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Abstract: Breast cancer affect almost 1 in 8 women and it is highest in developed and developing countries. There are 
many drugs exist for the treatment of breast cancer, but still the incidence of mortality and morbidity are high among all 
cancer types in most countries. Even though the conventional therapies play a major role in the management of breast 
cancer, its complications are obvious and unavoidable. The newer targeted drug therapy came in place to reduce 
complications in some extent, but not fully. Hence, a review was aimed to analyse the efficacy and safety of newer 
anticancer drugs that approved for the treatment of breast cancer by US-FDA from 2017 to 2019. The Olaparib, 
Talazoparib, and Ribociclib are the newly approved drugs for the treatment of breast cancer during this review period. 
Among these new drugs, Olaparib and Talazoparib alone or in combination with other anticancer drugs considered as 
safe and efficacious. Patients with Olaparib or Talazoparib as monotherapy have median progression-free survival of 2.8 
to 8.6 months longer and has 42-46% lower risk of death (P<0.001). A combination of conventional therapies and non-
pharmacological approach are warranted for the best benefit of cancer patients and to improve their quality of life. 
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1. INTRODUCTION 

Incidence of breast cancer is the highest among 
other malignancies that occur in women and breast 
cancer affects 1 in 8 women throughout their lives [1]. It 
can be classified into in situ and invasive breast 
cancer, where each is further subdivided into either 
ductal or lobular types [2]. In 2018, there were 
approximately 2 million people worldwide newly 
diagnosed with breast cancer. Out of 9 million deaths 
due to cancers, breast cancer contributed 
approximately 6.6%. The age-standardised incidence 
rate for breast cancer among women in South-Eastern 
Asia is 38.1% [3-5]. In Malaysia, breast cancer ranked 
among the highest of all cancer types, contributing 
17.3% of new cancer cases for both sexes in 2018. 
There were approximately 7593 (32.7%) breast cancer 
incidences out of 23218 new cancer cases for female 
group reported. The mortality rate of breast cancer is 
11.82%, which is the second highest cancer deaths 
after lung cancer [4].  

This review was aimed to provide an overall 
knowledge on breast cancer and to analyse the  
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efficacy and safety of newer anticancer drugs that 
approved for the treatment of human epidermal growth 
factor receptor 2 (HER2)-negative breast cancer by 
US-FDA from April 2015 to March 2019. The main 
source of data used is PubMed. Articles on HER2-
positive breast cancer and animal studies were 
excluded. According to Centre Watch, there are 
altogether 3 drugs reviewed and 09 articles were 
collected. All the authors independently extracted the 
relevant information from the studies that fulfilled our 
inclusion criteria and any disagreements were resolved 
with consensus. The information extracted included the 
trial phase, region, conditions of subjects (cancer 
stage, comorbid conditions, median progression-free 
survival rate (PFS), objective response rate (ORR), 
hazard ratio) and the outcome measures. This 
information was gathered and summarized into 
paragraphs, introducing each anticancer drug 
comprehensively. 

2. CLASSIFICATION OF BREAST CANCER 

Breast cancers are classified according to their 
molecular and histology subtypes. 

2.1. Molecular Classification 

Invasive breast cancer can be categorised into 
varies molecular subtypes depending on the mRNA 
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expression profiles. There are a total of 5 subtypes, 
which are Luminal A, luminal B, human epidermal 
growth factor receptor 2 (HER2), basal/triple negative 
and normal type [7-10]. Table 1 displays the details of 
each subtype. 

2.2. Histology Classification 

In-situ breast carcinoma is sub-classified into 2 
categories, lobular cancer in situ (LCIS) and ductal 
carcinoma in situ (DCIS). DCIS lesions mostly appear 
in the mammary ducts while LCIS may originate from 
the unusual development of cells, which is known as 
atypical lobular hyperplasia [7]. DCIS can develop into 
invasive carcinoma and it contributes to 30% of all 

malignant lesions. Conversely, LCIS is usually 
polycentric and bilateral [11]. Invasive breast 
carcinoma has different subtypes. The most common 
subtypes are the infiltrating ductal (approximately 70-
80%) and infiltrating lobular (approximately 5-10%). 
Inflammatory, metaplastic, Tubular, Mucinous, 
Medullary, Papillary, Paget disease and infiltrating, 
Squamous cell, Adenoid cystic, and Secretory cancer 
are examples of other less common subtypes [11]. 

3. ETIOLOGY 

There are different causes of breast cancer, such as 
past medical history of breast cancer, genetic 
predisposition, hormone and reproductive factors, 

 
Figure 1: Report of breast cancers from different parts of the world [5,6]. 

Source: Globocan, Worldwide reported breast cancer 2008, 2012, and 2018 International Agency for Research on Cancer 
(IARC).  

 

Table 1: Classification of Breast Cancer Based on Molecular Subtypes 

Molecular subtypes Description 

Luminal A Luminal A type is characterized as oestrogen-receptor (ER) and/or progesterone-receptor (PR) positive, 
HER2 negative and has little Ki-67 protein, which controls cell proliferation rate. Luminal A cancers are 

generally low-grade and show favourable prognosis [7-9]. 

Luminal B Luminal B type is ER and/or PR positive, consists large amount of Ki-67 protein and either HER2 negative 
or positive. Luminal B type of cancers have poorer tumour grade and less favourable prognosis compared 

with luminal A [7-9]. 

HER2 HER2 type tends to be ER and/or PR negative, while HER2 appears to be positive. Those cancer cells 
have a higher proliferation rate compared to luminal type and have a poor prognosis [7-9]. 

Basal/Triple negative Basal/triple negative type is ER, PR and HER2 negative. BRCA1-related mutations are mostly both triple 
negative and basal-like. These tumors are more commonly seen among younger women, and also 

among African-American or Black or non-Hispanic Black women [7-9]. 

