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ABSTRACT -Triple negative breast cancer (TNBC) is a very aggressive type of cancer. TNBC is };:r;g;ﬁjrapies
not just a single type of disease to be cured, but it consists of 6 subtypes which are basal-like 1 triple negative breast
and 2, immunomodulatory, mesenchymal, mesenchymal stem- like and luminar androgen receptor. cancer.

These subtypes has diverse characteristics, which hold potential opportunity for targeted treatment.
Lack of molecular targets for triple negative tumor lead to limited targeted therapies for TNBC.
Therefore, effective targeted therapies are urgently needed for TNBC. This paper will highlight on
the potential targets in TNBC and treatment options that are currently under clinical application.

INTRODUCTION

Breast cancer is the second leading of cancer death in woman after lung cancer (Jamdade et al., 2015). Fortunately,
with advances screening and treatment, survival rates have been improves significantly. Immunohistochemistry
classification was performed to determine molecular subtype of breast cancer based on the presence of biomarkers such
as estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) as stated in
Table 1. The major reported subtypes of breast cancer are luminal A, luminal B, HER2 enriched and basal like (Dai et
al. 2016). As the study improves, researchers identify another molecular subtype such as normal breast cell-like and
claudin low (Kondov et al., 2018). Knowledge about the molecular subtypes are importants to determine the disease
outcome and treatment selection for breast cancer.

Breast cancer subtypes such as luminal A/B, HER2 enriched, normal breast cell-like with the presence of ER, PR
and HER2 usually has standard treatment such hormone theraphy or HER2 targeted theraphy. However, for breast cancer
subtypes with absence of ER, PR and HER?2 the treatment remains challenging as chemotherapy still primary option for
treatment (Jhan & Andrechek, 2017). Triple negative breast cancer (TNBC) is a molecular subtype of breast cancer with
the absence of ER, PR and HER2. TNBC accounts for approximately 10%—15% of diagnosed breast cancer (Lebert et al.
2018). Eventough TNBC is only minority in breast cancer, it has worse prognosis, aggressive tumor and distant recurrence
which is worse as compared to the other subtype breast cancer (Prasad et al., 2016). TNBC also has higher chance to
develop metastasis that appear in brain and lung (Mehanna, Haddad, Eid, Lambertini, & Kourie, 2019).

Table 1. Molecular subtype of breast cancer (+/- shows status of receptor) (Dai et al., 2016).

Subtype Expression of Receptor Tumor Grade
Luminal A ER+,PR+,HER2-
Low
i +/- PR+/- +/-
Luminal B ER+/- PR+/- HER2+/ Intermediate/High
HER 2 ER-,PR-HER2+ .
High
- i + PR+ -
Normal breast-cell like ER+,PR+,HER2 Intermediate/High
Claudin low Lacks expression of claudin protein. Hiah
ER-HER2- 9
Basal like ER-,PR-HER2- .
High

Based on Table 1, there are similarity between the expression of basal like and claudin low with TNBC. TNBC is
often associated with basal like subtype due to negative expression of ER, PR and HER2, although the two do not
completely overlap. Approximately 70% of the basal like cancers are TNBC and 71% to 91% of TNBC belong to basal
like cancers (Penault-Llorca & Viale 2012). Claudin low also display similar receptor expression as TNBC, approximately
about 25% to 39% cases of triple negative breast cancers are claudin low (Dias et al. 2017; Peddi et al. 2012). To explore
more potential therapeutic treatment for TNBC, more in-depth study about TNBC subtypes have been examined. There
are 6 molecular subtypes of TNBC according to their gene expression profile as stated in Table 2 (Lehmann et al., 2011).

*CORRESPONDING AUTHOR | Rajaletchumy Veloo Kutty | D< vrajaletchumy@ump.edu.my 55
© UMP Press




Aminuddin et al.

Table 2. Subtype of TNBC based on gense exxpression profilling (Ahn, Kim, Kim, & Jeong, 2016; Lehmann et al.,

2011)
Subtype Gene Expression Profile
Basal-like 1 (BL1) High expression of genes involved in cell cycle and DNA repair
Basal-like 2 (BL2) High expression of genes involved in growth factor signalling genes
Immunomodulatory (IM) Enriched with gene for immune cell processes
Mesenchymal (M) High expression of genes associated with cell motility

Mesenchymal stem- like (MSL)  Enriched gene related growth factor signalling and low levels of
proliferating genes

Luminal androgen receptor High expression of androgen receptor involved in signalling and

(LAR) downstream pathways.

