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    Breast cancer is the leading cause of cancer for women both in the developed and the developing world, as per the World Health Organization. Breast cancer also affects men. Over a decade, cancer incidence has declined, but breast cancer incidence in females has increased by 0.4% per year. Although advancements in breast cancer screening, preventive measures, and treatment have resulted in a significant decline in breast cancer mortality, breast cancer still is the second most common cause of cancer-related deaths in females. Unacceptable levels of racial disparity have been consistently reported in breast cancer and offer a challenge in breast cancer prevention, detection, and cure. These disparities are independent of socioeconomic status, access to healthcare or age, or even the stage of breast cancer. Among the major challenges, the heterogeneity in cancer cells makes the disease more complex. Researchers have made significant advancements in studying the heterogenic features in breast cancer, and multiple subsets of breast cancer are discovered. In the molecular biology studies, breast cancer stem-like cells, driver mutations and changes in the tumor microenvironment are investigated as a potential hallmark for the disease progression. The “Omics” approaches in cancer research brought a detailed understanding of breast cancer at a new height. This technology is highly promising in discovering novel biomarkers in different breast cancer subtypes. Genomics, transcriptomics, proteomics, metabolomics, and other omics platforms have opened a new avenue to discover molecular insights in cancer progression. Immunological aspects of breast cancer are considered as cutting-edge science in recent discoveries. This book brings together up-to-date information to address the various challenging aspects of breast cancer. I congratulate the editors for putting together the different pieces of findings of breast cancer research in this book. I hope “Current advances in Breast cancer Research: A molecular approach” will be a good addition to the library of breast cancer literature.
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    Breast cancer is one of the life-threatening diseases in women worldwide, leading to the mortality of millions of people all around the world. The increased prevalence of breast cancer globally in recent years has increased challenges to clinicians and researchers as well. The availability of appropriate detection tools for early detection is the major part of the clinical management of breast cancer patients in the present scenarios. Together with the current imaging techniques, molecular biomarkers based research has gained huge momentum in disease management in recent years. Molecular biomarkers are considered to be the best candidates to evaluate prognosis and therapeutics efficacy. Several biomarkers derived from gene-based technology through invasive approaches have revealed their wide scope in risk assessment of this particular disease. This book, gives details about developments in genomics, transcriptomics, proteomics, and metabolomics for the mining of novel biomarkers for breast cancer early detection. The first four chapters have emphasized to explore the basic understanding of breast cancer and management strategies of breast cancer. The molecular mechanism of carcinogenesis in breast cancer is more concerning to oncologists. The cardinal manifestation of cancer involves gene and protein modification to altering molecular pathways. Chapters 5 to 12 have delineated the basic mechanisms of cancer involved in the progression and metastasis. The role of mitochondrial-mediated energy associate and metabolic pathways has great significance in cancer, and separate chapters have given full emphasis to explore carcinogenic pathways. These chapters also deal with the heterogeneity of breast cancer and new development in diagnosing breast cancer in immunological prospective breast cancer biology. The last two chapters, it have dealt with the current therapeutics and the development of new therapy for breast cancer using natural bioactive compounds and nanotechnology-based approaches. Overall, 14 chapters have been included in this book, which dealwith the current perspectives of breast cancer progression. This book presents a compilation of basic and advanced research on breast cancer biology. This book outlines breast cancer research developments in contemporary years. We hope that the readers will be benefitted by understanding the advances in the biology of breast cancer research through this book.
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      Abstract




      The burden of breast cancer incidence and related mortality is a major health problem worldwide. In the last few years, the incidence and mortality rate of breast cancer have grown very rapidly in many developing countries and also slowly in developed nations. According to GLOBOCAN 2018 status report, the global cancer burden is estimated to have risen to 18.1 million new cases and 9.6 million deaths in 2018. The etiology of breast cancer depends upon several factors and includes age, genetic, environmental, radiation, breastfeeding, diet, and lifestyle factors, etc. The reasons behind the high breast cancer-related mortality are due to the lack of basic knowledge and awareness about breast cancer, less efficient diagnosis, late screening, poor health facilities, and limited access to treatment in developing countries. In this chapter, we summarize key studies on breast cancer epidemiology, types of breast cancer, risk factors, diagnosis, screening tools, predictive marker, surgery, chemotherapy, radiotherapy, hormonal therapy, targeted therapy, and preventative methods on breast cancer over the past years. These integrated findings may help protect and fight against breast cancer.
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      INTRODUCTION




      Breast cancer (BC) is among the most widespread invasive cancers and the second-largest major cause of mortality associated with cancer among females. Based on incidence and mortality trends, the incidence rates have increased rapidly in many developing countries and steadily industrialized nations in the past few decades. During their lives, one out of five males and one of every six females globally acquire cancer, and one of every eight males and one in 11 females die from the disease. Cancer incidence and mortality are rapidly growing worldwide. According to GLOBOCAN 2018 status, it is reported that the overall burden of cancer has increased to new instances and a million casualties [1].




      Globally, the World Health Organization calculated the actual estimate of the population living among five years of cancer diagnosis, known as the 5-year prevalence, which is predicted to be 43.8 million. The global load of breast cancer is progressively drifting from developed to developing countries [2]. The rate of related causes for developing cancer associated with social and economic development is constantly evolving. This is notably true in fast growing-economy countries due to rapid changes in lifestyles more typical of industrialized nations [1]. The progression of the metastatic ability of primary tumor lesions is associated with breast cancer-related mortality [3]. Breast cancer is a complicated, comprehensively inherently heterogeneous disease with distinct morphologies, molecular characteristics and clinical patterns [4]. The metastasis of breast cancer has been a major issue of intense scrutiny of cancer. Probably lung, liver, bones, and brain are the most prevalent sites for cancer metastasis. The brain is one of the most prevalent organs impacted by breast cancer invasion that ultimately leads to the death of breast cancer patients. In women with breast cancer, brain metastasis is increasingly more frequent, and around 15%-30% have brain metastasis [5]. Metastatic breast cancer (MBC) is an incurable disorder. Although the present medical treatments have given adequate palliation unable to eliminate this illness, therefore creating an incurable condition [6]. Being largely incurable, the onset of metastasis is one of the biggest hurdles to the successful treatment of cancer [7]. Once initiated, it can neither be reversed nor stopped, therefore, averting the onset is paramount significance. This essentially requires a better understanding with regards to determinants and biological markers of cancer. Such knowledge may lead to the identification of not only new prognostic markers but also may escort to the development of targeted therapeutic regimen against MBC.




