways [31], 

genomic instability [32], gene expression 

levels [16, 33] etc. Now, the high-

throughput screening on biomarkers 

technology of modern molecular pathology 

provides more explanation for breast cancer 

heterogeneity. It delivers various 

biomarkers such as- Progesterone Receptors 

(PR), Estrogen Receptors (ER) and Human 

Epidermal Growth-factor Receptor 2 

(HER2) that categorized breast cancer into 

several molecular subtypes. In 2000, Perou 

et al., identified 4 molecular subtypes from 

microarray gene expression data which was 

done by a experiment on a sample of 38 

breast cancers, that 4 subtypes are- Luminal, 

HER2-enriched, Triple-negative or Basal-

like and Normal Breast-like [16]. Again, 

further studies divide the luminal breast 

cancer into subgroups i.e., Luminal A and B 

[17, 34]. Additionally, another 5th subtype- 

Claudin-low breast cancer was discovered 

in 2007 in an experiment where the human 

and murine mammary tumors were analyzed 

together [35]. Classification of breast cancer 

will help in accelerating the prognosis and 

selection of treatment. 

 

Luminal Breast Cancer 

About 70% of all cases of breast cancers in 

Western populations are comprise of 

Luminal breast cancer which are Estrogen 

Receptor (ER) - positive tumors [36]. 

Commonly Luminal-like breast cancers falls 

under invasive breast cancer (IBC) of no 

special subgroup, but sometimes may be 

divided into invasive cribriform, mucinous, 

invasive lobular, tubular, and invasive 

micropapillary carcinomas [12, 37]. 

Luminal-like tumors are divided into- 
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Luminal A and Luminal B subgroups based 

on different clinical outcomes of two 

biological pathways:- Luminal-regulated 

pathways and proliferation related 

pathways. 

The main characteristics features of 

Luminal A tumors are presence estrogen-

receptor (ER) and/or progesterone-receptor 

(PR) and absence of HER2. In this type the 

expression of the luminal epithelium lining 

the mammary duct due to the activation of 

the genes by the estrogen-receptor (ER) 

transcription factors [11, 38] and this type 

also shows low expression of cell 

proliferating genes [39]. In contrast to 

Luminal A type, Luminal B tumors may be 

progesterone-receptor (PR) negative and 

HER2 positive but estrogen-receptor (ER) 

positive. This type shows high expression of 

cell-proliferation related genes, example, 

MK167 and AURKA [40, 41] and shows 

lower expression of luminal epithelium 

related genes or proteins such as FOXA1 

[38, 42] and progesterone-receptor (PR) 

[38]. Generally, luminal A tumors are of 

low histological grade and lower 

proliferating rate while luminal B tumors 

are of higher histological grade and shows 

higher proliferating rates and worse 

prognosis than the tumors of luminal A [11, 

16, 17, 43, 44]. 

 

Estrogen-receptor (ER) is the earliest and 

most commonly used biomarkers for breast 

cancer [45, 46]. Studies suggest that 

approximately 80% of all breast cancers are 

Estrogen-receptor positive (ER+). Originally 

the luminal tumors of ER-positive were 

described as those that express patterns of 

growth that similar to ‘normal luminal 

epithelial cells’ of the mammary gland 

associated with an active pathway of ER 

pathway, and low molecular weight 

cytokeratins 8/18 [11, 16, 17, 18, 44]. 

According to stem-cell cancer model, from 

the most primitive stem cells, the ER 

negative breast cancer ascends, where the 

pattern of mutations makes it difficult to 

differentiate into ER-positive (ER+) cells 

[47]. On approximately 500 genes’ intrinsic 

factors, a broader gene expression profiling 

(GEP) differentiate ER positive breast 

cancer into subtypes- luminal A and B [18]. 

According to a study, the expression of ER+ 

genes and luminal genes are high in 

luminal-A subtype than in luminal B 

subtype. Similarly, prognosis and overall 

survival of luminal-A is greater than 

luminal-B subtype. Likewise luminal-B 

subtype also expresses low response to 

endocrine therapy which corroborates with 

the low ER/PR-expression [48, 49, 50], but 

shows high expression of Ki-67 [51] and an 

over expression of HER2 which is unusual 

[52]. 