Limited treatment in TNBC due to the of absence of receptor, may worsen the clinical course for TNBC patients
(Bollinger et al., 2013). Hence, chemotherapy, surgery or a combination of both are the only treatment approaches for
TNBC. However, there is an issue with the current treatment which is some patients showing resistant with the current
chemotherapy regime (Johnson et al. 2013). Also more studies are needed for the chemotherapeutic agents in order to
reduce toxicity as it may cause life threatening side effects (Kutty & Feng, 2013). Deeper knowledge about TNBC from
gene expression profile provides insight to identify treatment strategies to treat TNBC patients effectively. This review
presents recent therapeutic options for the treatment of TNBC based on the several subtype of TNBC.

TARGETED THERAPEUTIC OPTIONS FOR TNBC
Poly ADP-ribose polymerase (PARP) inhibitor

TNBC is associated with BRCA mutant tumor cells, this interesting link between TNBC tumours, basal like cancer
and BRCAI germline mutation may contribute to a treatment option for TNBC which is by using a PARP inhibitor.
Approximately, 71% of BRCA1 mutation breast cancer are TNBC (Mahfoudh et al., 2019). Basal like breast cancer has
shown defects in DNA double-strand break repair, derived from BRCAI mutation (Ismail-Khan & Bui 2010). The
BRCAL helps maintaining the DNA stability, thus dysfunction of BRCA1 disturbs the ability of the cells to recover by
reducing the DNA repair capacity (Desroches et al., 2015). PARP is an essential enzyme for the synthesis and repair of
DNA (Lehmann et al., 2011). When DNA damage occurs, PARP is inhibited, breaks in double-strand DNA will assemble
and repaired via homologous recombination. In order for the homologous recombination to function correctly both
BRCA1 and BRCA2 are needed. Therefore, for tumor cell lines that lack the functional BRCA1 expression are sensitive
to PARP inhibitors, leading to cell apoptosis (Wahba & El-Hadaad 2015).

There are currently several PARP inhibitors in clinical trial that hold brighter future for the TNBC treatment. (Robson
et al., 2017) investigated randomized phase III clinical study comparing PARP inhibitor olaparib monotherapy with
standard chemotherapy in metastatic BRCA germline mutation patients. Patients receiving olaparib monotherapy had
longer median progression free survival compared with standard chemotherapy (7 months versus 4.2 months). The overall
response rate for olaparib was 59.9% and 28.8% in the standard chemotharapy group. Olaparib inhibitor provide better
treatment with longer progression free survival and 42% lower risk of disease progression compared to standard
chemotherapy.

Another inhibitor that is currently being studied against TNBC is veliparib. Study by (Rugo et al., 2016) state that
the combination treatment of veliparib and carboplatin to chemotherapy increase the pathological complete response
(pCR) rate to TNBC patients. Patients will received either combination of chemotherapy and inhibitor or chemotherapy
alone. Based on the result, the pCR was 51% for standard chemotherapy-veliparib-carboplatin while 26% for standard
chemotherapy. Combination of veliparib and carboplatin added to standard chemotherapy increase pCR rates in TNBC.

Rucaparib is also one of the PARP inhibitor and its function is to repair DNA and maintaining genomic stability
(Colombo et al., 2018). A multicentre trial was administered and it shows that rucaparib can inhibit PARP even at a
minimum concentration. Based on the result, overall response rate of 41% with 12 week progression free survival is
achieved (Drew et al., 2016). Another multicentre study was conducted to test the rucaparib efficiency in patients with
HER- metastatic breast cancer. The clinical outcomes of this research is to obtain clinical benefit rate, longer PFS, overall
survival and the prognostic biomarker of BRCA (Patsouris et al., 2017).

Mammalian target of rapamycin (mTOR) inhibitor

The signalling pathway is activated by receptor tyrosine kinase, which will have triggered the activation of PI3K
followed by phosphorylation of AKT and mTOR complex. The activation of PI3K/AKT/mTOR pathway can occur due
to overexpression of upstream regulator (EGFR) or loss of expression of phosphate and tensin homolog (PTEN) (Costa
etal.,2018). There is high incidence of PTEN loss and mTOR activation in TNBC (Wahba & El-Hadaad 2015). Inhibiting
mTOR signalling pathway will terminate cellular proliferative responses and lead to cell cycle arrest (O’Reilly et al.,
2015). Inhibiting mTOR is also beneficial for TNBC subtype mesenchymal and mesenchymal stem- like due to the
presence of high expression of growth factor signalling receptor (Peddi ef al., 2012). Thus, by inhibiting the mTOR will
be beneficial for treatment of TNBC.