      

        Statistics at a Glance: The Burden of Cancer Worldwide





        

          	In 2015, an estimated 2,4 million cases of incidence and 523,000 deaths were reported as being the most prevalent form of cancer in females worldwide [8]. This Revolution is associated with worldwide economic and socio-demographic outlines, for instance, increasing aging populations [8].




          	The major causes of death from cancer worldwide are cancer-related metastasis to distant organs. There have been estimated to be 14.1 million new cases and 8.2 million global death associated with cancer in 2019 [9].




          	In less developed areas of the world, along with Central America and parts of Africa and Asia, 57% of instances of fresh disease happened in 2012; and in these areas, 65% of cancer fatalities occurred as well (source: https://www.cancer.gov).




          	New cases of cancer are expected to increase annually to 23.6 million by the year 2030(source: https://www.cancer.gov).


        


      




      

        A brief History of Breast Cancer




        In the present scenario, cancer is one of the major public health issues not only in developed countries but also in developing countries like India. Cancer is basically a group of illnesses characterized by the uncontrolled and abnormal growth of neoplastic cells [10]. It is assumed that the oldest explanation of cancer in Egypt about 3000 BC [11]. In a prehistoric Egyptian textbook on trauma surgery, they described 8 cases of breast tumors abide removed by cauterization with a device called fire drill. The origin of the word ‘cancer’ is attributed to the Greek physician Hippocrates (460-370 BC), who is known as the “Father of Medicine”. Hippocrates used the terms ‘carcinos’ and ‘carcinoma’ to illustrate non-ulcer forming and ulcer-forming tumors [11]. In Greek, these phrases mainly refer to a crab, and most likely used before the illness because the finger-like projections from malignant cells describe the shape of a crab [11]. In a while, the Roman physician, Celsius (28-50 BC), converts the Greek word into cancer, the Latin term for crab. Another Greek physician, Galen (130-200 AD), used the term oncos (Greek for swelling) to describe tumors [11]. However, the Hippocrates and Celsus crab analogy still serves to describe malignant lesions.




        The female mammary gland is basically comprised of milk-producing glands known as “lobules” and tiny tubes like structures, which allocate the milk from lobules to the nipples, named as “ducts” and finally “stroma” (fatty and connective tissue neighbouring the ducts, lobules, blood vessels, and lymphatic vessels) [12]. Breast cancer is an abnormal development of normal breast cells. The term “breas” attributes to a malignant tumor that is matured cells in the breast [13]. Breast cancer can be categorized into various types based on how breast cancer cells appear beneath the microscope. In most cases, breast cancer starts in the cells that line the ducts of the mammary gland called “ductal breast cancer,” and in few cases, cancer occurs in the cells that streak the lobules known as “lobular breast cancer”. Alternatively, when breast cancer begins in the epithelial cells that line the mammary gland, then it is termed as “breast carcinomas”. In fact, in most cases, breast cancers are frequently rank of carcinoma called “adenocarcinoma”, which begins in glandular tissue of mammary gland. Erstwhile of breast cancers can also arise in the mammary gland, such as “breast sarcomas,” which start in the cells of connective tissue and muscle. In rare cases, a single breast tumor can also be a mixture of diverse types of in-situ and invasive breast cancer. These various kinds of breast cancer are described as following (adapted from the American Cancer Society. Cancer Facts and Figures 2016. Atlanta, Ga: American Cancer Society; 2016).


      




      

        Types of Breast Cancer




        Under the microscope, breast cancer can be divided into distinct kinds depending on how the cancer cells appear. Breast cancers fall into categories:




        Ductal Carcinoma In-situ: (DCIS, known as intraductal carcinoma) is a range of abnormal changes in the mammary gland that basically begins in the mammary epithelial cells lining the mammary ducts and also considered as a non-invasive or pre-invasive type of breast cancer. This is the most frequent kind of in-situ breast cancer accounting for 83% of in-situ cases diagnosed during 2006-2010. About everyone in five new cases of breast cancer will be DCIS, and the majority of females diagnosed at the early stage be cured and treated successfully. The important difference between invasive breast cancer and DCIS is that in DCIS, the breast cancer cells have not invaded through the walls of mammary ducts into the nearby breast tissue. As DCIS can’t invade and metastasize the distant organs, it is considered as a pre-cancerous lesion though in rare cases, it can go on to become invasive cancers.




        Lobular Carcinoma In-situ: (LCIS, also termed as lobular neoplasia) is not exactly cancer or but a marker of increased risk of having invasive cancer. This type of breast cancer is very rarer than DCIS, and approximately 12% of women in-situ breast cancers have been diagnosed from 2006 through 2010.




        Infiltrating (Invasive) Ductal Carcinoma: is a very common type of breast cancer. Infiltrating ductal carcinoma (IDC) mainly begins in a milk duct of the mammary gland, and invades through the wall of the mammary duct, which finally grows into the fatty tissue of the mammary gland. From here, it can be metastasized to distant organs throughout the body by the lymphatic organ and bloodstream. Almost eight out of ten invasive breast-cancer cases are IDC.




        Inflammatory Breast Cancer (IBC): is a very rare kind of invasive breast cancer, accounting for 1% to 3% of all breast cancer cases. In IBC, the skin of the breast appears red without any single lump or tumor. Other symptoms of IBC include the pitted appearance of the breast, and affected regions may become firmer and itchy also. IBC has a worse prognosis than any other invasive ductal or lobular cancer and tends to have an increased probability of spreading into distant organs.




        Phyllodes Tumor: (phyllodes tumor or cystosarcoma phyllodes) is a very uncom-mon category of breast cancer, whichever occurs in the connective tissue of the mammary gland. This kind of breast tumor is usually benign, and in rare circumstances, it may develop into malignant forms, and the benign tumor can be treated by normal mastectomy. But, when benign phyllodes develop into malignant tumors, then chemotherapy is used as given for soft-tissue sarcomas.




