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ABSTRACT

Breast cancer (BC) is still the most common cancer among women worldwide. Amongst the 
subtypes of BC, triple negative breast cancer (TNBC) is characterized by deficient expression 
of estrogen, progesterone, and human epidermal growth factor receptor 2 receptors. These 
patients are therefore not given the option of targeted therapy and have worse prognosis as 
a result. Consequently, much research has been devoted to identifying specific molecular 
targets that can be utilized for targeted cancer therapy, thereby limiting the progression and 
metastasis of this invasive tumor, and improving patient outcomes. In this review, we have 
focused on the molecular targets in TNBC, categorizing these into targets within the immune 
system such as immune checkpoint modulators, intra-nuclear targets, intracellular targets, 
and cell surface targets. The aim of this review is to introduce and summarize the known 
targets and drugs under investigation in phase II or III clinical trials, while introducing 
additional possible targets for future drug development. This review brings a tangible benefit 
to cancer researchers who seek a comprehensive comparison of TNBC treatment options.
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INTRODUCTION

Triple negative breast cancer (TNBC) is one subtype of breast cancer (BC) which is defined as 
a group of BCs lacking the expression of 3 major receptors involved in BC; estrogen receptor 
(ER), progesterone receptor (PR), and overexpression of human epidermal growth factor 
receptor 2 (HER2). The overall incidence of TNBC is approximately 15%–20%, with higher 
rates seen in young women and African-Americans [1]. Compared to other types of BC, 
patients with TNBC will experience poorer overall survival (OS), and a higher probability of 
cancer recurrence.

TNBC is a heterogeneous disease which is subcategorized into various subtypes. Lehmann 
et al. [2] described a classification for TNBC subtypes, based on the microarray data on 
587 TNBC cases. He introduced 2 basal-like (BL) subtypes. BL1 subtype showed high 
expression of cell cycle and DNA damage response genes and BL2 subtype showed high 
expression of genes involved in growth factor signaling, nerve growth factor, hepatocyte 
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growth factor receptor, insulin like growth factor 1 receptor pathways, glycolysis and 
gluconeogenesis, and myoepithelial markers (TP63 and MME). The immunomodulatory 
subtype was enriched for immune cell processes and immune signaling. The mesenchymal 
stem-like subtype was characterized by a high expression of genes involved in motility, 
extracellular matrix, epithelial-to-mesenchymal transition (EMT), and cell differentiation 
pathways with a lower expression of genes involved in proliferation. The luminal androgen 
receptor (LAR) subtype is associated with a higher expression of genes responsible for 
steroid synthesis and androgen/estrogen metabolism. In 2015, Burstein et al. [3] performed 
RNA and DNA profiling analysis on 198 TNBC tumors and defined a category consisting of 
4 TNBC subtypes; BL immunosuppressed, BL immune-activated, LAR and mesenchymal. 
Regardless of the disease subtype and since TNBC does not express/overexpress ER, PR 
or HER2, systemic chemotherapy, rather than targeted therapy, has long been the major 
treatment option for these patients. Complications associated with single or combination 
chemotherapy regimens, and limitations in efficacy, has made oncologists and cancer 
researchers more interested in developing and administering targeted therapies to these 
patients. In recent years, along with the high efficacy of cancer immunotherapy in metastatic 
and advanced tumors such as lung and melanoma, some researchers have focused their 
efforts on the classification of TNBC based on immune markers. For example, Jézéquel et al. 
[4] performed microarray profiling on 107 TNBC patients and described 3 TNBC subtypes: 
BL with low immune response and high M2-like macrophages, basal-enriched with high 
immune response and low M2-like macrophages, and LAR. These subtypes have incidence 
rates of 45%, 33%, and 22%, respectively. Highlighting the importance of immunotherapy 
today, drugs developed in this area have been included in clinical trials. This review paper 
highlights the molecular targets in TNBC, with an emphasis on well-known targets with 
available drugs, therapies which are mostly in phase II and III clinical trials, and discussing 
plausible targets for future drug development. The authors hope to give a thorough update 
on the basic and clinical outcomes and on the current status of clinical drug testing.