 

Progesterone-receptor (PR) is an ER-

regulated gene which plays an important 

role for the lobuloalveolar development of 

mammary glands [53]. Ductal outgrowth of 

the mammary gland is induced by estrogen 

and receptors of estrogen, while 

progesterone and progesterone-receptor 

(PR) regulates morphogenesis of ducts of 

mammary gland [54]. The side-branching of 

mammary gland is stimulated by localized 

PR cluster by inducing Insulin-like Growth 

Factor 1 (IGF-1) [55]. Progesterone-

receptor negative (PR-) breast cancer is 

more aggressive than progesterone-receptor 

positive (PR+) breast cancer as PR acts as a 

negative indicator of tumor aggression [56].  

ER and PR receptors have four subgroups 

under Luminal A and B subtypes: ER+/PR+, 

ER+/PR-, ER-/PR- and ER-/PR+. In a study 

of the subgroups, it was found that double 

positive subgroup (ER+/PR+) shows more 

receptiveness towards the treatment of 

endocrine such as tamoxifen as compared to 

the subgroups where the expression of PR 

lacks in the ER+ subset (ER+/PR-) [57, 58]. 

Double negative subgroup (ER-/PR-) 

possesses a greater relapse rate, and worst 

prognosis and overall survival rate. The 

patients with ER-/PR- breast cancer are 

appropriate for chemotherapy if 

unresponsive for endocrine treatment 

therapy [48]. 
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HER2-Enriched Breast Cancer 

About 10-15% of breast cancer groups make 

up HER2-enriched group. HER2 is a 

tyrosine kinase receptor which is a 

transmembrane protein present on the 

epithelial cells of normal mammary gland. 

However, the over expression of the HER2 

receptor causes genetic instability and 

excessive proliferation, which is categorized 

as a HER2 positive (HER2+), a breast 

cancer subtype [59].  The unusual over 

expression of HER2 also shows insensitivity 

to endocrine therapy and this resistance 

power towards endocrine therapies is 

contributed by intimate crosslink between 

HER2 and ER/PR signaling pathways [60, 

57]. This crosslink excludes the deletion of 

expression of ER/PR through Selective ER 

Modulators (SERM) [61]. This subtype does 

not express luminal and basal gene and 

protein clusters; rather it expresses genes 

and proteins related to proliferation [41, 42] 

studies show evidence of mutagenesis in the 

HER2-enriched subtype, which is mediated 

by APOBEC3B. APOBEC3B is APOBEC 

cytidine deaminases’ subclass, which is a 

source of mutation clusters and induces 

cytosine mutation biases [62]. Preclinical 

and clinical studies of HER2 breast cancer 

patient show some promising outcomes. 

When chemotherapy was merged with anti-

HER2 monoclonal antibodies (trastuzumab 

and pertuzumab) [63] and inhibitor of 

tyrosine kinase (lapatinib and neratinib) 

based therapies [64]. 

 

Triple-Negative/Basal-Like Breast 

Cancer 

About 20% of the total breast cancer’s 

constituted Basal-like or Triple-Negative 

Breast Cancer (TNBC). TNBC are very 

heterogeneous of all breast cancer subtypes 

and tends to be biologically extremely 

aggressive [65]. The characteristics of the 

heterogeneous group of TNBC are, lack of 

three biomarkers such as HER2, 

progesterone-receptor (PR), and estrogen-

receptor (ER), and due to these characters, 

this type of cancer leads to a cancer of high 

stage nuclear grade with extreme mitotic 

activity and low rate of prognosis. TNBC is 

usually common among American and 

African; and women younger than the age 

of 40 years [66]. Due to lack of hormones 

like, estrogen and progesterone, this breast 

cancer type shows response to endocrine 

and other treatment therapies. The 

histological features found in TNBC are: 

ductal carcinoma infiltrates; metaplastic 

cancers, which show differentiation of 

spindle or squamous cell; rare type of 

cancers such as Adenoid cystic carcinoma 

(AdCC); may also present medullary-like 

cancer which show lymphocytic infiltration 

[67]. 