        Paget Disease: of the nipple begins in the mammary ducts at first and then spreads in the skin around the nipple and finally to the areola (dark circle in the region of the nipple). It is a very uncommon kind of breast cancer and accounted for 1% of all cases of breast cancer. The symptom of this cancer includes the crusted, reddish, and scaly appearance to the skin of the nipple with areas of bleeding or oozing. This type of breast cancer is more or less linked with either infiltrating ductal carcinoma, or DCIS and treatment of Paget disease often require a mastectomy.




        Angiosarcoma: is a very rare kind of breast cancer, and it occurs within the cells lining the blood or lymphatic vessels, and this type of cancer tends to grow and invade other organs very quickly.




        There are also some unusual types of breast cancer, which are subtypes of invasive breast carcinoma and include: Low-grade adenosquamous, Adenocystic, Mucinous, Medullary, Papillary, Tubular, Metaplastic, Micropapillary, and mixed carcinoma (which has features of both invasive ductal and lobular carcinoma).


      


    




    

      GRADING AND MOLECULAR SUBTYPES OF BREAST CANCER




      (It is adopted from American Joint Committee on Cancer. Breast. In: AJCC Cancer Staging Manual, 7th ed. New York: Springer; 2010: 347–369).




      

        Breast Cancer Grading




        Breast cancer can also be categorized into different grades based on how the biopsy sample of breast tumors appears to normal breast tissue and how quickly breast cancer cells are multiplying. The breast cancer grading is also helpful in prognosis, and lower grade number indicates the least chance of spreading of cancer cells, while the higher-grade number indicates an increased probability of breast cancer spreading. Tumor grading is also essential to decide whether surgery is required or not after radio or chemotherapies. For invasive breast cancers, the histological grade is sometimes termed as Richardson grade, Nottingham grade, Scarff-Bloom-Richardson grade, or Elston-Ellis grade. Sometimes, grade expressed with words as a substitute of numbers:





        

          	Grade 1 tumor is similar to well-differentiated.




          	Grade 2 tumor is similar to moderately differentiated.




          	Grade 3 tumor is similar to poorly differentiated and tends to develop and spread more rapidly.


        


      




      

        Breast Cancer Molecular Subtypes




        Breast cancer is progressively considered not a single illness, but a combination of diseases, which can be differentiated by different molecular/hormonal subtypes, clinical behaviors, risk factors as well as responses to different clinical treatments [14, 15]. Different hormonal or molecular subtypes of breast cancer have been known using global gene expression profiles. Most suitable for molecular breast cancer subtypes have been recognized with the help of biological markers, which include the existence or nonexistence of estrogen receptors (ER+/ER-), progesterone receptors (PR+/PR-), and human epidermal growth factor receptor 2 also known as (EGFR-2) positive or negative. These molecular subtypes of breast cancer are as following:




        

          Luminal A




          Approximately 40% of breast cancer women are found to be luminal A-type, and these breast tumors inclined to be ER(estrogen receptor) positive and/or PR (progesterone receptor) positive and HER2 negative, less aggressive, and slower growing than other molecular subtypes. Luminal-A breast tumors are linked with the most positive short-term prognosis, due to the expression of the hormonal receptor, which is predictive of a positive response to hormonal therapy [16].


        




        

          Luminal B




          It constitutes ~10% - 20% of all breast cancer females and like luminal A-tumor, most of the luminal B-tumors are ER+ and/or PR+. Although, these cases are discriminated by either expression of HER2 or elevated rate of proliferation [16].


        




        

          Basal-like




          It constitutes ~10% - 20% of all breast cancer cases and mass of basal-like breast cancers are termed as “triple-negative breast cancer (TNBC)” since they are ER negative, PR negative, and HER2 negative. These breast cancers are more frequent in African American women, premenopausal females, and those females with BRCA1 gene alteration. Women with breast cancer diagnosed with TNBC have poorer short-term prognosis than those diagnosed with other molecular subtypes of breast cancer since there are no targeted therapies for these breast cancer cases [16].


        




        

          HER2 Enriched




          This type of molecular subtype comprises ~10% of breast cancer cases and produces excess growth-promoting protein, called HER2, and does not express hormonal receptor-like ER and PR. Just like the basal-like subtype, this subtype inclined to grow and spread much more aggressively than other subtypes of breast cancer and therefore coupled with poorer short-term prognosis. Nevertheless, the use of targeted therapies for this subtype has upturned much of the unfavorable prognostic shock of HER2 overexpression [16].


        


      


    




    

      SIGNS, SYMPTOMS AND RISK FACTORS OF BREAST CANCER




      Most of the females recognize a lump or region of thickened tissue in their breast as the first symptom of breast cancer. A newly formed lump or mass is the most prevalent symptom of breast cancer. A relatively painless, hard mass with irregular edges is more likely to be cancerous, but tender, smooth, or rounded. They can often be a pain in the breast.




      For this reason, a healthcare professional or a skilled clinician must check any fresh breast mass or a lump or breast alteration in the diagnosis of breast illnesses. American Cancer Society states that the frequent signs and symptoms of breast cancer may include as follows:





      

        	Altered size or shape of the breast.




        	Swelling of the entire or part of a breast, nipple, or areola (even if there is no distinct lump).




        	Skin irritation or dimpling.




        	Pain in breast or nipple.




        	Retraction of the nipple (moving inward).




        	Redness, scaliness, or thickening of the nipple or breast skin.




        	Bloody discharge from the nipple (excluding breast milk).


      




      

        Risk Factors of Breast Cancer




        The risk factor of breast cancer is enormously complex, and its progression is a multi-step process. The consequences are from a series of epigenetic, genetic, endocrine, aging, familial history, lifestyle exposure to the environmental risk factor. To understand the incidence of breast cancer issues, the researcher has identified the 60-70% cases of the known risk factor and the remaining 30-40% of the cases of unknown risk factors. The following factor can raise women’s risk of developing breast cancer.




