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Introduction
Breast cancer is a highly heterogeneous disease from a 

clinical, genetic and phenotypic point of view. Early cancer 
detection and improvement in cancer treatments are critical 
factors in improving breast cancer survival. In recent years, the 
number of breast cancer treatments has highly increased, and 
the introduction of a structured breast cancer classification has 
strengthened the criteria for treatment decisions. However, lack  

 
of absolute improvement in patient survival after treatment 
and tumor relapse [1], suggest that, despite treatment 
improvements, different patients react in different ways to their 
treatments. This shows that the criteria used to assign patients 
to a particular option is not enough and that new strategies 
should be considered to discriminate between patients that will 
respond or not to individual treatments.
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Abstract

Globally, breast cancer is the most common cancer in women. Both in the developed and developing the world, breast cancer is one of the 
most frequent grounds of mortality and morbidity among women. In 2008, there were an estimated 1.38 million new cases of breast cancer in 
women, and over 450,000 deaths from breast cancer reported worldwide. In particular, researchers have been found that for women with breast 
cancer, the diagnostic phase (shortly after diagnosis and before adjuvant therapy), adjuvant phase (throughout adjuvant chemotherapy and 
radiation therapy) and initial recovery phase (directly after adjuvant therapy has been completed) is particularly challenging. Throughout these 
phases, women with breast cancer may experience many symptoms resulting from the primary disease and/or the treatment of the disease. 
Women with breast cancer have travelled an arduous journey by the time they become symptomatic, endure active treatment, and progress either 
to survival or death. These women may suffer from numerous symptoms resulting from the primary disease and/or the treatment of the disease. 
Because of its cost and the need for specialized multimodality infrastructure and human resources, the variability in treatment standards offered 
to breast cancer patients is even higher than that of screening options. 
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Figure 1: Etiology of Breast cancer.
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Breast cancer is the most common malignancy diagnosed in 
women and is the leading cause of cancer deaths worldwide [2]. 
Failure in eradicating breast cancer is primarily due to the lack 
of identifying a specific etiology, the precise time of initiation 
and the molecular mechanisms responsible for cancer initiation 
and progression (Figure 1). Although having a mother or sister 

with breast cancer significantly increases a woman’s risk of 
developing breast cancer [3], less than 5% of breast cancer cases 
can be attributed to the family history of the disease [4,5]. This 
leaves the vast majority of breast cancers as occurring due to 
environmental effects or unknown genetic factors. 

Figure 2: Symptoms associated with the development of breast cancer.

A general limitation in breast cancer research is that the 
sample usually seems to be taken from women’s health or breast 
cancer centres which may result in only women with an interest 
or concern in their health being included. Also, there is very 
little research conducted with women in the 20-25 age group. 
Most studies that have claimed to include young women usually 
look at women below 40 (although there is no consistency in 
age groups between studies). As previously stated, there is no 
clear definition as to what is meant by the term ‘young’. Further, 
it is difficult to ascertain the exact symptoms that a patient 
with breast cancer may experience (Figure 2). Symptoms can 
exist alone, however, more often multiple symptoms coincide, 
and commonalities exist [6]. Indeed patients with cancer often 
experience several symptoms concurrently [7]. 

Breast cancers cases present with a wide range of different 
morphological, biological and clinical characteristics. Different 
breast cancer subtypes were identified initially by morphological 
analysis, leading to the classification of carcinomas into ductal 

or lobular types. At the same time, protein expression analysis 
by immunohistochemistry (IHC) leads to the identification of 
different breast cancer subtypes such as the ER-positive or the 
Her2-positive groups. These parameters are widely used in the 
clinical setting to assign patients to risk groups to determine their 
requirement for local and systemic therapy, such as radiotherapy, 
endocrine and/or chemotherapy, and Her2-targeted therapy. 