Though the term basal-like and TNBC have 

been used to designate the same type of 

cancer interchangeably, but not all cancer of 

TNBC is basal-like type. Based on the study 

of gene expression profiling and ontology of 

587 patients by Lehmann and colleagues, 

subdivided TNBC into six subtypes: basal-

like (BL1 and BL2), mesenchymal stem-like 

(MSL), mesenchymal (M), immuno-

modulatory (IM) and luminal androgen 

receptor (LER) [68]. But recent analysis of 

gene expression profiling of long non-

coding RNAs (lncRNAs) and upregulated 

mRNAs, joined the two subsets- 

mesenchymal stem-like (MSL) and 

immunomodulatory (IM) into 

mesenchymal; and BL1/ BL2 into basal-like 

to give a classification of four subtypes [69]. 

In IM subtype of TNBC, generally genes 

and cells of immune system are associated 

as biomarkers, such as chemokines, 

cytokines signaling components and 

antigen-presenting cells, etc [69]. 

The mesenchymal-like subtype of TNBC 

cells shows properties of stem cell and 

genes expresses signature of epithelial-

mesenchymal transition (EMT). Due to its 

high expression of motility-related genes, is 

associated with pathways of cell 

differentiation [68] and it is also known as 

metastatic breast cancer [68]. In 

mesenchymal-like TNBC, involves 

signaling pathways related to cell migration, 

example, Wnt pathways, extracellular 

matrix-receptor interactions pathways, 
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TGFβ signaling, biomarker of breast stem 

cell, ALDH1A1, and genes of stem cells etc 

[68]. The patients with mesenchymal-like 

TNBC may be benefited by 

chemotherapeutic drugs targeting epithelial-

mesenchymal transition (EMT), as this type 

of breast cancer is connected with growth 

factors [70]. 

Basal-like Subtype of TNBC, the neoplastic 

cells of the tumors express the genes 

generally found in normal basal or 

myoepithelial cells mammary gland, as well 

as cytokeratins of high molecular weight 

[71]. The biomarkers express by the Basal-

like breast cancer are: genes related to DNA 

replication and repair; and cell-cycle 

checkpoints [68]. Burstein and colleagues 

studied and reclassified TNBC subtypes. 

They highlight that Basal-like subtypes into 

two types i.e., BL-immune activated (BLIA) 

subtype which is upregulated by immune 

response gene and BL-immune suppressive 

(BLIS) subtype which is downregulated by 

immune regulating genes [72]. The 

ascending order of TNBC in disease-free 

survival recorded from the index of 

prognosis found- BLIA > M > LAR > BLIS 

[72]. The reason behind this order could be 

due to presence of tumor-infiltrating 

lymphocytes (TILs) in BLIA subtypes. In 

2014, TILs are recommended as a one of the 

significant parameters or stratification factor 

to evaluate breast cancer heterogeneity by 

the International TILs group [73]. 

 

Normal Breast-Like 

About 5-10% of all breast carcinomas, 

constitute normal breast-like tumors. The 

characteristics of this type of breast cancer 

are so poor and so have been classified into 

a subtype with normal breast sample and 

fibroadenomas. These kinds of breast 

cancers generally do not respond to 

neoadjuvant chemotherapy and express 

genes that are characteristics of genes 

usually an intermediate prognosis between 

basal-like and luminal cancers. This breast 

cancer subtypes does not express HER2, ER 

and PR. The clinical significance of this 

subtype is still unknown and only few 

studies are there about this subtype of breast 

cancer. Some researchers doubt the 

existence of this subtypes and thought that 

this kind of breast cancer could be technical 

artifact which could be form during the 

microarrays due to high contamination with 

normal tissue [74]. In fact, to support this 

hypothesis no cases of normal breast-like 

subtypes were found, when samples of a 

series of neoplastic cells were isolated by 

the process of microdissection. 