        

          Age




          Age is an increasing risk factor for breast cancer, and the incidence of breast cancer is increasing with age, doubling nearly every ten years until menopause, when the pace of growth slows dramatically. In comparison to lung cancer, breast cancer incidence is greater at younger ages [17]. The American Cancer Society reports that in females of under 45 years, approximately 1 in 8 invasive breast cancers grow, whereas in females 55 or older, approximately 2 of 3 invasive breast cancers are detected. Besides sex, aging is one of the most important risk factors for breast cancer because its incidence is strongly linked to growing age. In 2016, females aged 40 and 60, respectively, accounted for around 99.3% and 71.2% of all breast cancer-related fatalities in America [18].


        




        

          Geographical Variation




          There is quite a variation in the incidence and death rate of breast cancer between distinct countries. Age-set incidence and death rates for breast cancer differ by up to five from nation to nation. The biggest variation between far Eastern and Western countries is declining but is at a halt about fivefold [16, 18].


        




        

          Previous Benign Breast Cancer




          Women who experience serious atypical hyperplasia are 4-5 times more susceptible than females who do not experience proliferative breast cancer [20]. Female with this shift and a family history of breast cancer (first-degree relative) are nine times susceptible of having breast cancer than other counterparts. Female with palpable cysts, complex fibroadenomas, duct papillomas, sclerosis adenosis, and moderate or florid epithelial hyperplasia have a relatively higher threat of breast carcinoma (1.53 times). If be female without these alterations, this rise is not clinically significant to warrant any intervention [17].


        




        

          Age at Menarche and Menopause




          A greater risk of breast cancer occurs for women starting their menstrual period early in life or who have late menopause. Women who are under a natural menopause phase after the age of 55 are twice more likely to grow breast cancer than females having menopause before the age of 45. Women who undergo bilateral oophorectomy before the age of 35 have only 40% of females who have natural menopause are under the risk of breast cancer [17].


        




        

          Oral Contraceptives




          The current and latest users of oral contraceptives are 15-25 percent more exposed to breast cancer than those taking exogenous hormones [21]. Further, more than ten years after stopping oral contraceptives, the risk levels off to approach that of never users, independently from the duration of use. This is of meticulous significance since most females who use oral contraceptives are young and have a low baseline incidence of breast cancer. Along these lines, their increased threat during and soon after oral contraceptives employ has little significance [22].


        




        

          Breast-feeding




          Many studies have suggested that a lady’s breastfeeding risk of breast cancer is reduced for a year or more slightly. For basal-like breast cancers, the protective influence could be greater [23]. The nonexistence or short duration of breastfeeding that is typical of ladies in developed countries substantially assists in the high incidence of breast cancer. A collaborative analysis estimated that in addition to the reduction of every birth, the risk of the disease was considerably reduced through breastfeeding. An additional protective effect of lactation has been exposed in several populations, most likely attributable to the suppression of the ovulatory function caused by nursing. Breast cancer risk reduced by 4.3% for every year of lactation in a collaborative analysis of 47 studies in 30 nations [24]. Several studies propose that breastfeeding may slightly lower breast cancer risk, especially if it is sustained for 1½ to 2 years. The effect of breastfeeding on the risk of breast cancer has been a subject of debate [25]. However, a growing body of evidence indicates that breastfeeding reduces the risk of developing breast carcinoma [26, 27]. In a current meta-analysis of 27 studies that incorporated 13907 women with breast cancer, the study shows that breastfeeding inversely associated with the risk of breast cancer Zhou et al. [26].


        




        

          Breast Density




          A tough, independent risk factor for breast cancer growth was shown to be high-density breast tissue (a mammographic indicator of breast and connective tissue relative to the fatty tissue in the breast) [28]. Several factors that can affect breast density include for example menopause, age, the use of convinced drugs (such as menopausal hormone therapy), pregnancy, and genetics. Breast density predisposes to hereditary genetic factors but decreases with age and further diminishes with menopause and pregnancy [19, 29]. The threat of breast cancer raises with raising breast density; have a 4-6 overlay amplified of breast cancer risk as compared to women with the least density of the breast.


        




        

          Family History of Breast Cancer




          Women with a first-degree relative (mother, sister, daughter, father, or brother) who developed breast cancer have a risk that is approximately double an average woman's risk. If two first-degree relatives developed breast cancer, the risk is five-fold the average risk. The precise risk of breast cancer is unknown, but females with a family history in a father/brother have an enhanced risk of breast cancer. In total, a family with this disease has fewer than 15 percent of females with breast cancer. This means that according to the American Organization of Breast Cancer, most females (more than 85 percent) suffering from breast cancer have no family history.


        




        

          Personal History of Breast Cancer




          A female with cancer in one breast has a three to four-time increased risk for developing new cancer cells in the other breast or another part of the same breast. This is distinct from a cancer recurrence of the primary growth.


        




        

          Genetic Risk Factors




          The genetic risk factors in epidemiology and pathogenesis of both sporadic breast cancer and familial breast cancer are now well established. However, germline mutations of BRCA1 and BRCA2 and other genes account for only 15%–20% of breast cancer that clusters in families and less than 5% of breast cancer overall. Much effort in recent years has been focused on BRCA1 and BRCA2, and the prevalence and penetrance of mutations in these genes have been studied extensively. The genes involved in the hereditary and familial forms of breast cancer include BRCA1, BRCA2, P53, PTEN, ATM, CHEK2 and STK11/LKB1 [30].




          The two BRCA genes appear to serve as important regulators of cell-cycle “checkpoint control” mechanisms, involving a cell-cycle arrest, DNA repair, and apoptosis. BRCA1 is a large gene located on chromosome 17, with 24 exons spanning about 100,000 base pairs of genomic DNA, and BRCA2 is located on chromosome 13. Both the BRCA1 and BRCA2 genes are massive, and mutations will occur virtually at any place, making molecular testing to identify mutation for the first time in an affected individual or family technically challenging. Some mutations happen at high frequency in a population. Inherited mutations in two more genes, p53 and PTEN, are related to familial syndromes (Li-Fraumeni and Cowden's respectively) that include a high risk of breast cancer, but both are uncommon [30]. These are almost definitely other genes that increase the risk of disease by only a mild degree but maybe three or four-fold above the overall population. These are unlikely to make florid multi-case families, but they are likely quite prevalent and therefore account for a significant portion of the overall genetic input to breast cancer.