Risk Factors
One of the issues when examining breast cancer risk in this 

light is that, as yet, it is not known exactly what causes breast 
cancer [8]. An understanding of these risk factors is essential 
for the development of both treatment and prevention as well as 
for the identification of women at high risk, for the development 
of preventative and early detection strategies and for the 
elimination of adverse environmental conditions and lifestyle 
behaviours [9]. Several factors have been identified as increasing 
the risk of breast cancer including age, reproductive or hormonal 
factors, and family history or genetic factors (Figure 3). 
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Figure 3: Risk factors associated with the Breast cancer.

Age is one of the strongest and most frequently identified 
risk factors for breast cancer. As women age, the risk of breast 
cancer increases [10]. The mortality rates associated with breast 
cancer increase from 30-34 up to 85 years of age reflecting the 
risk associated with increased age [1]. Women who have their 
first menstrual bleed (menarche) early, never bear children 
(nulliparity) or have menopause later in life have an increased 
risk of developing breast cancer, due to the increased number 
of menstrual cycles [11,12]. Conversely, women who have their 
first pregnancy after 30 years of age have an increased risk of 
developing the disease [13,14]. 

Family history has been repeatedly acknowledged as a 
powerful risk factor for the development of breast cancer [15-
18]. Women who have a first degree relative (mother, sister 
or daughter) with breast cancer have an increased risk of 
developing the disease compared to women who have no family 
history [9,17]. This risk becomes even more significant if the 
relative develops breast cancer before the age of fifty [8,9,19].

Geographical variation has also been viewed as being a risk 
factor for breast cancer. For women in the western world breast 
cancer is a regular occurrence; this is not the case for women 
in other areas of the world such as Eastern Europe, Asia and 
generally among black populations south of the Sahara [9]. Diet 
has also been identified as one of the risk factors associated with 
breast cancer. One of the significant differences seen between 
countries that have a high incidence of breast cancer and those 
who have a lower incidence is the consumption of animal fat [9]. 

A general model for carcinogenesis state that a normal 
cell must achieve seven new capabilities to become malignant. 
These changes are a loss of apoptosis, loss of growth inhibition, 
genetic instability, self-sufficient growth, angiogenesis, limitless 
replication and tissue invasion capacity. 

Breast Cancer Detection and Diagnosis 
Clinical detection of breast cancer is determined through 

a series of examinations by different methods. Guidelines for 
diagnosis of breast cancer include using a four-point system with 
clinical (palpation of the breast and local regional lymph nodes), 
pathological (core needle biopsy or fine needle aspiration), and 
radiological examinations (mammography of the breasts and 
ultrasound of the breast and local regional lymph nodes).

A clinical breast exam is a physical examination of the breast, 
whereby visual or palpable abnormalities are detected and a 
patient’s history is taken including previous breast screens, 
changes in the breast or risk factors for developing the disease 
[20]. A mammogram is an x-ray that can detect the presence 
or absence of a mass and or microcalcifications or changes in 
the density of the breast [21]. Ultrasound is used to determine 
if any masses are solid or a cyst. Mammography together with 
ultrasound gives increased sensitivity than mammography alone 
in patients with breast tumors [22]. Magnetic resonance imaging 
(MRI) is not used routinely in breast cancer screening but is a 
diagnostic tool available to detect breast tumors in particular 
cohorts of patients [23]. 
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Many breast lesions are found to be benign, and an increased 
risk of developing breast cancer has been associated only with 
patients with a family history or highly proliferative lesions [24]. 
Pathological examination of the lesions determines if they are 
malignant or not and if so, identifies what type of breast cancer 
it is. The stage of a tumor is determined based on the American 
Joint Committee on Cancer (AJCC) TNM staging system which 
considers the size of the tumor (T), the involvement of lymph 
nodes (N) and the presence or absence of metastases (M). Another 
kind of pathological assessment of grading tumor is Grade I-
III or degree of differentiation. Grade I, (Well-differentiated 
tumors) are organized in the same way as of the tissue of origin 
having favorable prognosis. However, during tumor evolution, a 
tumor undergo a reversal of differentiation and lose specialized 
characteristics resulting in neoplastic tissue that does not look 
like the tissue of origin (moderately differentiated tumors (Grade 
II) and poorly differentiated tumors (Grade III, unfavourable 
prognosis).