 

Claudin-Low Breast Cancer 

About 7-14% of all invasive breast cancers 

are Claudin-Low (CL) breast cancer tumors 

[75]. Claudin-low (CL) breast cancers are 

ER, PR and HER2 negative; and prognosis 

is poor [80]. The rate of survival of claudin-

low tumors is almost same with other poor 

prognosis subtypes such as, Basal-like, 

Luminal B, HER2-enriched etc. other 

characteristics of CL subtypes are low 

expression genes which involve in cell-cell 

adhesion such as, occluding, E-cadherin and 

claudins 3, 4 & 7. While the tumors of this 

subtypes show high expression of genes 

including, stem-like gene patterns and 

epithelial-mesenchymal transition (EMT) 

gene; and stomal and immune cell 

infiltration seen in CL tumors [75]. 

Genomically, tumors of CL are stable due to 

preventive effect of a transcription factor 

ZEB1 and less differentiated state of tumors 

[76].  

Traditional classification of breast cancer 

includes analysis of gene expression 

profiling (GEP), evaluation of immune 

histocompatibility hormone and 

examination of pathological features in lab 

check-ups. But in breast cancer numerous 

factors used as biomarkers. So, to acquire 

the knowledge on pathological features in 

breast cancer, analysis of data extracted 

from various fields such as proteomics, 

genomics, epigenetics, transcriptomics etc is 

essential to know the various pathways and 

biomarkers involved in tumors.  
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CONCLUSION 

Now days, there are so many treatment 

approaches of breast cancer such as surgery, 

radiation therapy, chemotherapy, recently 

nanotechnology and genetherapy etc. 

Advances in breast cancer diagnosis, 

screening and treatment decreased the rate 

of death. But the breast cancer mortality rate 

is still higher in less developed countries. 

The incidence of breast cancer is affected by 

various factors, of which environmental 

factors, genetic factors and lifestyle are 

important among them. Some factors can 

reduce the risk of the disease such as 

lactation, parities and exercise etc. Since, 

over the past few decades, the mortality and 

morbidity rate of breast cancer have 

increased significantly, thus there is an 

urgent need of effective prevention 

strategies to provide reduced risk. The 

modification of risk factors might play a 

crucial role in reduction of breast 

malignancies. Manual screening such as 

sonography and mammography test enables 

early diagnosis of breast cancer. Breast 

cancer is preventable if detected in early 

stage. Taking chemoprevention and 

reducing risk factors are two main measures 

of breast cancer prevention. But we have to 

create public awareness about breast cancer 

and associated risk factors. Improvement in 

sequencing technology, sequencing of 

individual genome may be an important 

evaluation method for risk of breast cancer. 

Better curative medication with less toxic 

effects and reducing mortality risk need to 

be developed in future.  

 

Conflict of Interest: None 

 
REFERENCES 

1. Hanahan, D, Weinberg RA. The Hallmark 

of Cancer. Cell 2000; 100, 57-70. 

2. Casas-Selves M,  DeGregori, J. How cancer 

shapes evolution and how evolution shapes 

cancer. Evo. Edu. Outreach 2011; 4(4), 624-

634. 

3. Toriola AT, Colditz GA. Trends in breast 

cancer incidence and mortality in the United 

States: implications of prevention. Breast 

Cancer Res. Treat 2013; 138(3): 665-73. 

4. Duggan C, Dvaladze A, Rositch AF, et al. 

The Breast Health Global Initiative 2018 

Global Summit on Improving Breast 

Healthcare Through Resource-Stratified 

Phased Implementation: Methods and 

overview. Cancer 2020; 126, 2339-2352. 

5. Khuwaja GA, Abu-Rezq AN. Bimodal 

breast cancer classification system. Pattern 

Analysis and Applications 2004; 7: 235-242. 

6. Boyd NF, Martin LJ, Bronskill M, et al. 

Breast Tissue Composition and 

Susceptibility to Breast Cancer. Journal of 

the National Cancer Institute 2010; 102: 

1224-1237. 