          Many families influenced by breast carcinoma demonstrate an overload of ovarian, colon, prostatic, and other cancers due to the same hereditary mutation. Patients with bilateral carcinoma, who acquire a combination of breast cancer and other epithelial cancer, and females who develop the disease at an early age are most probable to create a genetic mutation that makes them susceptible to developing cancer. Most breast cancers are due to a genetic mutation occurring before the age of sixty-five, and a woman with a strong family history of breast cancer of early-onset who is still unaffected at sixty-five has most probably no longer inherited the genetic alteration.




          A woman's risk of breast carcinoma is almost more than two times bigger if she has a first-degree relative who developed the disease before the age of 50, and also the younger the relative when she developed breast cancer, the greater the threat of cancer [17]. For instance, a female whose sister developed breast carcinoma aged 30-39 has a cumulative risk of 10% of developing the disease herself through age 65, but that threat is 5% (close to the population risk) if the sister was aged at 50-54. The risk will increase between four to six times if two first degree relatives develop the disease [17].


        




        

          Radiation




          The risk factor of radiation associated between radiation exposure and breast cancer has been confirmed in research of atomic bomb survivors and females who undergone high-dose radiation therapy to the chest, primarily for those who were first exposed at younger ages [31]. This may be because the breast tissue is most prone to carcinogenesis before it is fully distinguished, which occurs with first childbirth [32]. Breast cancer is one of the most prevalent types of a second cancers amongst infancy cancer survivors. Secondary breast cancer is most closely correlated with high-dose radiation therapy to the chest for females treated between 10 and 30 years of age, such as for Hodgkin lymphoma [33]. Breast cancer threat among females with such exposure begins to increase after radiation about eight years and continues to increase for more than 25 years [34]. The risk increases with increased radiation dose. Besides, the risk is higher in female irradiated before age 30, when there is still breast development [35].


        




        

          Tobacco




          Based on 150 studies, the International Cancer Agency found that there was restricted proof that tobacco smoking can cause breast cancer in females [36]. The latest meta-analysis by scientists in the American Cancer Society found that present smokers have a 12% greater risk of breast cancer than the female who never smoked. Researchers also propose that female who starts smoking before their first birth may be at higher risk [37].


        




        

          Alcohol




          A few studies have shown an association between alcohol consumption and breast cancer instances, but the relationship is inconsistent and may be an association with other nutritional factors rather than alcohol [17]. Alcohol drinking is an important breast cancer etiological factor. Consumption of three or more alcoholic drinks per day raises the risk by 30-50%, with daily drink accounting for about 7% higher risk [38].


        




        

          Diet




          Although countless studies have investigated the connection between food consumption (including fat, soy, milk product, meat, and fruits and vegetables) and breast cancer, there is no conclusive confirmation that diet manipulates breast cancer risk [39]. A current meta-analysis of consumption of animal fat and breast cancer, including more than 20,000 instances of breast cancer, found that no connection existed [40]. Similarly, in the Women’s Health Initiative, nutritional action, lowering dietary fat in post-menopausal children did not impact breast cancer risk. However, exposure of timing may be essential, as a conclusion from the Nurses’ Health Study demonstrated that a high-fat diet during adolescence was linked with a mild increase in premenopausal breast cancer threat [41].


        




        

          Hormonal Risk Factor




          

            Estrogen Receptor (ER)




            The estrogen receptor is a member of the nuclear hormone family of intracellular receptors that are activated by the hormone estrogen (17β-estradiol) [42]. There are two different forms of Estrogen receptor, referred to as ERα and ERβ, each encoded by a separate gene. The ESR1 encodes the ERα isoform and the ERβ isoform is encoded by the ESR2 gene [43]. ESR1 is encoded on chromosome 6 (locus 6q25.1) and ESR2 is encoded on chromosome 14 (locus 14q23-24.1) [44, 45]. The main role of the Estrogen receptor is as a DNA-binding transcription factor that regulates gene expression [46]. ERα and ERβ proteins can be detected in a broad spectrum of tissues. As well, both receptor subtypes may be present in the same tissue but different types of cells. ERα is mainly expressed in uterus, prostate (stroma), ovary (theca cells), testes (Leydig cells), epididymis, bone, breast, various regions of the brain, liver, and white adipose tissue and ERβ is expressed in prostate (epithelium), testis, ovary (granulosa cells), salivary gland, bone marrow, colon, vascular endothelium, and certain regions of the brain [42]. ERα proteins are regarded as being cytoplasmic receptors in their unliganded state, but research has shown that part of ERα resides in the nucleus of ER-negative breast cancer epithelial cells [47]. ERα expression is linked with more differentiated tumors, while evidence that ERβ is involved is controversial [48]. However, recent research proposed that ERβ is associated with proliferation and a poor prognosis [49]. Different descriptions of the ESR1 gene have been identified (with single-nucleotide polymorphisms) and are associated with various risks of developing breast cancer [50]. These two forms of estrogens are co-expressed in various tissues, and they are over-expressed in around 60-70% of breast cancer cases and are ER-positive and estrogen-dependent [51]. Binding of estrogen to ER stimulates the proliferation of mammary cells, with the resulting increase in cell division, DNA replication and increases the mutation rate. This disrupts the cell cycle, apoptosis and DNA repair processes eventually leading to tumor formation [52].


          




          

            Progesterone Receptor (PR)




            The progesterone receptor (PR) is also known as an NR3C3 (nuclear receptor subfamily 3, group C, member 3). In humans, PR is encoded by a single gene located on the long arm of chromosome 11 (11q22) (Law et al., 1987). There are two main nuclear isoforms of PR, A and B that differ in their molecular weight A: 94kD and B: 114kD) [53]. A mutation or change in expression of the co-regulators affects the normal function of the PR and may disrupt the normal growth of the mammary gland, thereby leading to breast cancer [54].