Normal Normal type is similar to luminal A type, but its prognosis is slightly poorer than luminal A type [9,10]. 
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family history associated with cancer, and other risk 
factors. The causes are discussed in detail as below: 

3.1. Past Medical History of Breast Cancer 

Based on the outcome obtained by Hartmann et al., 
there is higher probability of developing cancer in 
another breast of a women who has previous history of 
breast cancer. Among 616 unilateral breast carcinoma, 
55.5% occurred in the same breast whereas 44.5% 
were found to be in the contralateral breast. Based on 
the follow-up conducted in the first 5 years of the study, 
there was a greater incidence of ipsilateral breast 
cancer compared to that of contralateral cancer 
(Relative risk: 1.88; 95% CI: 1.33-2.64) [12]. 

3.2. Significant Family History 

Women with strong family history of breast 
carcinoma have greater relative risk (RR) (RR:1.93; 
95% CI: 1.58 - 2.32), compared to those with poor 
family history (RR: 1.43; 95% CI: 1.15 - 1.75) and 
subjects without a family history (RR: 1.18; 95% CI: 
1.01-1.37). Hence, if there is strong family history, the 
patient may associate with a greater probability of 
getting breast cancer [12]. There is a correlation 
between maternal or paternal relatives, which lead to 
the likelihood of developing breast cancer. If the close 
relative develops breast cancer of both breasts at the 
early stage of life, the likelihood of getting breast 
cancer is the greatest [13]. Hence, first-degree relatives 
are the most crucial in predicting the risk, however, 
second-degree relatives may also alleviate the risk.  

3.3. Genetic Causes 

Mutation of genes involving BReast CAncer gene 1 
(BRCA1) and BRCA2 primarily contributes to inherited 
breast cancer. For carriers of mutated BRCA1 genes, 
their lifetime breast cancer risk is between 65% - 81%, 
whereas for BRCA2 carriers the risk ranges between 
45% - 85% [14-16]. 

3.4. Reproductive Factors and Endogenous 
Hormone Exposure  

The level of endogenous oestrogen throughout a 
woman’s lifespan have growth or protective effects 
against breast carcinoma. Both pre and post-
menopausal women with early menarche has higher 
risk for breast carcinoma. It is statistically shown that a 
delay in the first cycle of menstruation by 2 years is 
linked to a reduction of percentage of approximately 
10% in the likelihood of developing breast carcinoma 
[17]. Pregnancy and the age giving first birth are also 

responsible in breast carcinoma progression. In 
general, nulliparous women are often associated with 
elevated likelihood of getting breast cancer in 
comparison with parous women. Women who give birth 
at young age will provide protective effect against 
breast carcinoma. However, those who give first birth 
at advanced age present with a higher likelihood of 
developing breast carcinoma when compared with 
nulliparous women [18]. 

Testosterone, the high level of this endogenous sex 
hormone levels predisposes both pre and post-
menopausal women at a higher chance of developing 
breast carcinoma [RR 2.86-3.28] [19]. Elevation of 
breast cancer risk has been related with later 
menopause onset. There is also been reported of an 
increased possibility in developing breast carcinoma by 
3% for each year delay in menopause onset; whereas 
the possibility increased to 17% for every 5-year delay 
[20]. 

3.5. Exogenous Hormone Exposure 

Studies showed that there is a correlation between 
hormone replacement therapy (HRT) and the likelihood 
of developing breast carcinoma. In a randomized 
control trial, there is notable increased breast cancer 
risk, delayed diagnosis of breast cancer and increased 
mortality rate for postmenopausal women with intact 
uterus who used a combination of oestrogen and 
progestin. However, for postmenopausal women 
without a uterus, consuming unopposed oestrogen did 
not affect their breast carcinoma diagnosis and 
markedly reduced breast carcinoma likelihood [21]. 
Meanwhile, it is also suggested that postmenopausal 
women with unopposed oestrogen are correlated with a 
greater cumulative risk of breast carcinoma 
development by 23% at the age of 70 [22]. Breast 
carcinoma risk is correlated with both the timing and 
duration of initiating HRT. There is a higher likelihood 
of having breast carcinoma detected in women who 
initiated HRT at early stage of menopause. 
Furthermore, the use of combined HRT in long term 
(greater than 5 years) will statistically raise the 
possibility of breast carcinoma, but in short-term use, it 
does not significantly increase the risk [23]. 

3.6. Risk Factor and Risk Prediction 

Risk factors such as age, breast pathology, lifestyle 
and dietary causes and environmental factors are 
correlated with a higher probability of breast carcinoma 
progression. 
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3.6.1. Age 

Age is one of the predictors in developing breast 
cancer. Based on statistics, woman in the United 
States possesses a lifetime risk of 1 in 8 woman of 
developing breast cancer. Based on the age group of 
birth to 39 years, 40-59 years and 60-69 years, the 
chances of developing breast cancer are 1 in 202, 1 in 
26 and 1 in 28 respectively [12]. 

3.6.2. Breast Pathology 

The RR for breast cancer linked with atypia was 
found to be 4.24 (95% CI, 3.26 to 5.41), in comparison 
with a RR value of 1.88 (95% CI, 1.66 to 2.12) for 
proliferative growth in the absence of atypia and RR of 
1.27 (95% CI, 1.15 to 1.41) for non-proliferative growth 
[24]. Thus, women with atypia in comparison to those 
without atypia, have a greater chance of developing 
breast cancer. 