7. What is breast cancer? Imaginis. 11 June, 

2008. 

8. What is breast cancer? American Cancer 

Society. 18 Sept, 2009. 

9. Murawa P, Muwara D, Adamczyk B, et al. 

Breast Cancer: Actual methods of treatment 

and future trends. Reports of Practical 

Oncology & radiotherapy 2014; 19(3): 165-

72. 

10. EI Saghir NS, Anderson BO. Breast cancer 

early detection and resources: where in the 

world do we start? The Breast 2012; 21(4): 

423-5. 

11. Weigelt B, Baehner FL, Reis-Filho JS. The 

contribution of gene expression profiling to 

breast cancer classification, prognostication 

and prediction: a retrospective of the last 

decade. J. Pathol 2010; 220, 263-280. 

12. Weigelt B, Reis-Filho JS. Histological and 

molecular types of breast cancer: is there a 

unifying taxonomy? Nat. Rev. Clin. Oncol 

2009; 6, 718-730. 

13. Scarff RW, Torloni H. Histological Typing 

of Breast Tumours.World Health 

Organisation, Geneva, 1968. 

14. Page DL, Anderson TJ. Diagnostic 

Histopathology of the Breast. Churchill 

Livingstone, Edinburgh, 1987. 

15. Rosen PP. Rosen’s Breast Pathology, 

second ed. Lippincott Williams & Wilkins, 

Philadelphia, 2001. 

16. Perou CM, Sorlie T, Eisen MB, et al. 

Molecular portraits of human breast 

tumours. Nature 2000; 406, 747-752. 

17. Sorlie T, Perou CM, Tibshirani R, et al. 

Gene expression patterns of breast 

carcinomas distinguish tumor subclasses 

with clinical implications. Proc. Natl. Acad. 

Sci. U.S.A. 2001; 98, 10869-10874. 

18. Sorlie T, Tibshirani R, Parker J, et al. 

Repeated observation of breast tumor 



Dixita Das. Breast cancer classification: a review 

 

                                  International Journal of Health Sciences and Research (www.ijhsr.org)  147 

Vol.12; Issue: 10; October 2022 

subtypes in independent gene expression 

data sets. Proc. Natl. Acad. Sci. USA. 2003; 

100, 8418-8423. 

19. Hu Z, Fan C, Oh DS, Marron JS, et al. The 

molecular portraits of breast tumors are 

conserved across microarray platforms. 

BMC Genomics; 2006; 7, 96. 

20. Tavassoli FA. Pathology and Genetics of 

Tumours of the Breast and Female Genital 

Organs; World Health Organization 

Classification of Tumours: Lyno, France, 

2003. 

21. Sinn H P, Kreipe H. A brief overview of the 

WHO classification of breast tumors, 4th 

edition, focusing on issues and updates from 

the 3rd edition. Breast Care 2013; 8 (2), 149 

154. 

22. Liu S, Dontu G, Wicha MS. Mammary stem 

cells, self-renewal pathways, and 

carcinogenesis. Breast Cancer Res. 2005; 7 

(3), 86. 

23. Shackleton M, Vaillant F, Simpson KJ, et 

al. Generation of a functional mammary 

gland from a single stem cell. Nature; 2006; 

439 (7072), 84–88. 

24. Wellings SR, Jensen HM, On the origin and 

progression of ductal carcinoma in the 

human breast. J. Natl. Cancer Inst. 1973; 

50, 1111-1118. 

25. Wellings SR, Jensen HM, Marcum RG. An 

atlas of subgross pathology of the human 

breast with special reference to possible 

precancerous lesions. J. Natl. Cancer Inst.; 

1975; 55, 231e273. 

26. Weigelt B, Horlings HM, Kreike B, et al. 

Refinement of breast cancer classification 

by molecular characterization of histological 

special types. J. Pathol.2008; 216, 141–150. 