IMMUNE CHECKPOINT MODULATORS

Programmed cell death protein 1 (PD-1) and its ligand
PD-1 is a surface receptor expressed by T cells, and when engaged with its ligand has an 
immunosuppressive role. Therefore, PD-1 inhibitors inhibit the activation of this receptor, 
thereby improving immune function and allowing cancer cells to come under attack. 
PD-1 has 2 ligands, PD-L1 and PD-L2 (Figure 1). Reports have suggested that 40.9% of 
TNBC patients express PD-L1 [5]. PD-L1 is associated with increased tumor infiltrating 
lymphocytes (TILs) [6]. This suggests that anti-PD-1 or anti-PD-L1 agents are efficacious in 
these patients. Registered PD-1 and PD-L1 clinical trials are listed in Table 1. Anti-PD-1 drugs 
include pembrolizumab, nivolumab, toripalimab, spartalizumab, camrelizumab, FAZ053, 
and PF-06936308. Most studies of these drugs are in phase I clinical trials. Currently, 48 
and 19 clinical trials are registered to use pembrolizumab and nivolumab, respectively, as 
a potential intervention in TNBC patients. Pembrolizumab is widely used in other cancers 
with a favorable safety profile. Pembrolizumab, as a monotherapy, was studied in a phase II 
clinical trial, in 170 metastatic TNBC (mTNBC) patients, 61.8% of which were PD-L1-positive. 
The objective response rate (ORR) in the whole population and in the PD-L1+ population 
in this study was 5.3% (95% confidence interval [CI], 2.7–9.9) and 5.7% (95% CI, 2.4–12.2). 
Likewise, the disease control rate in these 2 groups was 7.6% (95% CI, 4.4–12.7) and 9.5% 
(95% CI, 5.1–16.8), respectively. The median progression-free survival (PFS) and median OS 
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in this study was 2 months (95% CI, 1.9–2.0) and 9 months (95% CI, 7.6–11.2), respectively. 
While the ORR was low, for patients who responded to treatment, disease control was 
durable [7].

Anti-PD-L1 drugs include atezolizumab, durvalumab, avelumab, and M7824. Atezolizumab 
is a promising anti-PD-L1 agent, especially in combination with taxane in the treatment 
of PD-L1 positive mTNBC [5]. Nabpaclitaxel in combination with atezolizumab or placebo 
in 902 mTNBC patients caused a statistically significant increase in the median PFS in the 
group receiving atezolizumab (7.2 vs. 5.5 months). In PD-L1+ tumors, the median OS of those 
receiving atezolizumab and nabpaclitaxel was 25 months, compared with 15.5 months for 
nabpaclitaxel alone. The results of these studies suggest that anti-PD-1 and anti-PD-L1 drugs 
may be promising therapies for these patients.

Cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
CTLA-4 is another immune checkpoint protein which is expressed on activated T cells 
(Figure 1). CTLA-4 competes with its homologous molecule, CD28 for binding to CD80 and 
CD86 on antigen presenting cells. CLTA-4 has a higher affinity for CD80 and CD86, and 
unlike CD28, CLTA-4 transmits inhibitory signals to the T cell. CTLA-4 is also expressed 
on regulatory T cells (Tregs) mediating immunosuppressive responses. Therefore, 
inhibition of CTLA-4 is thought to induce proliferation of T cells leading to a boost of 
immune responses in the body [8]. Ipilimumab is an anti-CTLA-4 monoclonal antibody 
and a checkpoint blocker, currently undergoing clinical trial testing in combination 
with nivolumab (NCT03546686, NCT01928394) or nivolumab and INCAGN01876 (anti-
human glucocorticoid-induced tumor necrosis factor [TNF] receptor) (NCT03126110, 
NCT03241173). Likewise, tremelimumab, a fully human anti-CTLA-4 monoclonal antibody, 
is under clinical investigations in combination with PF-06936308 (NCT03674827), nab-
paclitaxel and carboplatin (NCT02658214), and durvalumab (NCT02527434).
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Figure 1. Major druggable targets expressed as proteins or glycoproteins and functioning as receptors, ligands, 
channels, mitotic protein kinases or nuclear receptors. 
TIM-3 = T cell immunoglobulin and mucin-domain containing-3; PD-1 = programmed cell death protein 1; 
PD-L1 = programmed death-ligand 1; Hh = hedgehog; VEGFR2 = vascular endothelial growth factor receptor 2; 
FGFR = fibroblast growth factor receptor; EGFR = epidermal growth factor receptor; GPNMB = glycoprotein 
non-metastatic B; Trop-2 = trophoblast antigen 2; AR = androgen receptor; CSF1R = colony stimulating factor 1 
receptor; FZD = frizzled.
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Table 1. Inhibitors of PD-1 and PD-L1 in phase II and III clinical trials
Inhibitor Other treatments in the study Status Identifier
Pembrolizumab* Bemcentinib Phase II, R NCT03184558