3.6.3. Lifestyle and Dietary Cause 

Risk factors been identified of the pathogenesis of 
breast cancers; linked to nutrition, sedentary lifestyle 
(obesity, alcohol consumption, dietary intake) in post-
menopausal women [25]. The recent a multi-centre 
prospective cohort study from European Prospective 
Investigation into Cancer and Nutrition (EPIC), 
demonstrated the RR appeared to be 1.28 for both 
overweight and obese women when compared to 
normal weight women [24]. There are number of 
epidemiological studies shown alcohol consumption is 
also associated to increased risk of breast carcinoma 
and mortality. The possibility is found to be proportional 
to the amount of alcohol consumed. Alcohol level as 
little as 5.0 to 9.9g daily, or 3 to 6 drinks weekly 
(RR=1.15; 95% CI: 1.06-1.24) is statistically significant 
in elevating breast carcinoma risk [26]. Even though 
the mechanism of carcinogenesis induced by alcohol 
are still unclear, but regular intakes of some amount of 
alcohol may affect sex hormones levels for pre and 
post-menopausal women.  

3.6.4. Environmental Cause 

Studies suggest that environmental exposures such 
as chemicals, diet, radiations and other factors, during 
maturity of breast tissue, may increase risk of breast 
cancer later in life. National Institute of Environmental 
Health Sciences (NIEHS), has conducted studies to 
identify environmental exposures that can increase risk 
of breast cancer, using animal to understand the role of 
environmental agents in the initiation as well as 
progression of cancer. Some example of exposure was 
identified are such as female airline flight attendants 
whom were exposed to higher cosmic radiation while 

flying had higher incidence rate of breast cancer [27]. 
Another example can be seen following a nuclear 
accident took place in Chernobyl where there is a 
notable 2-fold increase in breast cancer among women 
who were exposed to the radiation [28]. 

4. PATHOPHYSIOLOGY 

4.1. Hormone Signaling Pathway 

Oestrogen or oestrogen, together with other 
hormones, in the development of female sex hormone 
and secondary sex characteristics, has an essential 
role in the regulation of the menstrual cycle and 
reproduction. Therefore, oestrogen has been acts as a 
mammary epithelial cell carcinogen; exposing 
reproductive risk for breast cancer mediated by 
hormonal mechanisms. The proliferative effects of 
oestrogen are mediated by an intracellular receptor, the 
oestrogen receptor (ER) [29-31]. The two known 
variants of ER receptor are ERα and ERβ. The ERα 
primarily expressed in mammary gland development 
whereas ERβ involved more in lobulo-alveolar 
development [29, 30]. When oestrogen passes through 
the cell membrane, it binds to the ER, forming an active 
transforming factor that binds DNA as a dimer at 
specific oestrogen response elements (ERE) and 
ultimately leading to its transcriptional activation 
[29,30,32]. Gene transcription can be furthered 
modified by interactions between the ER and 
coactivators or corepressors at the nuclear level, thus 
permitting tremendous variability in the natural 
oestrogen 17β-estradiol (E2) actions at gene level [30]. 
The exact molecular mechanism by which E2 affects 
the development of breast cancer has not yet been fully 
understood. Extensive experimental evidences support 
that E2 is able to stimulate cell proliferation through 
ERα and initiate mutation due to errors that occurred 
during DNA replication [33,34]. Under continued 
influence of E2, cells with acquired mutations are 
further expanded until sufficient for oncogenic 
transformation to take place [30,33,34]. In addition, Wei 
Yue et al. had demonstrated that E2 can also affect 
breast carcinoma formation independent of ER 
functionality via its metabolites. During metabolism, 
estrogens undergo hydroxylation at 2-, 4- and 16α-
positions. 2-OH-E2 and 4-OH-E2 can cause DNA 
damage via oxygen free radicals generated by redox 
cycling [34]. 

4.2. Growth Factor Signaling Pathway 

The epidermal growth factor (EGF) family of ligands 
and receptors has received experimental support for 
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their pathological overexpression and functional 
relevance for breast cancer in vitro, in vivo and ongoing 
clinical trials. The insulin-like growth factor 1 (IGF-1) 
mainly regulates the biology of mammary gland and an 
elevation of serum IGF-1 levels are linked with a higher 
risk of breast cancers. The human epidermal growth 
factor family receptors (HER) are much more directly 
implicated in the pathophysiology of breast cancer. In 
pre-invasive and invasive breast cancers, the 
overexpression of the HER2 protein and amplification 
of the ERBB2 gene are commonly found [35]. The HER 
family receptors can activate several downstream 
signaling pathways which includes classic signal 
transduction of mitogen activated protein kinase 
(MAPK) / extracellular signaling regulating kinase 
(ERK) and phosphatidylinositol-3 kinase (PI-3K)/AKT 
pathways which promote cell proliferation and 
simultaneously inhibit apoptosis [35-37]. The proto-
oncogene AKT1 and tumor suppressor gene PTEN are 
also mutationally or epigenetically altered in breast 
cancers, activating those important signaling pathway 
[35]. Moreover, growth factors exert their main effects 
on the cell cycle and cell survival by regulating cyclin 
D1 and Bcl-2/BclXL respectively [37]. Overexpression 
of cyclin D1 may directly or indirectly result in 
maturation of tumour cells [38]. 

4.3. DNA Repair Pathways 

Human cells are continuously exposed to variety of 
stressors such as reactive oxygen species and ionizing 
radiations, inducing repairable and unrepairable DNA 
damage. Therefore, the damages lead to several 
pathways to eliminate DNA lesions and maintain 
genome stability and integrity; underlying cause for the 
development of variety of cancers, and breast cancer is 
no exception. Tumour suppressor genes are primarily 
involved in maintaining the DNA integrity. Therefore, it 
is involved in the progression of breast cancer at the 
familial level by germline transmission of mutated 
alleles as well as in the development of sporadic breast 
cancer through the somatic mutation at the tissue level. 
The BRCA1 and BRCA2 genes are accounted for most 
of familial breast cancers [35]. Nonetheless, BRCA1 
mutation or any abnormalities in other proteins that 
interact with BRCA1 to carry out DNA repair functions 
involving double strands breaks may be observed 
occasionally in some cases of breast cancer. Another 
classic tumour-suppressor gene p53 (TP53) is also 
frequently mutated in breast cancer. The loss-of-
function mutation in TP53 in one allele carries a 25- 
fold increased risk of developing malignancy includes 
breast cancer at early age, defining a very rare familial 

clustering of cancers known as Li–Fraumeni syndrome 
[35]. The Li–Fraumeni syndrome (LFS), is also known 
as sarcoma family syndrome of Li and Fraumeni, 
‘Sarcoma, breast, leukemia, and adrenal gland (SBLA) 
syndrome’, and SBLA syndrome. Characterization of 
cancer-causing genes and other genetic factors is of 
great important to identify cancer-prone individuals and 
contributes to the understanding of sporadic cancers. 