27. Erber R, Hartmann A.  Histology of 

Luminal Breast Cancer. Breast Care 2020; 

15, 327–336. 

28. Siegel R, Jemal A. Cancer facts and figures 

2015. Atlanta, GA: American Cancer 

Society Inc. 2015. 

29. Hoon Tan P, Ellis I, Allison K, et al. The 

2019 WHO classification of tumours of the 

breast. Histopathology 2020; 77 (2), 181–

185. 

30. Lee AH, Ellis IO. The Nottingham 

prognostic index for invasive carcinoma of 

the breast. Pathol. Oncol. Res. 2008. 14 (2), 

113–115. 

31. Korsching E, Packeisen J, Agelopoulos K, 

et al. Eisenacher, M. Cytogenetic alterations 

and cytokeratin expression patterns in breast 

cancer: integrating a new model of breast 

differentiation into cytogenetic pathways of 

breast carcinogenesis. Lab. Invest. 2002. 82 

(11), 1525–1533. 

32. Kronenwett U, Ploner A, Zetterberg A, et al. 

Genomic instability and prognosis in breast 

carcinomas. Cancer Epidemiol. Biomarkers 

Prev. 2006; 15 (9), 1630–1635. 

33. Kouros-Mehr H, Slorach EM, Sternlicht 

MD, Werb Z. GATA-3 maintains the 

differentiation of the luminal cell fate in the 

mammary gland. Cell 2006; 127 (5), 1041–

1055. 

34. Prat A, Perou CM. Deconstructing the 

molecular portraits of breast cancer. Mol. 

Oncol. 2001; 5, 5–23. 

35. Herschkowitz JI, Simin K., Weigman VJ, et 

al. Identification of conserved gene 

expression features between murine 

mammary carcinoma models and human 

breast tumors. Genome Biol. 2007; 8, R76. 

36. Howlader N, Altekruse SF, Li CI, Chen, 

VW, et al. US Incidence of Breast Cancer 

Subtypes Defined by Joint Hormone 

Receptor and HER2 Status. J. Natl. Cancer 

Inst. 2014; 106, dju055. 

37. Makki J. Diversity of Breast Carcinoma: 

Histological Subtypes and Clinical 

Relevance. Clin. Med. Insights Pathol. 

2015. 8, 23–31. 

38. Prat A. Prognostic significance of 

progesterone receptor–positive tumor cells 

within immunohistochemically defined 

luminal A breast cancer. J. Clin. Oncol. 

2013; 31, 203. 

39. Eroles P, Bosch A, Pérez-Fidalgo JA, Lluch 

A. Molecular biology in breast cancer: 

Intrinsic subtypes and signaling pathways. 

Cancer Treat. Rev. 2012; 38, 698–707. 

40. Ades F. Luminal B breast cancer: Molecular 

characterization, clinical management, and 

future perspectives. J. Clin. Oncol. 2014; 

32, 2794–2803. 

41. Raj-Kumar PK., Liu J, Hooke JA, et al. 

PCA-PAM50 improves consistency 

between breast cancer intrinsic and clinical 

subtyping reclassifying a subset of luminal 

A tumors as luminal B. Sci. Rep. 2019; 9, 

7956. 

42. Ranjit K. Breast cancer. Lancet 2005; 365, 

1742. 

43. Correa Geyer F, Reis-Filho JS. Microarray-

based gene expression profiling as a clinical 

tool for breast cancer management: are we 



Dixita Das. Breast cancer classification: a review 

 

                                  International Journal of Health Sciences and Research (www.ijhsr.org)  148 

Vol.12; Issue: 10; October 2022 

there yet? Int. J. Surg. Pathol. 2009; 17, 

285-302. 

44. Parker JS, Mullins M, Cheang MC, et al. 

Supervised risk predictor of breast cancer 

based on intrinsic subtypes. J. Clin. Oncol. 

2009; 27, 1160-1167. 

45. Ellis I, Pinder S, Bobrow L, et al. Pathology 

Reporting of breast disease. London, United 

Kingdom: NHS Publications, 2005. 

