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Abstract

Breast cancer accounts for the highest morbidity and mortality 
incidence among women globally. Despite advancements in 
technology, the mortality and mobility incidence of cancer 
patients have not yet declined. Several targets and inhibitors 
were discovered for the treatment of luminal, HER2 positive 
and triple-negative breast cancer. However, satisfactory 
treatment remains a challenge yet due to drug resistance and 
heterogeneity of these cancers. In this review, we describe the 
pathology, potential targets, and inhibitors developed to treat 
breast cancer. In addition, we briefly discuss the important 
scaffolds used in drug design for the development of inhibitors 
against potential targets of cancer. There is an evolving 
paradigm shift in oncology that focuses on molecularly 
targeted strategies for cancer treatment. For this, the current 
review highlights important drug targets to prevent cancer 
growth.
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negative; targets; inhibitors
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Introduction

Cancer research has been the topic of concern discussion among 
scientists from several decades. It involves an array of dynamic 
changes in the genome that arise through mutations that 
transform normal tissues into malignant tumours [1]. Cancer 
is the second most death-causing disease among human beings 
affecting globally after cardiovascular diseases. Approximately 
10 million deaths and 19.3 million new cases of cancer were 
reported in 2020 globally. Female breast cancer was reported as 
one of the most commonly diagnosed cancer and recording of 
2.3 million new cases, followed by lung cancer. The overall global 
burden due to cancer is expected to be 28.4 million cases in 2040 
[2]. Around 1,918,030 new cancer cases and 609,360 cancer 
deaths are expected to occur in United States in the year 2022. It 
is estimated that approximately 350 deaths could take place per 
day due to lung cancer in 2022 in United States alone [3].  Risk 
factors associated with the distribution of population growth, 
ageing, and socio-economic development reflects elevated cancer 
incidence and mortality rate globally among human beings. 
Environmental factors and lifestyle have adverse side-effects in 
the causation of cancer development and progression [45]. 

As the breast cancer accounts for the highest morbidity and 
mortality incidence among women globally [6], there are 
numerous associated risk factors which increase the probability 
of breast cancer, such as ageing, estrogen, family history, alcohol, 
sex, obesity, hormone replacement therapy during menopause, 
higher levels of estrogens, early age at first menstruation, and 
old age gene mutations, ionizing radiation, unhealthy lifestyle, 
endocrine factors, early age at first menstruation, old age and 
prolonged tobacco smoking [7]. Apart from these risk factors, 
many genetic factors are liable for causing breast cancer. 
Mutations and abnormal amplification in oncogenes and anti-
oncogenes play vital roles in tumor initiation and progression [8]. 
BRCA1 and BRCA2 are anti-oncogenes located on chromosome 
17q21 and 13q12, respectively [9]. They are responsible for 5-10% 
breast cancers among 20-25% of hereditary breast cancers [10]. 
Both these genes participate in DNA repair and transcriptional 
regulation during DNA damage. Therefore, deficiencies of 
BRCA1 or BRCA2 functions ultimately result in increased 
genetic alterations and the development of cancer [11]. 

In addition, Human epidermal growth factor receptor 2 (HER2) 
oncogenes located on chromosome 17q12 plays a significant 
role in cell proliferation and division that is observed in breast 
cells12. HER2 is mediated by crucial signalling pathways such 
as the mitogen-activated protein kinase (MAPK) pathway and 
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phosphatidylinositol 3-kinase (PI3K) pathway. HER2 gene 
amplification and protein overexpression ultimately lead to 
malignant transformation by PTEN/Akt/mTORC1 signalling 
[13,14]. Further, epidermal growth factor receptor (EGFR) is also 
located on chromosome 7p12 and stimulates cell proliferation, 
invasion, angiogenesis and protects against apoptosis by crucial 
signalling pathways, which include Ras-Raf-MAPK, PI3K, and 
JNK [15,16].  Overexpression of EGFR leads to approximately 
half cases of inflammatory breast cancers (IBC) and triple-
negative breast cancers (TNBC) [17].

c-Myc is located on chromosome 8q24 and plays a crucial role 
in tumor initiation and progression. c-Myc over-expression is 
generally seen in the high-grade, invasive breast cancer stage 
[18]. Over-expression of H-ras gene is identified in primary 
and advanced breast cancer and signifies poor prognosis [19]. 
Modifications or mutations in the gene p53, a tumor suppressor 
gene localized on chromosome 17p13.1, eventually initiate 
deleterious effects in many cell based events such as cell-cycle 
arrest, DNA damage repair, and chromatin re-modeling, and 
apoptosis [20].