5. CLINICAL MANIFESTATIONS 

Symptoms of breast cancer are often noticed first, 
when the patient self-examine the breast tissue or the 
skin around the breast. The classical manifestation of 
breast tumour is the detection of a mass or a lump 
within the breast tissue or the underarm, which may or 
may not be painful [39-41]. Other clinical 
manifestations are nipple retraction or nipple discharge, 
breast asymmetry, including swelling or thickening of 
whole or part of the breast, breast size or breast shape 
changes may also be one of the symptoms of breast 
cancer in case of nonpalpable lumps [9,39,41-43]. 
Other possible symptoms of breast cancer include skin 
changes around the breast area such as scaly or flaky 
skin, skin redness, warmth, irritation or dimpling 
[9,11,41-43]. In case of metastatic breast cancer, 
symptoms such as weight loss, jaundice and fatigue 
may also be present [2]. Symptoms of breast cancer 
may vary between individuals, some with easily 
identified breast or skin changes whereas some having 
no detectable symptoms at all. Some of the symptoms 
may also manifest due to normal physiological changes 
such as menstruation or hormonal changes [42,43]. 
Hence, any breast changes or symptoms detected 
should be reported to the physician and further 
examination with mammograms, ultrasound or other 
methods will be required to determine the precise 
location and extent of the tumour [40]. 

6. DIAGNOSIS OF BREAST CANCER AND 
PATHOLOGY 

Physical examination is the primary test should be 
done to inspect any abnormality of tissues or skin 
changes around the breast area. Patient can either 
perform breast self-exam or consult a physician for 
clinical breast exams. The procedures are done by 
positioning patients sitting upright or in supine position 
to inspect any breast size changes, nipple retraction, 
skin changes, dimpling or peau d’ orange (orange peel 
skin) [23,44]. Palpation and examining part of the 
breast tissue and underarm is important to detect any 
lump or hard mass, usually found solitarily and 
unilaterally [44,45]. Nipple discharge is also can be 
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detected by gently squeezing the nipple [44]. 
Radiological imaging is a pivotal in the screening and 
diagnosis of breast cancer. Mammography is a 
specialised x-ray screening optimised for breast cancer 
detection, capable of producing high resolution images 
of the breast [45]. Mammography is the most widely 
used imaging test and remains the mainstay to identify 
breast cancer, with more than 90% of the tumours 
identified through mammography [23,44]. Screening 
mammography can help in identifying and staging 
breast tumours to allow more appropriate conservative 
local therapy [46]. According to a review by American 
Cancer Society (ACS), a 30% reduction in breast 
cancer mortality rate was noticed among women 50 
years old or above that had undergone mammography 
screening. Diagnostic mammography such as 
mammography film digitisation, positron emission 
tomography (PET), magnetic resonance imaging 
(MRI), or computed tomography (CT) scanning are 
more sensitive but less specific and does not offer 
much higher reduction in mortality [46]. Hence, 
advanced diagnostic test is not recommended for 
routine screening of breast tumours in women with 
standard risk. However, more sensitive screening 
techniques are recommended in women with genetic 
risk, such as BRCA1 or BRCA2 carriers, with breast 
implants or with strong family history of breast cancer 
as the incidence of cancer is higher within these 
subgroup of patients [2,46]. 

Ultrasonography is also used for breast imaging 
purposes, which is indicated in women aged 30 years 
or below with palpable lump in the breast [11,46]. 
Ultrasonography is very effective in differentiating 
between cystic and solid lumps, however it is less 
effective for the detection of lumps deep into the 
tissues [45]. Tomosynthesis, also known as 3-D 
mammography, is a new yet promising diagnostic 
technique for breast cancer, capturing multiple layers of 
breast in a single process [41,45]. This technique may 
improve the sensitivity of mammogram and it is 
currently under evaluation for its performance in 
improving patient’s prognosis [45]. Apart from imaging 
facilities, breast cancer also can be diagnosed by 
tissue sampling through fine needle biopsy, core 
needle biopsy and excisional biopsy. It is the only 
definitive diagnostic procedure in identifying the 
presence of breast cancer through histologic analysis 
[21]. For the identification of solid lumps, fine-needle 
aspiration (FNA) or core biopsy can be used to extract 
tissue samples for cytology [39,44]. As for non-palpable 
lump, collection of tissue sample using FNA requires 
stereotactic or ultrasound guidance. Excisional biopsy 

is done only if needle biopsy fails to show conclusive 
results [41,44]. 

7. MANAGEMENT 

Even though, only few drugs (Olaparib, Talazoparib, 
and Ribociclib) were approved by the US-FDA during 
the search period of April 2015 to March 2019 for the 
treatment of HER2-negative breast cancer, it is 
essential to discuss the available conventional drugs 
for the treatment of breast cancer. Hence, the following 
sections will briefly discuss all the drugs that are 
available for the treatment of HER2-negative breast 
cancer. 

The paradigm of treating breast cancer has 
changed evolutionally over the last decades; targeted 
therapies have improved patient outcomes 
tremendously. Conventional treatments such as 
surgery, radiotherapy and systemic therapy has 
emerged into new era, comparing where surgery alone 
can tackle the tumour. The main challenge faced 
particularly in treating metastatic breast cancer, despite 
advanced systemic therapies, the disease remains 
incurable. Even though multiple targeted drugs are 
being introduced, the tumour becoming aggressive 
invades these agents especially when there is lack in 
biologic process. Metastatic cancer requires systemic 
therapy as the principal therapeutic modality includes 
chemotherapy, hormonal therapy, targeted therapy and 
immunotherapy [47]. Generally, the management of 
metastatic breast cancer is determined based on the 
extent and characteristics of the tumour [48]. 