None Phase II, R NCT02411656
Anastrozole, doxorubicin, exemestane, letrozole Phase II, R NCT02648477
Valacyclovir, ADV/HSV-tk, radiation Phase II, R NCT03004183
Tavokinogene telseplasmid Phase II, R NCT03567720
Nab-paclitaxel, epirubicin, cyclophosphamide Phase II, R NCT03289819
Carboplatin, gemcitabine Phase II, R NCT02755272
None Phase II, R NCT03145961
Doxorubicin, cyclophosphamide, paclitaxel, carboplatin, decitabine Phase II, R NCT02957968
Carboplatin, docetaxel, pegfilgrastim Phase II, R NCT03639948
Enobosarm Phase II, R NCT02971761
Carboplatin, nab-paclitaxel Phase II, R NCT03121352
Radiation therapy Phase III, R NCT02954874
None Phase II, ANR NCT02447003
Capecitabine Phase II, ANR NCT03044730
Radiotherapy Phase II, ANR NCT02730130
Imprime PGG Phase II, ANR NCT02981303
Cyclophosphamide Phase II, ANR NCT02768701
Capecitabine, eribulin, gemcitabine, vinorelbine Phase III, ANR NCT02555657
Nab-paclitaxel, paclitaxel, gemcitabine, carboplatin, normal saline solution Phase III, ANR NCT02819518
Carboplatin, paclitaxel, doxorubicin, epirubicin, cyclophosphamide, placebo, filgrastim or 
pegfilgastrim

Phase III, ANR NCT03036488

Cisplatin Phase II, NR∥ NCT03644589
Lenvatinib Phase II, NR NCT03797326
Carboplatin Phase II, S 

(amendment)
NCT03213041

Nivolumab* Cabozantinib Phase II, R NCT03316586
Radiation therapy, low dose doxorubicin, cyclophosphamide, cisplatin Phase II, R NCT02499367
Ipilimumab Phase II, R NCT03546686
Capecitabine Phase II, R NCT03487666
Carboplatin Phase II, R NCT03414684
Ipilimumab, capecitabine Phase II, NR NCT03818685
Doxorubicin Phase II, NR NCT03815890

Toripalimab* Nab-paclitaxel, placebo Phase III, NR NCT03777579
Camrelizumab* Apatinib Phase II, R NCT03394287
Atezolizumab† None Phase II, R NCT02478099

Stereotactic radiosurgery Phase II, R NCT03483012
Paclitaxel, carbo/cyclo Phase II, R NCT01898117
Pegylated liposomal doxorubicin, cyclophosphamide, placebo Phase II, R NCT03164993
Placebo, paclitaxel Phase III, R NCT03125902
Placebo Phase III, R NCT03281954
Paclitaxel, dose-dense doxorubicin or dose-dense epirubicin, cyclophosphamide Phase III, R NCT03498716
Nab-paclitaxel, placebo Phase III, ANR NCT02425891
Placebo, nab-paclitaxel, doxorubicin, cyclophosphamide, filgrastim, pegfilgrastim Phase III, ANR NCT03197935
AZD6738, olaparib Phase II, NR NCT03740893
Capecitabine Phase II, NR NCT03756298
Carboplatin, paclitaxel Phase II, S NCT02883062