Pathogenesis

Breast cancer is usually adenocarcinoma that develops from 
hyper-proliferation in the cell lining of milk duct, which then 
proliferates into benign or metastatic tumors after repetitive 
stimulation by numerous carcinogenic factors. Tumor 
microenvironments that include macrophages and stromal 
influences have a crucial role in aiding breast cancer initiation and 
progression. Animal model studies have showed that repetitive 
exposure of carcinogens to stroma results in metastatic growth of 
mammary glands in mice [21]. Infiltration of macrophages creates 
a mutagenic inflammatory microenvironment and stimulates 
angiogenesis. Macrophages also suppress the immunity and play 
significant role in the promotion of cell migration and invasion 
[22]. Different DNA methylation patterns have been observed 
between the normal and tumor-associated microenvironments, 
suggesting that the tumor microenvironment produced through 
epigenetic modifications can aid in promoting carcinogenesis 
[23]. It has been observed variation patterns in DNA methylation 
at CpG sites in specific and invasive cancers, indicating epigenetic 
changes ultimately lead to carcinogenesis [24]. 

Recently, cancer stem cells (CSCs) were discovered that arise 
from stem cells or progenitor cells in normal or healthy tissues 
and are associated with tumor initiation, progression, escape, 
and recurrence. Moreover, they can undergo self-renewal, show 
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pluripotency, and resistance to conventional modes of treatments 
such as chemo- and radiotherapy [25,26]. Breast cancer stem cells 
(bCSCs) are currently treated as one of the significant targets in 
breast cancer treatment. Many development pathways such as 
Wnt/β-catenin Notch, Shh (sonic hedgehog), BMP/TGF-β (bone 
morphogenetic proteins/transforming growth factor β), PI3K, 
p53, and HIF (Hypoxia-inducible factor) are involved in self-
renewal, proliferation differentiation, and invasion processes of 
bCSCs [27].

Classification and treatment regimens 

Breast cancer can be broadly classified into four significant 
subtypes, which include luminal A, luminal B, HER2 positive, 
and triple-negative. Luminal breast cancer is primarily positive 
for hormone receptor (HR), which can be either estrogen receptor 
(ER) or progesterone receptor (PR). Luminal subgroup A (HR+/
HER2−) is comparatively slow-growing and less aggressive than 
luminal subgroup B (HR+/HER2+) with low prognosis rate 
and marked by high expression of Ki67 (a proliferation marker) 
or HER2 [28].  Luminal A is the most common type of breast 
cancer that can be ER+ and/or PR+/HER2 in nature. 

Luminal B accounts for approximately 10% of all breast cancers 
and is characterized by ER+ and/or PR+/HER2+ status. Breast 
cancer subtype having negative ER, PR, and HER2 status are 
termed as “triple negative” breast cancers that is prevalent in 
pre-menopausal, younger and overweight female population. 
The HER2 positive breast cancer characterized with HER2+/
ER−/PR− status is less common but having treated as high-
grade tumor with poor clinical outcomes [29]. Heterogeneity 
of breast cancer is the most challenging aspect for determining 
the therapeutics options [30]. Targeted therapies or molecular 

targeted therapy is a type of cancer treatment that interferes with 
specific targeted molecules involved in cancer cell growth and 
survival [31]. Many promising anticancer drug targets have been 
reviewed, including kinases, monoclonal antibodies, cancer stem 
cells, vascular targeting agents, and tubulin. Treatment options 
which are currently employed for different subtypes of breast 
cancers are described in this review.