Over the years, surgery modality has become less 
invasive techniques and advanced tremendously to 
provide cosmetic appearance in breast conservation 
and reconstruction for women requires mastectomy. 
Hence, surgeons remain as crucial members of the 
multi-disciplinary team in the mainstay treatment of 
breast cancer. The types of breast surgery based on 
the location, site, infiltration of tumour, which, 
depending on the situation, serve different purposes in 
treating the cancer. For instance, surgical intervention 
is possible to fully remove cancer cells or to relieve the 
symptoms of an advanced cancer. There are two types 
of surgery that can be done to treat breast cancer. 
Breast-conserving surgery, where only a small portion 
of the breast that contains cancer is removed and 
mastectomy, removal of the whole breast including the 
breast tissues [48,49]. Although advanced breast 
cancer that has metastasised is unlikely to be treated 
through surgery, it can still be useful in treating the 
symptoms and slowing down the spread of the cancer 
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[49]. Radiotherapy, another treatment modality for 
breast cancer and plays a vital role in maximising local 
disease control by enabling breast conservation and 
increase better survival. The therapy is a highly 
targeted and effective way in destroying undetectable 
and reducing chances of recurrence of cancer cells by 
using high energy rays after surgery. Radiotherapy is 
usually started three to four weeks after a surgery and 
is usually done at a radiation centre [50]. 

7.1. Pharmacological Management 

There are different groups of drugs used in the 
treatment of breast cancer, including antimetabolites, 
microtubules inhibitors, topoisomerase inhibitors, 
alkylating agents, hormone therapy and targeted drug 
therapy. These drugs are further discussed below in 
detail. 

7.1.1. Antimetabolites 

The antimetabolites are a group of anticancer 
agents, having similar structure with purines or 
pyrimidines within the cell but differs enough to 
interfere with their metabolism [51]. Antimetabolites will 
be converted into analogue of cellular nucleotides by 
enzyme pathway in the cells, which inhibit the enzymes 
that are essential for nucleic acid synthesis. As nucleic 
acid synthesis is affected, the growth of breast cancer 
cells is inhibited [52]. There are three types of 
antimetabolites anticancer agents, which are folic acid 
antagonist, pyrimidine antagonist and purine 
antagonist. In normal cells, folic acid is essential for 
deoxyribonucleic acid (DNA) formation. It will be 
reduced to tetrahydrofolate in the presence of 
dihydrofolate reductase enzyme, in order to be active 
for purine and thymidylate synthesis. Methotrexate is 
the folic acid antagonist used in breast cancer 
chemotherapy [53]. It acts as a competitive inhibitor of 
folate with three mechanism of actions, which are to 
inhibit dihydrofolate reductase, inhibit thymidylate and 
alter the transport of tetrahydrofolate [53,54]. 
Therefore, the formation of DNA, ribonucleic acid 
(RNA) and proteins are inhibited [53]. As actively 
proliferating tissues are more sensitive toward 
methotrexate in S-phase of cell cycle, it may impair the 
malignant growth of cancer tissues without causing 
damage to normal tissues [53,55]. 5-fluorouracil (5-FU), 
capecitabine and gemcitabine are the examples of 
anticancer agents under pyrimidine antagonists’ 
analogue. They are nucleoside inhibitors whereby their 
metabolites will be incorporated into RNA and DNA. 
The alteration in RNA translation and DNA transcription 
will then induce cancer cell deaths [56]. There is no 

anticancer agent under purine antagonist class, 
however, that can be used to treat breast cancer. 

7.1.2. Microtubules Inhibitor 

Microtubules inhibitor are class of drugs inhibit the 
function of cellular microtubules which are key 
elements of the cell cytoskeleton composed of 
polymers of tubulin. These microtubules are engaged 
in cellular processes and it has critical role in mitosis 
that makes them targets for cancer therapy. It can be 
classified into two types, which are microtubules 
stabilizers and microtubules destabilizers. Microtubules 
stabilizers will induce microtubule polymerization to 
promote nucleation and elongation under 
polymerization phase reaction. This will lead to over-
polymerization of inappropriately stable, non-functional 
microtubules at which depolarization is inhibited. 
Inhibiting depolarization will cause inhibition of cell 
division and lead to tumour cell death. Paclitaxel, 
Docetaxel and Ixabepilone are the examples of taxane 
plant alkaloids with microtubules stabilizers activity for 
treating breast cancer [57]. 

In contrast, microtubules destabilizers will inhibit 
polymerization by binding to tubulin directly with high 
affinity. It will bind to the β-subunit near the guanosine 
triphosphate (GTP)-binding site on tubulin. This binding 
alters the conformation of the tubule dimers and inhibits 
guanosine diphosphate (GDP)-GTP exchange. This will 
lead to inhibitions of assembly of microtubules and 
interferes with spindle fibers formation. The cells will be 
arrested at prometaphase and thus induce apoptosis of 
cancer cells. The examples of microtubules 
destabilizers for breast cancer chemotherapy are 
Vinblastine sulfate, Vincristine sulfate, Vindesine 
sulfate and Vinorelbine [57]. 