          




          

            Her2 Neu




            The Human Epidermal growth factor Receptor 2 (is also known as HER2/neu or ERBB2) is a protein located at the long arm of chromosome 17 (17q11.2-q12). HER2/neu belongs to a family of four transmembrane receptor tyrosine kinases involved in signal transduction pathways that regulate cell growth and proliferation [55]. HER2/neu is co-localized, and thus most of the time co-amplified, with another proto-oncogene GRB7 [56]. Clinically, HER2/neu is vital because it is the target of the monoclonal antibody trastuzumab (marketed as Herceptin). Trastuzumab is only effective in breast cancer, where the HER2/neu receptor is over-expressed. The mechanism of trastuzumab works after it binds to HER2 is by increasing p27, a protein that detains cell proliferation [57]. Approximately 10% of breast cancers produce excess HER2 (a growth-promoting protein) and do not express ER and PR receptors [58].


          


        


      


    




    

      TUMOR MARKERS




      A tumor marker is described as a substance overexpressed by tumors or the host (associated with the tumor) that can be used to differentiate neoplastic from normal tissue. Body cells, tissues, and body fluids, like cerebrospinal fluid, serum, plasma, and breast milk of women, are the source of tumor markers. The perfect marker would help in diagnosing, staging and forecasting the tumor and serve to detect therapy impacts, detect recurrence, locate tumors, and check the overall populations [59]. Most of the tumor markers do not fit the ideal outline. The reason for this can be the relative lack of sensitivity and specificity of the obtainable analysis. It should be renowned that virtually any protein or chemical has the potential to be a tumor marker. Some substances are increased in tumor tissues and/or leak in bloodstreams or other liquids as tumor cells develop and multiply. Depending upon tumor marker, it can be measured in blood, tissue, urine or stool. Some widely used tumor markers include AFP, Her2/Neu, beta-HCG, CA 19-9, CA 27.29 (CA 15-3), CA 125, CEA, and PSA [60].




      

        Types of Molecular Markers




        Molecular Markers address a range of signs. A single marker can serve several purposes and can, therefore, be integrated into several biological markers. Moreover, a single biological marker can be categorized into distinct kinds of the tumor and/or stages of illness. This section describes ordinary terms used to define molecular testing.




        

          Diagnostic Markers




          A large group of molecular analyses aid in the diagnosis or sub-classification of a meticulous disease condition. Subclassification of the diagnostic may lead to distinct disease management, but the marker is mainly used to determine the meticulous disease that is present in the sample of a cancer patient. For example, the existence of the Philadelphia chromosome is shown in acute myelogenic leukemia through specific molecular trials, including non-Hodgkin’s lymphoma, immunophenotyping, and fluorescence in situ hybridization (FISH) [61, 62].


        




        

          Prognostic Markers




          Prognostic markers are associated with a few clinical upshots. For example, overall survival or recurrence-free survival, independent of the therapy [63]. The existence of p53 mutations is an instance of a prognostic marker subset of patients with more progressive disorder disease for certain cancer [64].


        




        

          Predictive Markers




          Predictive markers estimate the procedure of a specific kind of therapy and are used for further treatment choice. They are used as indications of the probable advantage of precise patient treatment [63]. One instance of a predictive biomarker is a human epidermal growth factor receptor 2 (HER2 (ERBB2). HER2 (ERBB2)-negative tumor cells do not counter with trastuzumab; HER2 positivity, therefore, is predictive of the possible response of trastuzumab in newly diagnosed breast cancer patients [65].


        




        

          Companion Diagnostic Markers




          Companion diagnostic markers may be a diagnostic, prognostic, or predictive diagnostic marker. It can be used to recognize a subgroup of patients who have benefited from therapy. Particularly, prospective data illustrate that patients with positive markers help from the treatment. Consequently, companion diagnostic markers are mainly a subgroup of predictive markers. Evidence may not be adequate to decide whether they have independent prognostic or predictive effectiveness for the disease. One latest example of co-approval of a drug and companion diagnostic is the BRAF V600E mutation test co-approved with the kinase inhibitor vemurafenib. The kinases of activating BRAF V600E mutation are sensitive to vemurafenib, a tiny BRAF molecule inhibitor in 30-60% of melanoma [66, 67].


        


      


    




    

      CURRENT DIAGNOSIS AND TREATMENTS OF BREAST CANCER




      Breast cancer is usually diagnosed during any screening test, before any sign has developed, or after when a female feels a lump on her breast [68]. In most cases, lumps can be observed on a mammogram test, and breast lesions turn out to be benign form. But, when breast cancer is suspected based of mammography or breast imaging tools, detailed microscopic investigation of breast tissue is essential for an accurate diagnosis and also to find out the degree of spread of breast cancer cells and finally to decide the types, grades, stages and molecular subtypes of breast cancer. A needle or surgical biopsy can be used to obtain the breast tissue for microscopic assessment. Guidelines for breast cancer detection in the American Cancer Society, which can vary as based on a woman’s age and enclose clinical breast examination (CBE) and mammography as well as magnetic resonance imaging (MRI) for a female with elevated at threat.




      

        Screening and Diagnosis of Breast Cancer




        

          Mammography




          Mammography is a type of low-dose X-ray machine that permits the visualization of the inside organ of the mammary gland [68, 69]. At present, conventional (film) mammography has been mainly substituted by digital mammography, which emerges to be even more precise for females younger than age 50 and women with dense breast tissue. American Cancer Society also suggested every woman receives an annual mammogram starting at age 40. It is incredibly needed that women are repeatedly screened to raise the probability that breast cancer would be diagnosed at an early stage. Combined outcomes from randomized mammography screening trials recommend that it decrease the risk of dying from breast cancer by 15-20%. Breast cancer early diagnosis by mammography could also show the way to a better range of treatment options; however, mammography screening also has few potential disadvantages.


        




        

          Overdiagnosis of Breast Cancer




          One of the important limitations of mammography is the overdiagnosis of breast cancer patients [70, 71]. Overdiagnosis is the detection of breast cancer cases, which would not have progressed unless a woman underwent screening. Approximate rates of overdiagnosis are extremely variable, which is ranging from 0% to > 30%. False-positive outcomes of mammography are defined as when there is no breast tumor, but it leads to follow-up examinations of breast cancer patients. It is found that on usual, ~10% of women will have reminisced from each screening test for additional testing, but merely 5% of these females will have breast cancer.