Luminal breast cancer (HR+)

Luminal breast cancer comprises 60% of the total breast cancer 
incidences in the developed countries and the population 
rate appears to be increasing in premenopausal women [32]. 
Endocrine therapy (ET) acts as the mainstay for treating HR+ 
breast cancer patients in adjuvant and metastatic circumstances. 
Currently, several drugs are available in the market that are based 
on blocking the estrogen uptake like tamoxifen, or depleting 
estrogen level via oophorectomy, luteinizing hormone-releasing 
hormone analogs such as leuprolide and goserelin or aromatase 
inhibitors like anastrozole, exemestane and letrozole. [33] Other 
options include targeting the estrogen receptor by making use 
of selective estrogen receptor down-regulators like fulvestrant or 
through selective estrogen receptor modulators (Figure 1). 
Sequential administration of endocrine treatment is preferentially 
recommended until there is a necessity for rapid response or 
evidence of clinical resistance, while chemotherapy will be 
indicated [34]. Metastatic luminal breast cancer may sometimes 
develop resistance to these hormonal therapies, facilitated by 
either genomic modifications in the estrogen receptor or by up-
regulation of other signaling pathways. Thus, several strategies 
are used to develop novel agents aimed at reversing resistance to 
standard hormonal therapies [33].
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CDK4/6 inhibitors 

Cyclin-dependent kinases 4 and 6 (CDK4/6) are serine/threonine 
kinases consisting of a 300-aminoacid catalytic domain, which 
are usually inactive [35]. During S phase of DNA synthesis of 
cell progression, all the cells need cyclin subunit to activate the 
catalytic domain of CDKs. The D-type cyclin (cyclin D1, cyclin D2, 
and cyclin D3) work in association with CDK4/6, which mediates 
cells to progress through the G1 phase of the cell cycle. Activation 
of several upstream mitogenic pathways including PI3K-AKT-

mTOR, estradiol, and RAS-RAF-MEK-ERK enhances the cyclin 
D-dependent CDK4/6 activity [36]. CDK4/6 inhibitors work by 
blocking the downstream phosphorylation of retinoblastoma (Rb) 
by binding to the ATP–binding pocket of protein kinase. Thus, 
resulting in down-regulation of E2F-response genes which mediate 
G1-S arrest [37]. Moreover, these inhibitors are responsible for 
dephosphorylating the transcription factor FOXM1 (Forkhead 
box protein M1), thus inhibiting cell proliferation [37]. Palbociclib, 
abemaciclib, and ribociclib are orally bioavailable and highly 
selective inhibitors of CDK4/6 [38]  (Figure 2).

Figure 1: Some potent drugs used in the treatment of luminal breast cancer

Figure 2: Some potent and selective CDK4/6 inhibitors
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PI3K–Akt–mTOR pathway inhibitors

PI3K–Akt–mTOR (PAM) is a significant signalling pathway 
involved in cell proliferation, metabolism, survival, and motility 
[39]. Abnormal activation in the signalling pathway results in 
hormonal resistance [40]. This pathway has been observed to be 
activated in approximately 70% breast cancer, having PIK3CA 
and PTEN3 most frequently mutated or amplified oncogenes 
and tumor suppressor genes respectively [41, 42]. Combination 
therapies have been introduced to target both HR and PI3K/Akt/
mTOR pathways for effectively reversing hormonal resistance43. 
Different strategies used earlier for targeting the PAM signalling 
pathway revolve around the inhibition of upstream targets, 
including PI3K and Akt. Although dual inhibitors were developed 
for inhibiting both mTOR and PI3K, but these showed increased 
toxicity [43]. Buparlisib (a pan-class I PI3K inhibitor) has shown 
a significant effect in progression-free survival (PFS), especially 
in those that involve PIK3CA mutation [44]. 

The PI3K pathway involves a series of a complex system 
of interactions with various parallel cascades. Therefore, 
hindrance in its path indirectly leads to negative feedback 
whose consequence may result in the activation of additional 
compensatory signalling pathways including PTEN loss [45,46]. 
Since breast cancers have heterogeneous genomic architecture 
[47], they have multiple drivers in different pathways for causing 

the disease, such as, in some cells, PI3K-AKT has been observed 
for not being a dominant regulator of Mtor [48]. To overcome 
this problem, combinational therapies are being used both in 
the pre-clinical and clinical trials [49]. For example, for HR+/
HER2− early breast cancer patients, neoadjuvant treatment is 
used in combination with letrozole or anastrozole [50]. However 
administration of both pictilisib and taselisib were found to 
improve antitumor effects regardless of PIK3CA status [51]. 
Among several modifications with potential clinical significance, 
PIK3CA inhibitors used in combination with fulvestrant showed 
promising results at the expense of increased toxicity [51]. 
Recently, with the help of preclinical data it was found that PI3K 
inhibition may act synergistically with CDK 4/6 inhibition to 
overcome intrinsic and adaptive resistance mechanisms and 
reduce cell viability [52]. 