7.1.3. Topoisomerase Inhibitors 

Human DNA topoisomerase enzyme has various 
important roles for the human cells especially in the 
aspect of DNA manipulation. This includes the 
replication and transcription of DNA as well as 
catenating and disentangling of linear and circular DNA 
[58,59]. These broad roles of topoisomerase in 
maintaining DNA topology allow it to become a suitable 
target for a wide range of cancer chemotherapeutic 
agents. In the management of cancer, inhibition of 
topoisomerase enzyme is a crucial mechanism. The 
anthracycline agent is the first-class topoisomerase 
inhibitor used as chemotherapeutic agents in treating 
cancer [58,60]. Clinically marketed anthracycline 
derivatives that are widely used in breast cancer 
treatment includes Epirubicin and Doxorubicin. These 
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anthracycline agents predominantly affect type IIa 
topoisomerases which fits itself into a cleaved and 
bound DNA, forming topoisomerase complex and 
prevents the re-ligation of DNA. The formation of 
“cleavage complex” subsequently prevents the turnover 
of the enzyme and increases the cytotoxic cleavage 
complex level in the cancer cells [60]. Furthermore, 
anthracyclines are also known to induce cell death by 
producing free radical species [58,60,61]. However, 
this mechanism also caused the agent to be 
responsible in certain additional toxicity such as 
cardiotoxicity. Apoptosis of the cardiac muscle cells 
can occur as the production of hydrogen peroxide and 
superoxide anions induce oxidative stress in the cells 
[61]. Hence, this can further lead to acute and chronic 
cardiac complications. 

7.1.4. Alkylating Agents 

Alkylating agents are cell-cycle nonspecific 
antineoplastic drugs [62]. They interact with DNA, RNA 
and proteins through alkylation by forming covalent 
bonds that will impair the functionality of cells. Among 
all targets, binding to DNA irreversibly is the most 
crucial cytotoxic reaction to tumour cell as it interrupts 
the cell replication and DNA synthesis [47]. These 
agents will form a highly reactive intermediates, 
carbonium ion which is an electrophile that interacts 
with the nucleophilic sites on target DNA molecules 
[62]. Nitrogen mustards are a class of alkylating agents 
that forms N-alkylaziridinium ions [58]. They induce 
DNA adducts formation, exert anti-replicative effects 
and apoptosis [63,64]. Examples of compounds under 
this class include Cyclophosphamide, Ifosfamide, 
Melphalan, Mechlorethamine, Chlorambucil, 
Estramustine and Bendamustine. Other categories of 
alkylating agents include alkyl sulfonates (Busulfan and 
Treosulfan), nitrosoureas (Lomustine, Carmustine and 
Streptozocin), ethylenimines (Thiotepa and 
Altretamine), triazines (Dacarbazine), tetrazines 
(Temozolomide) [62,64,65]. Cisplatin, Carboplatin and 
Oxaliplatin belong to platinum agent category of 
alkylating agents and have been approved for the use 
in treating advanced breast cancer [47,66]. They act as 
a DNA crosslinking agent within the intra- and inter-
strand DNA, and the adducts of DNA-platinum impede 
the transcription and replication of DNA [66,67]. 
However, dose dependent bone marrow toxicity and 
gastrointestinal toxicity are the major toxic effects of 
most alkylating agents [62]. 

7.1.5. Hormone or Endocrine Therapy 

Hormone or endocrine therapy is crucial when 
breast cancer patients show positive for either 

oestrogen receptor-positive, progesterone receptor-
positive or both [68-71]. Estrogen and progesterone are 
hormones bind to specific receptor found in breast 
cancer cells, further stimulating the growth of 
neoplastic cells [69]. There are several mechanisms 
that have been proposed such as impeding the function 
of ovary, blocking the formation of oestrogen and 
preventing the action of oestrogen on breast cancer 
cells [48,70,71]. Oophorectomy (ovariectomy) or 
luteinizing hormone-releasing hormone (LH-RH) 
analogues work by inhibiting the ovarian function 
[48,70,71]. Examples of LH-RH agonist approved by 
FDA are goserelin, leuprolide and triptorelin [70]. 
Aromatase inhibitor (AI) blocks the enzyme aromatase 
and eventually prohibits the production of oestrogen. AI 
are highly effective in postmenopausal women with 
advanced breast cancer as aromatase enzyme plays a 
vital role in oestrogen production and also has 
demonstrated efficacy in the treatment [48,71]. 
Currently, the drugs that are available under this 
category are anastrozole, letrozole and exemestane 
[48,70,71]. Selective oestrogen receptor modulator 
(SERM) as with selective oestrogen receptor degrader 
(SERD) interrupt the ability of oestrogen to function 
upon tumour cells [48]. SERM acts as oestrogen 
agonist, oestrogen antagonist or both while SERD only 
serves as oestrogen antagonist. Tamoxifen, raloxifene 
and toremifene are example of SERM drugs that are 
approved by FDA. The common side effects for these 
medications are hot flashes, mood changes and 
vaginal dryness [50]. Fulvestrant is the only SERD drug 
approved by FDA which is indicated only if other 
hormonal drugs are not effective anymore [48]. Among 
the drugs, tamoxifen is the only active adjuvant or 
additional endocrine therapy in pre- and 
postmenopausal patients [72]. 

7.1.6. Targeted Drug Therapy 

The greater understanding of cell signaling systems 
and progress of research in molecular biology, has 
emerged array of potential targets of therapy for breast 
cancer which is directed to specific differential growth 
processes; in addition to conventional chemotherapy. 
Moreover, these therapy uses pharmacological agents 
to inhibit growth, increase cell death and restrict the 
spread of cancer. This therapy mostly does not harm 
normal cells and exhibits less severe side effects when 
compared to chemotherapy [50]. Targeted therapy 
works mainly by blocking specific protein or enzyme 
that are accountable for the proliferation of cancer 
cells. For instance, trastuzumab, a monoclonal 
antibody that is widely used to treat breast cancer 
works by binding itself to the extracellular domain IV of 
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human epidermal growth factor receptor 2 (HER2) [73]. 
Trastuzumab will bind to the receptors and inhibit the 
intracellular signal that involves in the growth, anti-
apoptosis, proliferation, as well as angiogenesis of 
cancer cells [74]. Other than that, lapatinib is also 
commonly used as a targeted therapy in breast cancer. 
It inhibits the phosphorylation of the HER1 and HER2 
tyrosine kinase receptors by specifically bind to them 
and thus blocking the proliferation pathway of the 
breast carcinoma [74]. Possible side effects of targeted 
therapy include weakness, diarrhoea, rashes, nausea, 
and vomiting but they are not as severe as 
chemotherapy. Moreover, these minor side effects 
normally will become less severe after the first 
treatment [73,74]. 