Durvalumab† Olaparib Phase II, R NCT03167619
Olaparib Phase II, R NCT03801369
Placebo, nab-paclitaxel, epirubicin, cyclophosphamide Phase II, ANR NCT02685059
Tremelimumab Phase II, ANR NCT02527434
Carboplatin, gemcitabine, nab-paclitaxel, personalized synthetic long peptide vaccine, poly ICLC Phase II, NR NCT03606967
AZD6738, olaparib Phase II, NR NCT03740893

Pembrolizumab, nivolumab, toripalimab and camrelizumab are anti-PD-1 drugs. Atezolizumab and durvalumab are anti-PD-L1 drugs.
PD-1 = programmed cell death protein 1; PD-L1 = programmed death-ligand 1; ADV/HSV-tk = adenoviral vector-mediated herpes simplex virus tyrosine kinase;  
R = recruiting; ANR = active, not recruiting; NR = not recruiting; S = suspended.
*Anti-PD-1; †Anti-PD-L1.
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Lymphocyte-activation gene 3 (LAG-3)
LAG-3 (Figure 1) is another immune checkpoint receptor which, like CTLA-4 and PD-1, is 
a negative regulator of the activation and proliferation of T cells and a suppressor of Tregs. 
About 15% of TNBC patients are reported to co-express PD-1 and LAG-3, associated with 
the presence of TILs [9]. Therefore, inhibition of both LAG-3 and PD-1 may have synergistic 
antitumor immune effects. Currently, 3 clinical trials investigating anti-LAG-3 antibodies 
in TNBC patients, usually in combination with an anti-PD-1 drug, are ongoing. These 
include LAG525 (IMP701), an anti-LAG-3 antibody, in combination with spartalizumab in 
mTNBC patients (NCT03742349); and TSR-033, another anti-LAG-3 monoclonal antibody, 
alone or in combination with anti-PD-1 antibody in various solid tumors including TNBC 
(NCT03250832). the third anti-LAG-3 antibody (INCAGN02385) is in phase I clinical trial in 
patients with advanced malignancies, including TNBC (NCT03538028).

T cell immunoglobulin and mucin-domain containing-3 (TIM-3)
TIM-3 (Figure 1) is another cell surface receptor and immune checkpoint, which together 
with PD-1 and LAG-3 exhausts CD8+ T cells. TIM-3 is highly expressed in TILs and tumor 
antigen-specific T cells, playing a role in tumor immunity [10]. Currently, INCAGN02390, 
an anti-TIM-3 antibody, is in phase I clinical trials in some advanced malignancies, including 
TNBC (NCT03652077).

Hedgehog (Hh) and neuropilin-2 (NRP-2) signaling pathway
The Hh signaling pathway is involved in the development and differentiation of embryos, 
angiogenesis and regulating cell fate. Importantly, this signaling pathway is a regulator 
of immune system, plays a role in TNBC progression [11] and contributes to cancer cell 
stemness in TNBC [12]. In addition, NRP-2, a VEGF receptor, is expressed in tumour-
initiating cells involved in the initiation and genesis of TNBCs. In fact, activation of NRP-2 
causes expression of GLI1 which induces another key stem cell factor, BMI-1. BMI-1, in an 
autocrine loop, enhances the expression of NRP-2. All of these steps could potentially be 
targeted to delay tumour initiation. In vitro studies report the successful use of Hh signaling 
inhibitors, such as Cyclopamine and Gant61. Vismodegib (NCT02694224) and sonidegib 
(NCT02027376) are 2 Hh signaling inhibitors which have been approved for use in basal-
cell carcinoma, and for clinical trials in TNBC patients by the United States Food and Drug 
Administration (FDA).