Rapamycin (sirolimus) exists as the first mTOR inhibitor and 
was employed as an immunosuppressant in transplant recipients 
[53]. Temsirolimus was subsequently developed and is approved 
for the treatment of renal cell carcinoma49. Everolimus is an 
oral mTOR inhibitor approved for HR-positive breast cancer 
in combination with exemestane after treatment failure with 
letrozole or anastrozole [54]. These agents are considered as 
“rapalogues” and work as allosteric inhibitors of mTORC1 [49] 
(Figure 3).
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HDAC inhibitors

In ER+ patients, histone deacetylation-mediated loss of ER 
expression results in hormonal resistance, which may be 
reversed by histone deacetylase (HDAC) inhibitors. These 
inhibitors upregulated the expression of ERα and aromatase and 

inhibit growth factor signalling pathways [55]. Both vorinostat 
and entinostat are used as second-line treatment for HR-positive 
breast cancer, and these show significant anticancer activity in 
combination with tamoxifen  and exemestane respectively as 
compared to tamoxifen/exemestane monotherapy56 (Figure 4).

Figure 3: Some potent PI3K–Akt–mTOR inhibitors

Figure 4: Some potent histone deacetylase inhibitors used in combination therapy
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Steroid sulfatase inhibitors

Steroid sulfatase is a key enzyme responsible for converting the 
inactive sulfate-conjugated steroids forms to the most active and 
estrogenic non-conjugated formats [57]. The expression level 
and the enzyme activity of steroid sulfatase were upregulated 
abnormally in ERα+ breast cancer [58]. Thus, the rationale for 
inhibiting steroid sulfate is essential for reducing estrogenic 
steroids that help in stimulating breast cancer growth and 
progression56. A novel steroid sulfatase inhibitor SR16157 has 
been evaluated for hormone-dependent breast cancer to inhibit 
steroid sulfatase and release specific ERα modulators59 (Figure 5).

Further, ado-trastuzumab emtansine is an antibody-drug 
conjugate with HER2 targeted anti-tumour properties and 
here the trastuzumab is incorporated with a maytansine 
derivate (DM1), which is a potent anti-mitotic agent and binds 
to microtubules for action [63]. Such type of agents allow the 
specific drug delivery movement intra-cellularly, targeting 
HER2-overexpressed cells, thus improving the therapeutic index 
efficiently and reducing normal tissue exposure [64]. Lapatinib, 
an oral tyrosine kinase inhibitor (TKI) that reversibly inhibits 
both HER2 and epidermal growth factor receptor (EGFR) is 
one of the recently developed molecules for breast cancer [56] 
(Figure 6). Currently, neoadjuvant treatment with a combination 
of anti-HER2 targeted therapy and chemotherapy is employed as 
a standard regimen for treating early-stage HER2 positive breast 
cancer.  In continuation of this, specific therapies are proceeded, 
such as surgery, radiotherapy, and additional HER2-targeted 
treatment65.

Although significant progress in the treatment of HER positive 
breast cancer resulted in an increased survival rate of patients, 
fewer patients are at substantial risk of reoccurrence of the 
disease. In concern of this, novel agents are being developed and 
evaluated rapidly [66]. 

PI3K/Akt/m TOR inhibitors 

To overcome the problem of trastuzumab resistance, which 
occurs due to abnormal activation of the pathway, a combination 
therapy of trastuzumab with PI3K/Akt/mTOR inhibitors is 
being reviewed [56]. For instance, combination of Pan-class 
I PI3K inhibitors pilaralisib and buparlisib, with trastuzumab 
[67] and the combination of lapatinib, or paclitaxel with 
trastuzumab antibody showed promising efficacy and safety in 
pretreated HER2 positive advanced breast cancer patients [68]. 
Akt inhibitors such as MK-2206 exhibit significant antitumor 