46. Rakha EA, Reis-Filho JS, Ellis IO. 

Combinatorial biomarker expression in 

breast cancer. Breast Cancer Res. Treat. 

2010; 120 (2), 293–308. 

47. Prat A, Perou CM. Mammary development 

meets cancer genomics. Nat. Med. 2009; 

15(8), 842-844. 

48. Bardou VJ, Arpino G, Elledge RM, et al. 

Progesterone receptor status significantly 

improves outcome prediction over estrogen 

receptor status alone for adjuvant endocrine 

therapy in two large breast cancer databases. 

J. Clin. Oncol. 2003. 21 (10), 1973–1979. 

49. Creighton CJ, Kent Osborne C, van de 

Vijver MJ, et al. Molecular profiles of 

progesterone receptor loss in human breast 

tumors. Breast Cancer Res. Treat. 2009. 

114 (2), 287–299. 

50. Creighton CJ, Fu X, Hennessy BT, Casa AJ, 

et al. Proteomic and transcriptomic profiling 

reveals a link between the PI3K pathway 

and lower estrogen-receptor (ER) levels and 

activity in ER+ breast cancer. Breast 

Cancer Res. 2010; 12 (3), R40–R12. 

51. Musgrove EA, Sutherland RL. Biological 

determinants of endocrine resistance in 

breast cancer. Nat. Rev. Cancer 2009; 9 (9), 

631–643. 

52. Ellis MJ, Tao Y, Young O, White S, et al. 

Estrogen-independent proliferation is 

present in estrogen-receptor HER2- positive 

primary breast cancer after neoadjuvant 

letrozole. J. Clin. Oncol. 2006; 24 (19), 

3019–3025. 

53. Brisken C. Hormonal control of alveolar 

development and its implications for breast 

carcinogenesis. J. Mammary Gland Biol. 

Neoplasia 2002; 7 (1), 39–48. 

54. Atwood C, Hovey R, Glover J, et al. 

Progesterone induces side-branching of the 

ductal epithelium in the mammary glands of 

peripubertalmice. J. Endocrinol. 2000; 167 

(1), 39–52. 

55. Ruan W, Monaco ME, Kleinberg DL. 

Progesterone stimulates mammary gland 

ductal morphogenesis by synergizing with 

and enhancing insulin-like growth factor-I 

action. Endocrinology 2005; 146 (3), 1170–

1178. 

56. Cui X, Schiff R, Arpino G, et al. Biology of 

progesterone receptor loss in breast cancer 

and its implications for endocrine therapy. J. 

Clin. Oncol. 2005; 23 (30), 7721–7735. 

57. Rakha EA, El-Sayed ME, Green AR, et al. 

Biologic and clinical characteristics of 

breast cancer with single hormone receptor 

positive phenotype. J. Clin. Oncol. 2007; 25 

(30), 4772–4778. 

58. Dowsett M, Houghton J, Iden C, et al. 

Benefit from adjuvant tamoxifen therapy in 

primary breast cancer patients according 

oestrogen receptor, progesterone receptor, 

EGF receptor and HER2 status. Ann. Oncol. 

2006. 17 (5), 818–826. 

59. Slamon DJ, Godolphin W, Jones LA., et al. 

Studies of the HER-2/neu proto-oncogene in 

human breast and ovarian cancer. Science 

1989; 244 (4905), 707–712. 

60. Schiff R, Massarweh SA, Shou J, et al. 

Cross-talk between estrogen receptor and 

growth factor pathways as a molecular 

target for overcoming endocrine resistance. 

Clin. Cancer Res. 2004; 10 (1), 331S. 

61. Ellis MJ, Coop A, Singh B, et al. Letrozole 

is more effective neoadjuvant endocrine 

therapy than tamoxifen for ErbB-1- and/or 

ErbB-2-positive, estrogen receptor-positive 

primary breast cancer: evidence from a 

phase III randomized trial. J. Clin. Oncol. 

2001; 19 (18), 3808–3816. 