TARGETS WITHIN THE NUCLEUS

Breast cancer susceptibility gene (BRCA) and platinum-based treatment
BRCA1 and BRCA2 are genes which are responsible for repairing double stranded DNA 
breaks. Mutations in these 2 genes causes DNA instability, making the cell more 
susceptible to DNA interacting agents, such as platinum salts. BRCA mutation is associated 
with inherited BC. More than 80% of the tumors with BRCA1 mutations have TNBC 
characteristics, and are more aggressive and have higher tumor grade [1]. Platinum-based 
drugs are increasingly being utilized in the adjuvant and metastatic setting as well as 
other standard chemotherapeutics (including microtubule inhibitors, anthracyclines and 
antimetabolites). The results of a phase II clinical trial suggest that platinum monotherapy 
is especially effective in patients with BRCA1/2 mutations [13]. Cisplatin in combination 
with gemcitabine has a favorable safety profile [14] and could be superior to paclitaxel 
plus gemcitabine, based on a phase III multicenter trial. A recent phase III clinical trial 
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comparing carboplatin with docetaxel in 376 TNBC patients showed that the ORR between 
the 2 groups was not significantly different (31.4 vs. 34.0 months; p = 0.66). However, in 
BRCA mutated patients, ORR with carboplatin (68%) was twice that of the docetaxel group 
(33%) (p = 0.01) [15]. A randomized phase II clinical trial studied the effects of adding 
carboplatin and/or bevacizumab to the chemotherapy regimen (paclitaxel, doxorubicin 
and cyclophosphamide) of 433 stage II and III TNBC patients. The addition of carboplatin 
resulted in blood toxicities including neutropenia and thrombocytopenia. However, 
pathologic complete responses (pCRs) in breast (60% vs. 46%; p = 0.0018) and breast/axilla 
(54% vs. 41%; p = 0.0029) were significantly increased with carboplatin, while bevacizumab 
only increased breast pCR (59% vs. 48%; p = 0.0089) [16].

Poly-ADP ribose-polymerases (PARP)
PARP is responsible for repairing single stranded DNA breaks. PARP inhibitor (PARPi) agents 
or PARP trappers inhibit the active site of the enzyme. The PARP/PARPi complex binds to 
the damaged area, but without the catalytic activity necessary for PARP-dependent DNA 
damage repair. The stalling PARP on the DNA can induce a double strand break. In healthy 
cells with normal BRCA function, BRCA ultimately repairs this damage and the cell survives. 
In cases of BRCA mutations, the double stranded breaks persist and the cell eventually dies. 
Therefore, BRCA mutated patients may benefit from PARPi agents together with platinum-
based drugs. There are 5 PARPi agents in phase II or III clinical trials (Table 2). The effects 
of olaparib (300 mg, twice a day) were compared with standard monotherapy in 302 patients 
with the BRCA mutation and HER2 negative metastatic BCs (OLYMPiAD study). Patients 
treated with olaparib had a significantly longer median PFS (7.0 months) and longer response 
rate (59.9%) compared to the standard therapy group (4.2 months and 28.8%) (p < 0.0001). 
These patients also had a lower rate of grade 3 or higher adverse events (36.6% vs. 50.5%) and 
drug discontinuation due to toxic events (4.9% vs. 7.7%) [17]. Olaparib was well-tolerated, 
however, the median OS of these patients (19.3 months) was not significantly different from 
the patients on standard therapy (17.1 months) (95% CI, 0.66–1.23; p = 0.513) [18]. Olaparib 
is under investigation as a monotherapy and as a combination therapy with other agents 
such as immunotherapy drugs, cell cycle and cell growth inhibitors. The completed trial on 
the combination of olaparib and carboplatin (NCT01445418) on 28 TNBC patients showed 
this combination is tolerable, with 1 complete response of more than 69 months, 19% partial 
response (median of 4 months) [19]. The safety, tolerability and efficacy of olaparib (200 mg, 
twice a day) plus paclitaxel was studied in another phase I clinical trial (NCT00707707) on 
a total of 19 mTNBC patients. Results from that trial showed that this combination caused 
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Table 2. A summary of poly-ADP ribose-polymerases inhibitor drugs in clinical trials phase II and III
Inhibitor Other treatments in the study Status Identifier
Olaparib Durvalumib Phase II, R NCT03801369