Figure 5: SR16157 one of the potent steroid sulfatase inhibitor

HER2 positive breast cancer

The insight study of tumor biology and HER2 signalling has led 
to the innovation of novel HER2-molecular targeted agents that 
along with anti-HER2 therapy beyond progression, leads to un-
preceded survival outcomes in advanced HER2 positive breast 
cancer patients [60]. The agents used for HER2 positive breast 
cancer are administered alone or in combination with standard 
chemotherapy. Trastuzumab is a humanized monoclonal 
antibody whose mechanism of action against the HER2 receptor 
has become a landmark for treating HER2 positive breast cancer 
patients61. Pertuzumab is a humanized monoclonal antibody 
binds to the extracellular domain II receptor, contradicting the 
trastuzumab binding site. It targets and blocks heterodimers 
HER2 and HER3 stimulating various intracellular signalling 
pathways responsible for cell proliferation and survival. The 
combination of pertuzumab with taxane and trastuzumab works 
more effectively than taxane and trastuzumab monotherapy 
with significant clinical benefits as first-line treatment in HER2 
positive breast cancer [61, 62]. 

Figure 6: Lapatinib one of the potent HER2 inhibitor
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activities when employed in combination with trastuzumab 
or paclitaxel and trastuzumab in pretreated HER2 positive 
advanced breast cancer patients [69, 70]. Combining mTOR 
inhibitor everolimus with vinorelbine and trastuzumab did not 
significantly improve clinical outcomes in pretreated HER2 
positive advanced breast cancer patients. Yet, these combinations 

revealed better anticancer activity than using trastuzumab alone 
in HER positive patients who are HR negative as well [71]. 
Contrary to this, the combination of two novel mTOR inhibitors 
sirolimus  and ridaforolimus with trastuzumab have shown 
promising anti-cancerous activity in refractory HER2 positive 
breast cancer [72,73] (Figure 7).
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Figure 7: Some potent and novel PI3K/Akt/mmTOR inhibitors used in combination therapy for HER2+ breast cancer

Multi-Targeting tyrosine kinase inhibitors (TKIs)

Neratinib (HKI-272) is one of the novel irreversible TKI of HER1/ 
HER2/HER4, which binds to intracellular kinase domain and 
forms a covalent complex. Moreover, treatment with neratinib 
after trastuzumab-based adjuvant therapy had shown significant 
efficacy in HER2 positive breast cancer [74] (Figure 8).

Figure 8: Neratinib is one of the novel and potent HER2 inhibitor

Monoclonal Antibodies

 Patritumab is an anti-HER3 monoclonal antibody, and preclinical 
data have shown promising antitumor activity by hindering the 
production of HER2/HER3 heterodimers. Moreover, it exhibited 
auspicious efficiency and satisfactory tolerability in HER2 
positive advanced breast cancer patients [75].

Antibody-Drug Conjugate (ADC)

Trastuzumab emtansine (T-DM1) is an ADC that integrates the 
HER2 targeting the antitumor activity of trastuzumab with the 
cytotoxicity of a microtubule-inhibitory candidate, emtansine. 
It is approved for being the second-line treatment avenues in 
trastuzumab/ lapatinib-relapsed/refractory HER2 positive breast 
cancer patient [76, 77]. 

Farnesyl Transferase Inhibitors (FTI)

Lonafarnib, as a specific FTI, inhibits Ras function by 
farnesylation. Although RAS mutations are not expected (<2%) 
in BC, Ras protein and its downstream effectors are often 
activated due to overexpression of upstream signalling molecules 
(e.g., HER2) [78]. Recently, a phase I trial showed that addition 
of lonafarnib to trastuzumab and paclitaxel therapy exhibited 
superior antitumor activities in HER2 positive breast cancer [79] 
(Figure 9).
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Triple negative breast cancer

Triple-negative breast cancer (TNBC), a subtype of breast cancer 
that is defined by the absence in the expression of estrogen 
and progesterone receptors (ER/PR) and HER2 receptors and 
accounts for about 10–15% of all diagnosed breast cancers 
[80]. It is well-characterized for having a unique molecular 
profile, biologically aggressive behavior, inferior prognosis, 
diverse metastasis patterns, association with BRCA1 mutation 
status, and deficient targeted therapies [81]. Deficiency in the 
expression of ER, PR, and HER2 in advanced TNBC excludes 
the use of targeted therapies. Thus adjuvant chemotherapy is 
the widely accepted systemic treatment option that commonly 
includes anthracyclines, taxanes, and platinum drugs with 
or without bevacizumab which is a recombinant humanized 
monoclonal antibody that works against vascular endothelial 
growth factor (VEGF) [82]. As compared to other breast cancer 
subtypes, TNBC has limited therapeutic options due to the 
absence of well-defined molecular targets. Therefore, there is 
an urgent requirement for identifying novel therapeutic targets 
and the development of preventive methods. Following are novel 
therapies that are being used for the treatment of TNBC.