» journal.ump.edu.my/jceib 56



Journal of Chemical Engineering and Industrial Biotechnology (JCEIB)

Everolimus is one of the mTOr inhibitor approved for the treatment of cancer. A phase I trial was conducted to test
the efficacy of combining everolimus with chemotherapy drug eribulin in metastatic TNBC. 27 patients were enrolled
and have been treated with combination of everolimus and eribulin. Positive result was obtained with 2.6 months of
median progression free survival and 8.3 months overall survival (Lee et al., 2019). (Singh et al., 2014) also investigated
the effects of everolimus with chemotherapy drug carboplatin in phase II clinical study for metastatic TNBC. The study
recorded efficacy in progression free survival for 3 months with clinical benefit rate of 36%, that shows the treatment was
efficacious in metastatic TNBC.

Androgen receptor

Tnbc with luminal androgen receptor subtype is a subtype that enriched with androgen receptor expression (Lehmann
et al., 2011). Androgen receptors are necessary for normal breast development but their dysregulation may risk in breast
tumorigenesis. It may regulate genes involved in metastasis and developed independent tumorigenic activity. Even though
it demonstrated tumorigenic activity, preclinical study shows that the interaction between androgen receptors and estrogen
receptors may inhibit tumor growth. However, in TNBC estrogen receptors are absence thus androgen receptors continue
to stimulate tumor cell growth (Mina, Yoder, & Sharma, 2017). The role of androgen receptor as TNBC treatment is still
not clear as androgen receptor seems to retain oncogenic effect, thus prognostic value of androgen receptor becomes
controversial (Mrkli¢, Pogoreli¢, Capkun, & Tomi¢, 2013). However, recent studies proves this subtype respond to anti-
androgen therapies as alternative of chemotherapy free treatment for TNBC.

The efficacy of these strategies has been investigated in clinical trial, which may shed some light to androgen receptor
targeted therapy. The first clinical study for anti androgen therapy for breast cancer was reported by (Gucalp et al., 2013).
A single arm study was performed to androgen receptor positive and estrogen receptor negative breast cancer patients.
Bicalutamide at the dose of 150mg was administered orally on a continuous daily schedule to the patients. Bicalutamide
is an oral nonsteroidal androgen receptor antagonist. The finding records 19% of clinical benefit rate and longer median
progression free survival for at least 6 months. It can be concluded that the bicalutamide treatment was well tolerated for
androgen receptor positive with moderate toxicity effect to patients.

Another phase II trial, evaluating new anti androgen receptor which is enzalutamide. Enzalutamide is antiandrogen
that inhibit androgen receptor signalling pathway which will prevent transcription of androgen responsives gene (Nadal
& Bellmunt, 2016). In this study 118 patients were received enzalutamide 160mg once per day until disease progression.
Of 118 patients 78 patients were TNBC. Clinical benefit rate at primary end point (16 weeks) was 33% and secondary
endpoint (24 weeks) was 28%. The study recorded longer median progression free survival of 3.3 months with overall
survival of 17.6 months. Enzalutamide treatment demonstrated positive clinical response in TNBC treatment with
minimum side effect to patients (Traina et al., 2018).

Epidermal growth faactor receptor (EGFR)

Numerous cases of TNBC are overexpression of EGFR (Masuda ef al., 2012). EGFR is a cell surface transmembrane
tyrosine kinase receptor, encoded by the cell erythroblastosis virus oncogene Bl (C-erbBl) and a part of the
HER/erythroblastosis virus oncogene B (ErbB) family (Jamdade ef al., 2015). It comprises of the extracellular space,
transmembrane space and intracellular tyrosine kinase space. EGFR plays role in cellular processes such as signalling,
proliferation, differentiation and cell development (Yano et al., 2003). Overexpression of EGFR is often associated with
the cause of many human epithelial cancers such as breast cancer, lung, pancreatic and brain cancer (Changavi et al.,
2015). These receptors receive signals that promote cancer growth upon activation, leading to cell proliferation,
angiogenesis, and metastasis, and decreased apoptosis (Baselga, 2002). This overexpression of EGFR lead to tumor
progression, resistance to chemotherapy and poor prognosis. (Yang et al., 2010).