Durvalumib Phase II, R NCT03167619
18F-Fluoromisonidazole, cediranib maleate Phase II, R NCT02498613
Paclitaxel, carboplatin, epirubicin, cyclophosphamide Phase II, R NCT02789332
Paclitaxel, carboplatin Phase II/III, R NCT03150576
BKM120, BYL719 Phase II, ANR NCT01623349
None Phase II, ANR NCT00679783

Veliparib Cyclophosphamide Phase II, C NCT01306032
Cisplatin, placebo Phase II, R NCT02595905

Fluzoparib Apatinib Phase I, R NCT03075462
Rucaparib Cisplatin Phase II, ANR NCT01074970
Talazoparib None Phase II, R NCT02401347
R = recruiting; C = completed; ANR = active, not recruiting.
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higher-than-expected neutropenia. However, an encouraging response rate was found in 
37% (7) of the patients who had a confirmed partial response, and one patient remained on 
olaparib monotherapy without disease progression. The authors concluded that further dose 
adjustments would be required [20].

The EMBRACA clinical trial studied the effects of talazoparib in 431 patients with advanced 
BC and BRCA1/2 mutations. Two hundred and eighty-seven patients received 1 mg/day 
talazoparib and 144 patients received standard therapy. Patients in the talazoparib group had 
a significantly longer median PFS (8.6 months) compared to the standard therapy group (5.6 
months) (p < 0.001). The talazoparib group had a higher ORR (62.2%) compared to standard 
therapy (27.2%) (95% CI, 2.9–8.8; p < 0.001) [21]. Talazoparib is currently in a phase II 
clinical trial recruiting TNBC patients (Table 2).

Veliparib is another drug in this group with some completed phase I and II clinical trials. Single 
agent veliparib was tested in 88 patients with and without BRCA mutations and results show 
that it is well-tolerated and has anti-tumor activity against both tumor types in comparison with 
other single PARPi agents [22]. A phase I clinical trial (NCT01104259) using a combination 
of veliparib, cisplatin and vinorelbine tartrate in 50 BRCA mutated TNBC patients, showed 
a median PFS of 5.5 months (95% CI, 4.1–6.7) [23]. In a phase III clinical trial, veliparib was 
added to carboplatin in 634 patients, 316 receiving paclitaxel + carboplatin + veliparib, 160 
receiving paclitaxel + carboplatin and 158 receiving carboplatin alone. The first group achieved a 
higher pCR (53%) compared to the paclitaxel alone group (31%), but not compared to paclitaxel 
+ carboplatin (58%). While veliparib did not add to the toxicity profile it did not provide 
additional benefit beyond the benefit seen with the addition of carboplatin. Importantly, the 
addition of veliparib + carboplatin to paclitaxel and then doxorubicin + cyclophosphamide 
improved the pCR in TNBC patients [24]. Other PARPi agents, including niraparib, fluzoparib, 
rucaparib and E7449, have fewer registered clinical trials.

Histone deacetylase (HDAC)
HDACs, important regulators of gene expression and transcription (Figure 1), are 
upregulated in BC [25]. HDAC inhibitors (HDACi) have shown a various range of effects in 
laboratory cancer models. Panobinostat is one of these drugs under phase I/II clinical trial 
in combination with tamoxifen (NCT01194908). A previous clinical trial investigating the 
effect of panobinostat in combination with letrozole showed that thrombocytopenia was the 
most common adverse reaction [26]. Romidepsin is also undergoing another clinical trial 
in locally recurrent or mTNBC. Entinostat was used with azacitidine in a phase II clinical 
trial study. The results of this study showed that this combination was well-tolerated but 
TNBC patients did not respond to the therapy [27]. Entinostat alone in combination with 
atezolizumab (NCT02708680) or azacitidine (NCT01349959) are other examples of HDACi 
drugs undergoing phase II clinical trials.