The expression of tumour markers is another diagnostic 
tool used to diagnose breast tumors and determine treatment 
options. Breast tumours are broadly categorized as luminal 

(A or B), Her2 overexpression or triple negative. Luminal 
breast cancers are positive for either estrogen receptor (ER) 
or progesterone receptor and negative or positive for human 
epidermal growth factor receptor 2 (Her2), corresponding to 
luminal A or B tumors, respectively [25]. Patients with luminal A 
breast tumors have a better prognosis than those with luminal B 
[26]. Her2 postive breast tumors have an increased expression of 
Her2, as verified by gene expression and protein analysis [27,28]. 
Aberrant expression of Her2 is associated with metastasis [29]. 
Tumors negative for ER, PR and Her2 are considered triple 
negative. Triple negative breast tumors are further classified into 
basal tumors which express basal cytokeratins and epidermal 
grown factor receptor (EGFR) [30]. Expression of EGFR in breast 
tumor is associated with an aggressive phenotype and increased 
lymph node metastasis [31].

Treatment of Breast Cancer
The treatment of choice depends upon the type of cancer, 

the stage of disease and the pathologic features observed. The 
most commonly adopted treatment options (Figure 4) includes 
the following.

Figure 4: Treatment options for breast cancer.

Surgery
Surgery is the leading treatment option for most breast 

cancer. A sentinel node biopsy aids the diagnosis of breast cancer 
and is a procedure whereby a blue dye is injected into the tumor 
area, and the first lymph node that takes up the dye is removed 
and checked for the presence of cancer cells, which may indicate 
metastases [32,33]. Following a diagnosis of breast cancer, surgery 
is one of the first lines of treatment. Surgery options include a 
mastectomy or breast-conserving surgery. Although in modified 

radical mastectomy, the entire tumor mass was removed, failure 
of this procedure and recurrence of breast cancer was high. A 
new type of surgical treatment for a lumpectomy is a Breast-
conserving treatment (BCT) where the tumor and surrounding 
tissue are removed preserving most of the breast structure 
[34]. Alternatively, a skin-sparing mastectomy has followed that 
preserve the skin to allow breast reconstruction [35,36]. While 
overall disease-free survival does not differ between patients 
who had a total mastectomy or a lumpectomy with or without 
radiation treatment, disease recurrence following lumpectomy 
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has been shown [37]. In particular, patients with triple negative 
breast cancer have been shown to have increased residual 
disease after lumpectomy [38]. However, in patients with early-
stage breast cancer, a lumpectomy or breast-conserving surgery 
followed by radiation therapy is as successful as a mastectomy 
[39-41]. 

Radiotherapy
Radiotherapy for treatment of breast cancer used high 

doses of radiation to kill cancer cells directly and is usually 
given after surgery. Breast radiation therapy after lumpectomy 
lowers the rate of local disease recurrence and increases survival 
[1]. For patients with early breast cancer, when radiotherapy 
is received after a lumpectomy, its success is comparable to 
patients who had a mastectomy [37]. Radiotherapy can be given 
with chemotherapy in most cases, although the therapeutic 
combinations of chemotherapeutics may lead to adverse 
toxicity [42]. It is recommended that when radiotherapy is 
being given with chemotherapy, whether after a mastectomy or 
breast conserving surgery that it is given after chemotherapy 
[43]. Patients receiving hormonal therapy can also be given 
radiotherapy [44]. Side-effects associated with radiotherapy are 
generally related to the site of treatment and include the skin 
being tender, red, dry and itchy [45]. 