        




        

          Magnetic Resonance Imaging (MRI)




          Magnetic resonance imaging, magnetic fields are mainly used to turn out comprehensive and cross-sectional images through the body [69, 72]. MRI examinations for breast imaging employ a contrast material such as gadolinium DTPA that is injected through a vein into the arm to improve the capability to capture detailed images of breast tissues. In 2007, a professional panel of oncologists made by the American Cancer Society published a suggestion on the employ of MRI for screening the women at an increased risk for breast cancer. They suggested yearly MRI testing an additional to regular mammography for women at increased lifetime threat beginning at 30 years of age.




          Limitation: According to the panel, MRIs should complement, but not replace mammography-screening test. For females whose lives are below 15% at risk of breast cancer, MRI testing is not suggested.


        




        

          Breast Ultrasound




          Screening or diagnostic mammograms or physical examinations are specially used to evaluate atypical findings of breast ultrasound [73]. Some clinical researchers have also recommended that breast ultrasound may identify female cancer with dense breast tissue more accurately than a mammography test alone.




          Limitation: Breast ultrasound also raises the chance of false-positive results, and thus, ultrasound as an alternative to breast mammography is not generally suggested.


        




        

          PET Scan




          For PET scan, patients are being injected with tracer. Then, a device creates 3-D images showing wherever the tracer is gathered. However, these scans demonstrate how tissues and organs function.


        




        

          X-rays




          X-rays are using low doses of radiation in order to generate images within the body of cancer patients.


        




        

          Biopsy




          The removal of cells or tissues from patients, pathologists viewed under a microscope and confirm for signs of disease. If a lump is detected in the breast, a small piece of the lump may have to be removed by the consultant.




          There are four types of biopsy used to pathological confirmation of breast cancer:





          

            	
Excision: The removal of a whole lump of tissue.




            	
Incision: The removal of part of a plump or a sample of tissue.




            	
Core: The removal of tissue employing a wide needle.




            	
Fine-Needle Aspiration (FNA): The removal of tissue or fluid, using a thin/skinny needle.


          


        


      




      

        Breast Cancer Treatments




        The patient and the physician make the decisions regarding the accurate treatment after deliberation of the optimal treatments to be used for the stage and biological features of the breast cancer, the patient’s age as well as preference, and the benefits and risks linked with each treatment protocol. Most of the females with breast cancer will have some surgery. Surgery is often used with other treatments for instance, chemotherapy, hormonal, radiation and/or targeted therapy.




        

          Surgery




          The main objective of breast cancer surgery is to eradicate the breast tumor mass and to decide the stages of the disease [74-77]. This kind of treatment engages breast-conserving surgery (BCS) or mastectomy. In BCS (also known as quadrantectomy or lumpectomy), simply breast tumor mass along with a rim of normal tissue are removed from the body. However, simple mastectomy employs the total removal of the breast. In the recent past, modified radical mastectomy is being used, that employs the removal of the entire breast with axially lymph nodes. Though, this surgical treatment does not involve the removal of the underlying chest wall muscle, along with a simple radical mastectomy. It is reported that 57% of females detected with early-stage breast cancer (stage I or II) have BCS, 36% have a mastectomy, 6% have no surgery, about ~ 1% do not receive any kind of cure. While on the other hand, among females with late-stage breast cancer (III or IV), 13% have BCS, 60% have a mastectomy, 18% have no surgery, and 7% have no therapy.




          It is also found that both mastectomy and BCS are performed in combination with the removal of regional lymph nodes near armpit to find out whether cancer has invaded beyond the breast or not. If it is found that breast cancer cells are spread in the lymph nodes, then that information will help decide the need for consequent therapy and the course of treatment. Nowadays, sentinel lymph node biopsy (SLNB) is also commonly used to reduce the need for full axillary lymph node dissections. In this surgery, selected parts of lymph nodes are removed and tested for breast cancer cells spreading before any others are excised. Moreover, recent clinical trials also indicate that axillary lymph node dissection may be prevented for a few breast cancer instances treated with lumpectomy and radiation, even if one or two sentinel lymph nodes have cancer cells.


        




        

          Limitations




          Although removal of axillary lymph nodes with surgery and radiation therapy are effectively used worldwide, this may also cause a serious swelling of the arms, which is caused by the retention of lymph fluids. This type of clinical condition is termed as “lymphedema,” and it is also found that breast cancer patients who undergo axillary lymph node removal are ~3 times more possible to develop lymphedema comparatively to those patients who have SLNB [75]. Approximately 5% of breast cancer patients with SLNB and 16%-18% of breast cancer patients were also anticipated. Subsequently, SLNB will create clinically measurable lymphedema undergoing axillary lymph node dissection.


        




        

          Radiation Therapy




          In radiation therapy, high-energy rays or electrons are used in radiation treatment to destroy cells breast cancer [78-80]. Behind therapeutic surgery, Radiation therapy can also be used to destroy all surviving breast cells in the breast, chest wall, or underarm region [77, 79]. Radiation therapy is almost suggested for women after BCS, as it has shown to the reduction of ~50% in the incidence of breast cancer recurrence and mortality by ~20%. There are also few clinical studies demonstrate that individuals who have breast tumor greater than 5 cm or who find breast cancer cells are originated in the lymph nodes, also need radiation therapy. This mode of treatment is also needed to cure the signs of an advanced stage of breast cancer. Internal or external radiation therapy may be provided. Few women are treated with both kinds of radiation therapy, and these given therapies are dependent on the stage of breast tumor, form, and location.


        




        

          Internal Radiation Therapy




          Internal radiation therapy is a type of accelerated partial breast irradiation (APBI), in which a radioactive substance is essentially sealed into seeds, wires, nets or catheters, directly located near or into breast tumor. This is also referred to as brachytherapy. Internal radiation therapy also used in the form of intracavitary brachytherapy and is given to breast cancer patients for only five days. While on the other hand, exterior beam radiation is the most common type of radiation treatment used for a female with breast cancer. This sort of treatment focuses on the region impacted by breast cancer from a machine outside the body. This treatment generally involves the entire breast and may also consist of the chest wall and submerged region, based on the size and area of breast cancer. External beam radiation treatment is usually taking place daily for 5-6 weeks; nevertheless, the latest clinical studies have demonstrated just it has been effective to shorten the treatment duration from 6 to 3 weeks (referred to as accelerated breast irradiation).