PARP inhibitors

Poly (ADP-ribose) polymerases (PARPs) are the enzymes found 
to be involved in several aspects of cellular response to various 

forms of damage. The most abundant PARP-1 and PARP-2 play 
a central role in DNA damage repair, and treated as one of the 
important therapeutic targets for cancer treatment. It is presumed 
that inhibition of PARP activity sensitizes the cancerous cells to 
chemotherapy and radiation leading to effective outcome [83]. 
Development in understanding the TNBC heterogeneity is due to 
the disclosure of a subgroup of sporadic TNBC, which essentially 
shares the homologous repair deficiency characteristic with 
BRCA1/2-mutated breast cancer [84]. Therefore, combinational 
drug therapies are being proposed by integrating the DNA-
targeting platinum drug carboplatin or PARP inhibitors to 
standard chemotherapy [85]. The PARP enzyme helps repair 
the DNA single-strand breaks while the BRCA1/BRCA2 genes, 
encoding tumor-suppressor proteins, are involved in the repair 
of DNA double-strand breaks via homologous recombination. 
Promising clinical activities have been seen by using PARP 
inhibitors in patients with germ line BRCA1/BRCA2 mutation 
(gBRCA+), probably by synthetic lethality that arise from 
unresolved DNA damage and also by replication arrest triggered 
by physical hindrance of DNA replication forks [86]. Talazoparib 
is currently under phase III trial (NCT01945775) and has shown 
utmost preclinical efficacy due to strong binding with DNA 
utilizing trapping PARP–DNA complexes [86]. It has proved to 
have promising antineoplastic activities in advanced gBRCA+ 
BC as a single agent [87] (Figure 10).

Figure 9: Structure of farnesyl transferase inhibitor lonafarnib showed enhanced 

potency in combination with paclitaxel and trastuzumab during phase-I clinical trial
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Anti-angiogenic agents

The intra-tumoral expression of angiogenic factors such as 
VEGF is well-known for being abnormally higher in TNBC 
in contrast to non-TNBC breast cancers [88]. Bevacizumab is 
an anti-VEGF monoclonal antibody that helps in suppressing 

the tumor neovasculature growth and also inhibits metastasis. 
Combining bevacizumab with docetaxel did not significantly 
affect the overall safety profile of the treatment avenues [88]. 
It has been also reported that combination of docetaxel and 
cyclophosphamide with bevacizumab provides excellent results 
for triple negative breast cancer patients [89] (Figure 11).

Figure 10: Some potent PARP inhibitors

Figure 11: Some potent anti-angiogenic agents used in combination therapy

EGFR inhibitors 

Epidermal growth factor receptor (EGFR) is highly overexpressed 
in TNBC, which may provide an itinerary as a potential target for 
EGFR targeting treatment [90]. Phase II studies have evaluated 
the efficiency of an anti-EGFR monoclonal antibody cetuximab 
in combination with carboplatin in the metastatic TNBC. This 

study indicated that combination cetuximab of carboplatin 
produced response in less than 20% of patients having metastatic 
TNBC [91]. Combination of cetuximab with cisplatin showed 
significant response rate with an increase in progression-free 
survival in metastatic TNBC patients as compared to cisplatin 
monotherapy [92] (Figure 12).

Figure 12: Some potent EGFR inhibitors that showed significant activity in combination with cetuximab
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SRC inhibitors 

SRC, a non-receptor signalling kinase involved in the 
downstream of several growth factor receptors such as EGFR, 
PDGFR, IGF-1R, and HGFR that get deregulated in TNBC. 
Dasatinib, an inhibitor of multiple tyrosine kinases such as 
SRC, has shown unsatisfactory results in TNBC patients during 
phase II trial (CA180059) [93]. However, in-vitro analysis of 
dasatinib combined with cetuximab and cisplatin showed 
synergistic anticancer activity in TNBC cell lines. This three-
drug combination produced noticeable apoptosis induction and 
inhibiting MAPK and EGFR phosphorylation than by employing 
either a single or two-drug variety.  Moreover, it was observed that 
cancer cell migration and invasion were significantly inhibited 
by only dasatinib treatment or dasatinib enclosing combination 
treatment in TNBC cell lines [94] (Figure 13).