Hormone therapy
Cumulative exposure of the breast epithelium to steroid 

hormones, particularly estrogens, is a significant risk factor in the 
development of mammary carcinoma. At least three mechanisms 
are considered to be responsible for estrogen carcinogenicity. 
The most widely recognized is the receptor-mediated 
hormonal activity, which is generally related to stimulation of 
cellular proliferation, resulting in more opportunities for the 
accumulation of genetic damage leading to carcinogenesis. The 
second mechanism is a direct, receptor-independent genotoxic 
effect elicited by reactive intermediates generated through 
cytochrome p450-mediated metabolic activation, which increase 
DNA mutation rates. Finally, a third mechanism is postulated to 
compromise the DNA repair system, leading to the accumulation 
of genetic lesions (such as deletions in chromosomes 9 and 4 
essential for tumorigenesis [46]. 

Hormone receptor positive breast cancers express ER 
and/or PR. Anti-estrogens such as tamoxifen, fulvestrant 
and aromatase inhibitors are widely used to treat this type of 
breast cancer. Treatment occurring before surgery is termed 
neoadjuvant, and aims to reduce the size of the tumor and stop 
disease progression [47,48]. Treatment following surgery is 
termed adjuvant. Tamoxifen belongs to a group of drugs known 
as selective estrogen receptor modulators (SERMs) and works by 
competitively binding the estrogen receptor thereby blocking its 
effects [49,50]. Treatment with tamoxifen in early breast cancer 
has been shown to reduce cancer recurrence and mortality (over 
15 years) [51]. Fulvestrant is another anti-estrogen belonging 
to the drug group selective estrogen receptor down-regulators 

(SERDs) and has been found to be more effective and have a 
higher affinity to the ER than tamoxifen [52]. However, in a 
randomized trial comparing fulvestrant and tamoxifen, tamoxifen 
showed better efficacy as a first line treatment [53]. Although 
this fulvestrant has shown effectiveness in the treatment of 
tamoxifen-resistant breast cancer [54]. Aromatase inhibitors, 
including anastrozole and letrozole, are another group of anti-
estrogen drugs that block estrogen synthesis and have been 
found to have decreased side effects compared to tamoxifen 
[55-57]. Treatment with tamoxifen or aromatase inhibitors for 
5 years has been recommended as a preventive measure for 
recurrence in patients with hormone receptor positive breast 
cancer [58]. 

Some patients with hormone receptor-positive breast 
cancer, despite treatment with anti-estrogens, develop 
resistance to treatment. Crosstalk between the ER and others 
receptors and pathways including Her2, EGFR, insulin-like 
growth factor receptor (IGF-IR) and PI3K/Akt/mTOR can affect 
the responsiveness of tumors to anti-estrogen treatment and 
may lead to resistance [59,60]. As such, targeting the ER and 
other receptors simultaneously has been investigated with 
positive results and may offer therapies to overcome endocrine 
resistance [61,62]. In particular, a phase III clinical trial treating 
with the mTOR inhibitor everolimus together with the aromatase 
inhibitor exemestane improved progression-free survival and 
response in hormone receptor positive breast cancer patients 
with advanced disease who had previously received aromatase 
inhibitors [63]. Based on these the FDA has recently approved the 
use of everolimus with exemestane in postmenopausal women 
with hormone receptor positive, Her2 negative breast cancer 
who have disease recurrence or progression following treatment 
with aromatase inhibitors [64]. Common side-effects associated 
with hormone therapy are similar to those experienced by 
women going through the menopause, and include, hot flushes, 
vaginal discharge/dryness, nausea, joint and/or muscle pain 
[65]. 

Chemotherapy 
Chemotherapy is a treatment option for patients with 

receptor-negative breast cancer, those who have not responded 
to endocrine or Her2 targeted treatment and in some cases 
Her2 positive breast cancer [66]. Chemotherapeutic agents 
are cytotoxic and target highly proliferative cells. Many 
chemotherapeutic agents exist that are effective in treating breast 
cancer and include anti-metabolites, platinum-based agents, 
anthracyclanes and taxanes to name a few. Some commonly 
used examples of these agents include 5-fluorouracil, cisplatin, 
doxorubicin and paclitaxel, respectively [60]. Chemotherapeutic 
agents are often used in combination or with other targeted 
therapies. 