62. Roberts SA, Lawrence MS, Klimczak LJ, et 

al. An APOBEC cytidine deaminase 

mutagenesis pattern is widespread in human 

cancers. Nat. Genet. 2013; 45, 970–976. 

63. Piccart-Gebhart MJ, Procter M, Leyland-

Jones B, et al. Trastuzumab after adjuvant 

chemotherapy in HER2- positive breast 

cancer. N. Engl. J. Med. 2005; 353 (16), 

1659–1672. 

64. Cuzick J, Dowsett M, Pineda S, et al. 

Prognostic value of a combined estrogen 

receptor, progesterone receptor, Ki-67, and 

human epidermal growth factor receptor 2 

immunohistochemical score and comparison 

with the Genomic Health recurrence score 

in early breast cancer. J. Clin. Oncol. 2011; 

29 (32), 4273–4278. 

65. Newman LA, Reis-Filho JS, Morrow M, et 

al. The 2014 Society of Surgical Oncology 

Susan G. Komen for the Cure Symposium: 



Dixita Das. Breast cancer classification: a review 

 

                                  International Journal of Health Sciences and Research (www.ijhsr.org)  149 

Vol.12; Issue: 10; October 2022 

Triple-Negative Breast Cancer. Ann. Surg. 

Oncol. 2014; 22, 874–882. 

66. Plasilova ML, Hayse B, Killelea BK, et al. 

Features of triple-negative breast cancer. 

Medicine 2016; 95, e4614. 

67. Pareja F. Triple-negative breast cancer: The 

importance of molecular and histologic 

subtyping, and recognition of low-grade 

variants. NPJ Breast Cancer 2016; 2, 

16036. 

68. Lehmann BD, Bauer JA, Chen X, et al. 

Identification of human triple-negative 

breast cancer subtypes and preclinical 

models for selection of targeted therapies. J. 

Clin. Invest. 2011; 121 (7), 2750–2767. 

69. Liu YR, Jiang YZ, Xu XE, et al. 

Comprehensive transcriptome analysis 

identifies novel molecular subtypes and 

subtype-specific RNAs of triple negative 

breast cancer. Breast Cancer Res. 2016; 18 

(1), 33. 

70. Gibson GR, Qian D, Ku JK, Lai LL. 

Metaplastic breast cancer: clinical features 

and outcomes. Am. Surg. 2005; 71 (9), 725–

730. 

71. Gusterson BA, Ross DT, Heath VJ, Stein T. 

Basal cytokeratins and their relationship to 

the cellular origin and functional 

classification of breast cancer. Breast 

Cancer Res. 2005; 7, 143-148. 

72. Burstein MD, Tsimelzon A, Poage GM, et 

al. Comprehensive genomic analysis 

identifies novel subtypes and targets of 

triple-negative breast cancer. Clin. Cancer 

Res. 2015; 21 (7), 1688–1698. 

73. Salgado R, Denkert C, Demaria S, et al. The 

evaluation of tumor-infiltrating lymphocytes 

(TILs) in breast cancer: recommendations 

by an International TILs Working Group 

2014. Ann. Oncol. 2014; 26 (2), 259–271. 

74. Weigel B, Mackay A, A’hern R, et al. 

Breast cancer molecular profiling with 

single sample predictors: a retrospective 

analysis. Lancet Oncol. 2010; 11: 339-349. 

75. Dias K, Dvorkin-Gheva A, Hallett RM, et 

al. Claudin-Low Breast Cancer; Clinical & 

Pathological Characteristics. PLoS ONE 

2017; 12, e0168669. 

76. Morel AP, Ginestier C, Pommier RM, et al. 

A stemness-related ZEB1–MSRB3 axis 

governs cellular pliancy and breast cancer 

genome stability. Nat. Med. 2017; 23, 568–

578. 

 

 

 
How to cite this article: Dixita Das. Breast 

cancer classification: a review. Int J Health Sci 

Res. 2022; 12(10):140-149. DOI:  https:// 

doi.org/10.52403/ijhsr.20221018 

 

 

****** 

 