II study [97]. Importantly, pembrolizumab has shown durable 
antitumor activity with heavily pretreated metastatic TNBC 
patients [98].

Chemical scaffolds used in breast cancer drug discovery\

Most of the approved drugs contain one or more heterocyclic 
components in them. Some of the essential heterocyclic motifs 
widely used in drug development include isoxazole, quinolines, 
isoquinoline, pyrolle, furan, pyridine, indole, pyrazole, oxazole, 
imidazole, 1,3,4-oxadiazole, 1,3,4-thiadiazole, triazole, etc [99] 
(Figure 14). Heterocycles that are naturally derived play a crucial 
role in the biochemical reactions existing in cell metabolism. 
Their reactivity of these molecules with cells and tissues makes 
them regulated in a strongly controlled manner, and as a result, 
any disturbance might be linked with pathological conditions. 
Thus, the synthetic cyclic compounds employed as anticancer 
drugs imitate natural ligands and substrates to disturb the 
obscure balance in cells [100].

Heterocyclic compounds are the privileged scaffolds that have 
emerged as a promising agent for designing and developing drugs 
[101, 102]. They can serve as useful tools to alter the polarity, 
lipophilicity, and hydrogen-bonding capacity of molecules, 
resulting in improved pharmacological, physicochemical, 
pharmacokinetic, and toxicological properties of drug 
candidates103. In addition, heterocyclic natural products and 
their derivatives have been well recognized for many years as a 
source of promising therapeutic agents and structural diversity104. 
Some of the natural products that possess heterocyclic moiety 
like antibiotics, namely penicillin, cephalosporin, vinblastine, 
morphine, reserpine, etc [105]. Heterocycles are widely used by 
medicinal chemists in drug design for cancer treatment [106, 
107]. Some available heterocyclic anticancer drugs in the market 
are methotrexate, doxorubicin, daunorubicin, etc. Majority of the 
drugs approved for various cancers and other diseases contain 
one or more heterocyclic moieties in them [108, 109].

Conclusion

Several resources have been utilized for developing a preventive, 
diagnostic, and therapeutic approach for breast cancer 
treatment. However, recurrence and resistance of malignant cells 
are the demerits associated with current treatment regimens. 
Substantial anticancer drug candidates suffer from lack of 
selectivity and participate in drug resistance thereby limiting the 
efficacy of these drugs. Therefore, novel therapeutic strategies 

Figure 13: Dasatinib is one of the potent SRC inhibitor

Monoclonal antibodies 

Glembatumumab Vedotin is monoclonal antibody cytotoxic 
drug-conjugate designed to target glycoprotein-NMB-
overexpressing (GPNMB) in TNBC patients95. The GPNMB is 
mainly associated with tumor invasion and metastasis, and also, 
it is overexpressed in around 40% of TNBC. GPNMB is one of 
the immune modulator and and plays significant role in tumor 
progression and metastasis in numerous solid cancers [96]. 

Immunotherapies 

Pembrolizumab is a human monoclonal IgG4-ĸ antibody that 
works against the programmed cell death 1 receptor (PD-1). 
It has been demonstrated with clinical efficiency and safety in 
advanced TNBC patients. PD-1 inhibits the immune system from 
killing cancer cells by preventing autoimmunity by destroying 
T cells. Although PD-L1 (a ligand of PD-1)-positive advanced 
TNBC patients were screened for the examination in a phase 
Ib study, the anticancer activity of pembrolizumab seems to be 
independent of PD-L1 expression as per another ongoing phase 
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are being developed to overcome these complications, which 
may discover novel anticancer drugs with low toxicity and tackle 
resistance challenges. There is the immense need for uncovering 
the alternative molecular targets that are expressed while genesis 
of breast cancers. The novel drug candidates are required at 
urgent to tackle the resistance and target specificity issues in 
breast cancer treatment. Molecular hybridization approach 
seems an important platform for the design and development 
of novel drug prototypes with improved pharmacokinetics and 
pharmacodynamics activity.
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