        




        

          Limitations




          However, there are few limitations associated with radiation therapy and a recent retrospective clinical study reports that patients with breast cancer who received with brachytherapy were more probable than patients with full-breast radiation to experience major problems and to undergo a consequent mastectomy. Further follow-up information is necessary to determine how long-term radiation of the partial breast is enhanced, and to determine which of the finest suitable candidates for breast cancer treatments.


        




        

          Systemic Therapy




          Systemic therapy is a treatment, in which chemotherapeutics drugs travel through the bloodstream of breast cancer patients and affects different parts of the body, not just the breast tumor. These cancer medications are injected into a vein or orally to patients with breast cancer. The main components of systemic therapy mainly include chemotherapy, hormone therapy, and targeted therapy, and all of which will work through the distinct molecular and cell-based methods. For example, chemotherapy drugs, for instance, work by killing unrestricted cells of breast cancer that expand and split. Whereas hormonal therapy works by either diminish the concentration of these women’s hormones, which can promote the growth of breast cancer cells or by inhibiting the body’s natural hormones system.




          But, in individuals with breast cancer before surgery, if any systemic treatment is given it is known as neoadjuvant therapy [81-83]. Neo-adjuvant treatment is mainly to shrink breast tumor growth and also sufficient to facilitate and reduce surgical dissection. This type of systemic chemotherapy is as successful as therapy given later than surgery in terms of survival, disease progression, and far-away organ relapse is just as effective as postoperative treatment. While systemic therapy is given after surgical removal of the breast tumor mass, then it is called as adjuvant therapy [84, 85]. This kind of treatment is used to kill those undetected breast cancer cells, which remained after the surgical removal of a breast tumor or had invaded other organs of the female body. The tumor stage, histopathological features decide the use of adjuvant systemic therapy and this is the crucial therapeutic strategy for those breast cancer patients who may not benefit from surgery owing to metastasis.


        




        

          Chemotherapy




          The application and benefits of chemotherapy are dependent on multiple conditions, that include the number of lymph nodes involved, size of breast tumor, the existence of estrogen or progesterone receptors, and also the level of HER2 protein expressed by the breast cancer cells [86, 87]. Chemotherapy is more susceptible to HER2-enriched, basal and breast cancers, while luminal A breast tumors are usually least reactive. In most instances, combinations of medications are more efficient than single therapy; however, over the last few decades, there has still not been any indication that any single combination is best suited to all subtypes of molecular breast cancer. Chemotherapy usually takes 3-6 months based on the combination of medicines used for treatment. Chemotherapy is most helpful when the complete dose and drug cycle have been finished promptly


        




        

          Hormonal Therapy




          In hormonal treatment, tamoxifen and toremifene (Fareston), one of the few well-known drugs are used to eradicate breast cancer cells by inhibiting their proliferation and growth [88, 89]. These drugs inhibit the binding of estrogen to breast cancer cells and hence reduce their unrestricted growth, and these drugs are equally efficient in both pre and post-menopausal females. For the first decades, ER+ therapy for tamoxifen users has demonstrated a 39% reduction in the frequency of breast cancer relapse and a decline in the death rates by around1/3 in the first 15 years. Fulvestrant (Faslodex), letrozole, anastrozole, and exemestane are also a newer class of drugs, which is also being employed to care for the advanced stage of breast cancer patients both pre and post-menopausal women and they work by reducing the estrogen receptors and blocking the binding of estrogen.


        




        

          Targeted Therapy: Therapy Intended at HER2




          In targeted therapy aimed at HER2 protein, Trastuzumab (Herceptin), and Pertuzumab like monoclonal antibodies, are mainly used to target the HER2 protein [90-93] directly. The HER2 protein is very crucial for breast cancer cells to divide rapidly and also grow faster, and generally, breast cancer cells overproducing HER2 protein could cause a relapse of breast cancer. Recent clinical studies show that trastuzumab and pertuzumab, in combination with standard chemotherapy for early-stage HER2-positive breast cancer, decrease the risk of breast cancer recurrence and overall mortality rate by 52% and 33%, correspondingly, as a contrast to standard chemotherapy unaided. In developed instances of HER2-positive breast cancer, these medications are also a standard part of therapy.




          Another medicine, ado-trastuzumab emtansine (Kadcyla, formerly called TDM-1), was also recently authorized by the FDA for the use of the same monoclonal antibodies, which is also associated with a chemotherapy medication called DM-1. The drugs are HER2 positive advanced stages of breast cancer and are composed of the same monoclonal antibodies. The drug depending on the antibody is a homing device that carries the chemotherapy drugs to the target directly breast cancer cells. Lapatinib (Tykerb), another important medicinal product that has grown to resist trastuzumab treatment for patients with HER2-positive breast cancer.


        




        

          Other Targeted Drugs




          Everolimus (Afinitor) and bevacizumab (Avastin) are also another class of drugs that target mTOR and vascular endothelial growth factor (VEGF) proteins, respectively, and impede the growth as well as neoangiogenesis of breast tumors [94-96]. Everolimus was also recently approved by the FDA to treat metastatic positive hormone receptor, HER2-negative breast cancer cases in the postmenopausal female.


        


      


    




    

      SUMMARY AND CONCLUDING REMARKS




      Early detection of cancer can play an important role in the tumbling incidence and burden of breast cancer. Although some threat rebates might be attained with an obstacle, this approach cannot eradicate the majority of breast cancers that build up in low-income and middle-income states. Consequently, early detection may assist in breast cancer diagnosis, and survival remains a vital factor [97]. The effective strategies for diminishing the breast cancer burden globally should be comprehensive approach needed for cancer prevention and public awareness training programme to narrow down the widen gap between advanced evidence-based information of breast cancer control to reduce the established extrinsic and intrinsic risk factors, particularly in less developed countries, which has been convinced to be most potential and indelible control of cancer prevention. In addition to the prevention of breast cancer, we discuss how the implementation of current knowledge, coverage of effective screening, educating, and public awareness programs may ensure breast cancer burden. Owing to lifestyle modification, proper interventions are required to minimize the risk of having breast cancer and thus, ultimately improved the health of breast cancer patients. Identifying modifiable risk variables can contribute to development and prevention policy and reduce breast cancer incidence and mortality rate.
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