7.1.7. Newer Drugs in Breast Cancer Treatment 

During this review period, there were three drugs 
namely Olaparib, Talazoparib, and Ribociclib were 
approved for the treatment of HER2-negative breast 
cancer. 

Olaparib is a new and the first drug approved by 
Food and Drug Administration (FDA) in year 2018 for 
germline BRCA-mutated, HER2-negative metastatic 
breast cancer treatment [75]. It is a poly (adenosine 
diphosphate-ribose) polymerase (PARP) inhibitor 
[75,76]. When DNA damage occurs, the PARP enzyme 
will be activated, and it helps to repair DNA through 
single-strand breaking and base excision repair [76]. 
Hence, in tumour cell, PARP enzyme plays a role in 
maintaining DNA integrity, error-repairing as well as its 
survival. Suppressing the enzyme will stall the 
replication forks and accumulate double-strand breaks 
which will be highly cytotoxic when not corrected. Since 
BRCA-mutated cells are not capable in performing 
homologous repair, the inhibition of PARP enzyme will 
lead to genomic instability and ultimately causes 
apoptosis of the cells [76, 77]. Therefore, olaparib acts 
as PARP inhibitor in promoting tumour cell deaths. 

Talazoparib is also a PARP inhibitor for the 
treatment of breast cancer approved in year 2018 by 
FDA. Therefore, it is indicated specifically for patients 
with mutation of BRCA-germline (gBRCAm), HER2-
negative advanced breast cancer either locally 
advanced or metastatic [78]. In EMBRACA randomized 
phase 3 open trial, talazoparib shown to be significantly 
superior than standard chemotherapy (capecitabine, 
eribulin, gemcitabine, or vinorelbine) in terms of 
progression-free survival (PFS) for 3 months in 
advanced breast cancer patients and mutation in 
germline BRCA1/2, [79]. Some common side effects 

associated with Talazoparib are fatigue, nausea and 
anaemia [80]. 

Ribociclib with combination of aromatase inhibitor 
was approved by FDA in 2017 for treating metastatic 
breast cancer. In normal cell cycle, the passage of G1 
checkpoint is through cyclin D- cyclin-dependent kinase 
(CDK) 4/6- p16- retinoblastoma (Rb) pathway. During 
mitosis, the level of cyclin D increases and activates 
CDK 4/6. The activated CDK4/6 will cause 
phosphorylation in Rb protein which initially bounded 
with E2 Factor (E2F). The phosphorylation of Rb 
protein leads to bond breaking, releasing of free E2F 
which is necessary for transcription during cell 
proliferation. In cancer cells, cyclin D-CDK 4/6-p16- Rb 
pathway is often disrupted causing abnormal cell 
proliferation. To reduce cancer cell proliferation, 
ribociclib acts as selective CDK4 and CDK6 inhibitor to 
block cell cycle progression without inhibiting S-phase 
activity [81-83]. The combination of ribociclib with 
letrozole (nonsteroidal aromatase inhibitors) serves as 
the first line pharmacological treatment for HR+ and 
human epidermal growth factor receptor 2-negative 
(HER2-) advanced breast cancer. 

When comparing the efficacy of all three new drugs 
that recently approved by US-FDA for the treatment of 
HER2-negative breast cancer, Olaparib has a potential 
to extend the median progression-free survival (PFS) of 
2.8 months with 42% lower risk of death, but 
Talazoparib can extend the median PFS up to 8.6 
months with 46% lower risk of death and the platinum-
free regimen can extend between 4 months and 5.6 
months PFS. However, the Ribociclib can extend the 
PFS up to 20.5 months when given in combination with 
fulvestrant. 

All these drugs have similar safety profile in causing 
gastrointestinal side effects. However, except Olaparib, 
all other drugs have high potential to cause 
pancytopenia, alopecia to extensive level in addition to 
gastrointestinal, urinary tract and neurological 
complications. The outcome, safety and efficacy of the 
newer drugs are presented in Table 2. 

7.2. Non-Pharmacology Management 

Non-pharmacology management is an essential 
adjuvant to pharmacology treatment in patients 
suffering from cancer pain. Most of the patients will 
experience cancer pain because of tissue damage and 
stimulation of nerves by inflammatory mediators 
produced by tumours, side effects of surgery or 
radiotherapy, and musculoskeletal pain from inactivity. 
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Table 2: Efficacy and Safety of the Newer Drugs in HER2-Negative Breast Cancer Treatment 

Newer drugs 
for breast 

cancer 
treatment 

Author 
name(s), 

year, 
reference 
number 

Study aim and objectives, 
population involved in this 

study 

Efficacy Safety 

Olaparib Mark 
Robson, et 
al. (2017) 

[77]. 

It is a randomised, phase 3 
and open-label trial comparing 
the monotherapy of olaparib 
with standard therapies that 

consist of capecitabine, 
eribulin, or vinorelbine in 

germline BRCA mutation and 
HER2–negative metastatic 

breast cancer patients. 

Patients with Olaparib monotherapy 
have median progression-free 

survival of 2.8 months longer and 
has 42% lower risk of death or 

disease progression when 
compared to standard therapy (95% 

CI, 0.43 to 0.80; P<0.001). 

Patients in the Olaparib group experienced 
more often side effects of nausea, headache, 

fatigue, vomiting, anaemia, and cough. 
However, patients in the standard therapy 
group were observed to experience more 

frequent palmar-plantar erythrodysesthesia, 
neutropenia, and elevated liver function 

enzyme. 