The use of Herceptin and chemotherapy together has been 
found to increase survival and decrease disease progression 
in patients with Her2 positive metastatic breast cancer, than 
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those treated with chemotherapy alone [67]. Recently, the use 
of docetaxel and carboplatin together has been tested in phase 
II clinical trials for the treatment of later stage breast cancer in 
women with hormone receptor positive, Her2 positive or triple 
negative tumors, and was found to have tolerable toxicity levels 
and good overall response [68]. Additionally, gene expression 
profiling is being used to predict patient outcome and response 
to different therapies. Mammaprint® and Oncotype DX® are 
two such profiling platforms. In ER-positive breast tumors, the 
Oncotype DX® based on the expression of cancer-specific genes, 
predicts whether patients are at risk of cancer recurrence or will 
benefit from chemotherapy [69]. 

Chemotherapy targets highly proliferative cells, as such, 
common side-effects associated with chemotherapy include 
hair loss, lack of energy and features associated with the 
digestive system including loss of appetite, nausea, vomiting, 
diarrhea, mouth ulcers and the blood system including increased 
susceptibility to infections and bruising due to a compromised 
immune system [70]. 

Targeted therapy
Breast tumors found to overexpress Her2 are treated with 

the monoclonal antibody Herceptin® (trastuzumab) [27,67]. 
Aberrant expression of Her2 is associated with decreased 
survival and worse outcome in breast cancer patients [27]. 
However, the use of Herceptin® has been shown to improve 
outcome in patients with metastatic breast cancer alone or in 
combination with chemotherapy [63,71]. Lapatinib, an EGFR and 
Her2 specific tyrosine kinase inhibitor (TKI), and Herceptin®, 
together with chemotherapy has been found to have increased 
efficacy in the treatment of Her2 positive breast cancer than with 
lapatinib or Herceptin® with chemotherapy alone [72]. Side 
effects associated with Herceptin® treatment include nausea, 
vomiting, hot flushes and joint or muscle pain [73]. 

Role of Stem Cells and Breast Cancer Stem Cells 
Cancer research has been revolutionized with the 

identification and characterization of breast cancer stem cells 
(CSCs) in tumors which may help to improve clinical treatment 
of cancer. CSCs are enduring, slow-maturing cells that are 
commonly in a resting, quiescent cell cycle state. Nevertheless, 
natural breast cancer therapies aim at rapidly dividing cells 
which may remove the majority of tumor cells, but will most 
likely not affect CSCs. The greater part of CSCs may be eliminated 
by surgery, however CSCs have several characteristics which 
render them resilient to other treatment regimens: 

a) CSCs express higher levels of multi-drug resistant 
proteins (chemotherapy resistant)

b) CSCs express higher levels of reactive oxygen species 
(ROS) scavenging [74] and DNA damage response genes 
(radiotherapy resistant) [75]. 

c) the majority of CSCs do not express the sex hormone 
receptors, estrogen and progesterone (endocrine therapy 
resistant). By failing to eliminate CSCs, these long-lived cells 
will have time to accumulate additional mutations which may 
promote tumor recurrence and metastasis of the primary 
tumor.

Only recently, the identification of specific cell markers for 
mammary stem cell isolation has allowed a better understanding 
of their behaviour and physiology and promoted the study 
of mechanisms responsible for the transition from normal to 
cancer phenotypes [76]. In particular, the identification of a 
cellular hierarchy and heterogeneity in mammary stem cells has 
given new clues that better explain breast tumor heterogeneity; 
explicitly proposing that different types of progenitor cells can 
give rise to different types of breast cancer stem cells which in 
turn outgrow and give rise to many different cancers. Imbalance 
in different putative stem cell populations of the breast was 
found to correlate with tumor progression.
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