EGFR is activated by binding of its specific ligands such as epidermal growth factor (EGF). This leads to receptor
dimerization followed by kinase activation and trans phosphorylation of residues in the intracellular domain. This will
lead to activation of adaptor and enzyme to stimulate their corresponding signalling pathway. This pathway than will
activated many biological outputs that are beneficial for growth of cancer cells (Seshacharyulu ef al., 2012). Anti-EGFR
therapy is an attractive target and play significant role in the treatment of cancer to restrain EGFR signalling pathway
(Zakaria et al., 2019).This anti-EGFR will bind to the EGFR to block ligand binding and block the activity of EGFR. The
growth signals cannot bind to EGFR and therefore cannot promote cell growth (Nakai et al., 2016; Kim et al., 2017).
Thus, EGFR-targeted therapy might have a promising role in TNBC.

Cetuximab and panitumumab are monoclonal antibodies, which are commonly used in cancer treatment. They will
bind to EGFR and prevent the binding of EGF thus inhibits EGFR-dependent signalling pathways during cell division in
the G1 phase, which leads to cell apoptosis (Chacéon & Costanzo, 2010; Holubec, Polivka, Safanda, Karas, & Liska,
2016). (Cowherd et al., 2015) conducted phase II clinical trial in metastatic TNBC patients to evaluate the combination
of chemotherapy drug paclitaxel and carboplatin with panitumumab. The result recorded overall response rate of 46%
and longer median progression free survival of 3.6 months. The combination treatment shows positive clinical response
in TNBC treatment.

Another phase II clinical trial conducted to investigate combination of cetuximab with docetaxel for stage II-III
TNBC patients. The treatment consists of weekly cetuximab infusion combined with 6 cycle of docetaxel once every 3
weeks. The primary endpoint of this study was pCR rate which was 24%. While the secondary endpoint of this study was
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clinical response which recorded complete clinical response in 22% of cases. Cetuximab in combination with docetacel
shows decent therapeutic effect with acceptable toxicity effects (Nabholtz et al., 2016).

Table 3. Clinical trial in TNBC treatment

\ Patient Treatments Patients,n  Results
Study Design Population
PARP inhibitor
Randomized, BRCA mutation, Oliparib vs chemotherapy 205 vs 97 PFS: 7 vs 4.2 months
Phase lll HER 2- breast ORR: 59.9% vs 28.8%
(Robson et al., 2017) cancer
Open label, Phase II TNBC Veliparib+Carboplatin+chemotherapy 72vs 44 pCR: 52% vs 26%
(Rugo et al., 2016) vs chemotherapy
Open label, Phase Il BRCA1/2 Rucaparib 78 PFS: > 12w
(Drew et al., 2016) mutation ORR:41%
mTOR
Phase 1 Metastatic TNBC Everolimus+eribulin 27 PFS: 2.6 months
(Lee etal., 2019) 08S:8.3 months
Phase Il Metastatic TNBC Everolimus+carboplatin 25 PFS: 3 months
(Singh et al., 2014) CBR: 36%
Androgen receptor
Phase Il Androgen Bicalutamide 424 PFS: 6 months
(Gucalp et al., 2013) receptor + breast CBR: 19%
cancer
Estrogen - breast
cancer
Phase Il TNBC Enzalutamide 78 PFS: 3.3 months
(Traina et al., 2018) CBR: 33% (16w)
28% (24w)
0S: 17.6%
EGFR
Phase Il Metastatic TNBC Panitumumab+paclitaxel+carboplatin 14 PFS: 3.6 months
(Cowherd et al., 2015) Locally advance ORR: 46%
TNBC
Phase Il Stage 1,1l TNBC Cetuximab+docetaxel 33 pCR: 24%
(Nabholtz et al., 2016)

N, number of patients; ORR, overall response rate; PFS, progression free-survival; CBR, clinical benefit rate; OS, overall survival.

CONCLUSION

Lack of targeted therapy and standard treatment lead to mortality of TNBC. For now, chemotherapy becomes a
common treatment for TNBC, however the result does not improve overall response rate and progression free survival as
compared to the other type of cancer. As the disease itself is complicated, research to find new therapeutic approach also
becoming complex. This review focuses on the potential target for TNBC. It is important to understand which target can
benefit the therapeutic effect to TNBC. The outcome from clinical trials using inhibitor that target specific subtype of
TNBC, shows promising result in treatment of TNBC. Currently there are more ongoing clinical study and hopefully will
improve paradigm of TNBC treatment. So that in the future TNBC patients may gain benefit from chemotherapy or
treatment.
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