Talazoparib Litton JK, 
et al. 

(2018) [79]. 

The trial displayed the 
comparison between 

talazoparib with standard 
single-agent therapy 

(capecitabine, gemcitabine, 
vinorelbine or eribulin) in 

advanced breast cancer and 
BRCA1/2 germline mutation 

patients.  

The outcome measure, progression-
free survival was significantly 

extended in talazoparib group with 
8.6 months as compared to 

standard therapy group, 5.6 months. 
The risk of disease progression or 

death was 46% lower (95% CI, 0.41 
to 0.71; P<0.001) in talazoparib 
group as compared to standard 

therapy. 

Common adverse events included fatigue 
(62%), anaemia (53%), nausea (49%), 
neutropenia (35%), headache (33%), 

thrombocytopenia (27%), alopecia (25%), 
vomiting (25%), diarrhoea (22%) and 

suppressed appetite (21%) [75]. 

 Nicholas 
CT, et al. 

(2018) [81]. 

The study aimed to evaluate 
the talazoparib activity in 

patients with advanced breast 
cancer (aBC) and germline 

BRCA1/2 mutation after 
platinum or cytotoxic non-

platinum therapy. 

The primary efficacy endpoint, 
objective response rate (ORR) in 

patients with prior platinum therapy 
(cohort 1) was 21% and 37% in 
platinum-free cytotoxic regimens 

(cohort 2). Median progression-free 
survival was 4.0 months in cohort 1 
and 5.6 months in cohort 2 shown 
that platinum-free regimen has a 
higher efficacy with talazoparib. 

The major all-grade adverse events of 
talazoparib included fatigue (60%), anaemia 

(50%), thrombocytopenia (48%), nausea 
(42%) and diarrhoea (35%) in patient with 
prior platinum therapy meanwhile anaemia 
(57%), neutropenia (46%), nausea (43%) 

and thrombocytopenia (34%) in patients with 
prior platinum-free regimen. 

Ribociclib  Tripathy D, 
et al. 

(2017) [82]. 

The study investigates the 
difference of the progression-

free survival rate between 
ribociclib and placebo in HR+ 

advanced breast cancer 
patients. The population 

involved were 668 subjects 
with HR+ advanced breast 

cancer. 

Patients were randomised to be 
given combination of ribociclib and 
letrozole or combination of placebo 
and letrozole. In first-line setting, 

patient with ribociclib showed 
significant increased progression-

free survival rate (PFS) compared to 
placebo, with hazard ratio=0.56. 
After 12 months, the PFS rate in 
patient treated with ribociclib was 

72.8% compared to 60.9% in patient 
treated with placebo. 

The adverse effects of ribociclib included 
neutropenia (75%), leukopenia (33%), 

decreased platelet count (29%), anaemia 
(18%), nausea (52%), diarrhoea (35%), 

vomiting (29%), constipation (25%), 
abdominal pain (11%), peripheral oedema 

(12%), fatigue (37%), headache (22%), 
insomnia (12%), alopecia (33%), skin rash 
(17%, pruritus (14%), increased serum ALT 

(46%), increased serum ADT (44%), 
decreased serum potassium (11%), urinary 

tract infection (11%), abnormal hepatic 
function tests (18%), back pain (20%), 

dyspnoea (12%), fever (13%), syncope (3%), 
prolonged QT interval on ECG (<3%) and 

increased serum bilirubin (1%) [78]. 

 Dennis JS, 
et al. 

(2018) [84]. 

The study evaluates the effect 
and progression-free survival 

of ribociclib in combination 
with fulvestrant compared to 

placebo plus fulvestrant. 
Under randomisation, 484 
postmenopausal women 
received combination of 

ribociclib and fulvestrant, 242 
were given combination of 
placebo and fulvestrant. 

The median progression-free 
survival was 20.5 months in subject 
treated with combination of ribociclib 

and fulvestrant compared to 12.8 
months in subjects treated with 

combination of placebo and 
fulvestrant with hazard ratio of 

0.577. 

 

 

Rehabilitative treatment or application of heat or cold 
therapy is recommended to reduce postoperative 

cancer pain [83,84]. In addition, to strengthen patient’s 
motion ability and to reduce muscle tension, 
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therapeutic exercise and massaging are the good 
options. Exercise will enhance patient’s immunity as 
well as better control of mood as negative mood will 
intensify the pain [85,86]. Besides, patients can 
undergo cognitive behaviour therapy, which is a 
psychotherapeutic treatment that aimed to change the 
patient’s emotion by changing their thoughts and 
behaviours [87] and to alleviate cancer pain. Hence, by 
tracking and changing the emotions and behaviours 
which intensified the cancer pain, it can improve 
patient’s control over pain and thereby reduces the 
exacerbation of cancer pain [86]. As fatigue, 
depression, nausea, vomiting, hot flushes and anorexia 
are the side effects from breast cancer treatment, 
acupuncture may be useful in alleviate these side 
effects [85]. Research explained that acupuncture 
works by stimulating nerves and releasing endorphins 
in nervous system, thus relieve pain. It also stimulates 
the release of serotonin which give patients a feeling of 
well-being and reduce the symptoms associated with 
cancer therapy [86]. 

8. CONCLUSION 

The treatment for HER2-negative breast cancer has 
various approach as the treatment depends on the 
severity and types of the breast cancer. Upon 
comparing the safety and efficacy of all new drugs that 
approved by US-FDA, the Talazoparib was considered 
as effective in HER2-negative breast cancer to 
increase the PFS rate, and Olaparib was considered as 
safe as it has fewer side effects compared to other 
drugs that approved in the same period. The 
combination of pharmacological and non-
pharmacological treatments is both essential and works 
as partner in managing breast cancer in order to 
improve the prognosis of the patient and their quality of 
life.  
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