p53, checkpoint kinase 1 (ChK1) and ataxia telangiectasia and Rad3 related 
(ATR)
The tumor suppressor gene p53 is a well-known oncogene. Studies show that p53 is a nuclear 
protein which is responsible for DNA repair, triggering apoptosis in cases of irreparable DNA 
damage or inducing senescence, cell cycle arrest, necrosis or autophagy. Mutations in p53 are 
very common in TNBC (60%–70%), and result in the loss of p53 mediated tumor-suppression 
[28]. Mutated p53 loses its ability to monitor the G1 checkpoint of cell cycle and as a result, 
the cell relies more on ChK1 to arrest the cell. ChK1 is downstream of activated ATR, another 
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coordinator of DNA repair management. The activated ATR-Chk1 pathway affects multiple 
DNA damage and replication checkpoint responses. Various ATR and/or Chk1/2 inhibitors 
have been designed and synthesized so far. LY2606368 is a ChK1/2 inhibitor which is being 
tested in a phase II clinical trial in patients with tumors, including TNBC, aiming to see if this 
therapy can help shrink tumors (NCT02203513). AZD6738 is an inhibitor of ATR currently 
in phase II clinical trials to assess the safety and efficacy of olaparib (PARPi) in combination 
with AZD6738 in TNBC patients (NCT03330847). This drug is also being tested in another 
phase II clinical trial to compare its effects as a monotherapy to olaparib or durvalumab (anti 
PD-L1) monotherapy in TNBC patients (NCT03740893).

DNA binding agents
Mithramycin or plicamycin is an antibiotic produced by Streptomyces strains. Mithramycin 
adheres to DNA and inhibits RNA and protein production. Mithramycin has shown 
efficacy in various cancers, and in in vitro and in vivo TNBC models. Trabectedin is another 
antineoplastic alkylating agent. Early studies showed the efficacy of trabectedin in TNBC, 
however, a phase II clinical trial on TNBC and HER2-overexpressing metastatic BC patients 
showed no confirmed responses in mTNBC patients [29].

INTRACELLULAR TARGETS AND SIGNALING MEDIATORS

Androgen receptor (AR)
AR is a member of the steroid and nuclear receptor superfamily and a transcription factor 
(Figure 1). The LAR class of TNBC expresses AR. Studies investigating the link between AR 
and decreased relapse-free survival [2,28], higher mortality rate [30] or a favorable disease-
free survival [31,32] are controversial. However, this class of TNBC has become a favorable 
target for anti-androgen therapy. Bicalutamide, an AR inhibitor, primarily used for metastatic 
prostate cancer, was well tolerated with a 19% 6-month clinical benefit rate (CBR) (95% CI, 
7%–39%) in a phase II trial study in metastatic BC patients [33]. Enzalutamide, an inhibitor 
of AR nuclear localization, was well tolerated in a phase II clinical trial, resulting in a 35% 
CBR at 16 weeks and a median PFS of 14% [34]. The use of seviteronel, a dual lyase-selective 
CYP17 inhibitor and AR antagonist in a phase II trial in AR+TNBC patients was also well 
tolerated [35], and more studies on the drug are underway. Table 3 shows a summary of the 
clinical trials on AR drugs in TNBC patients.
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Table 3. Phase II and III clinical trials ongoing on anti-androgen drugs in triple negative breast cancer patients
Treatment Other treatments Status/key achievement Identifier
Bicalutamide Physician's choice, bicalutamide Phase III, R NCT03055312

Physician's choice, bicalutamide Phase II, U NCT02353988
None Phase II, T (slow enrolment of patients) NCT02348281

Enzalutamide Paclitaxel Phase IIb, R NCT02689427
None Phase II, ANR NCT01889238
None Phase II, ANR NCT02750358

Enobosarm Pembrolizumab Phase II, R NCT02971761
None Phase II, T (lack of efficacy) NCT02368691

Seviteronel None Phase II, C NCT02130700
CR1447 None Phase II, ANR NCT02067741
Darolutamide Capecitabine Phase II, R NCT03383679
Orteronel None Phase II, R NCT01990209
R = recruiting; U = unknown; T =terminated; ANR = active, not recruiting; C = completed.
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Heat shock protein 90 (HSP90)
HSP90 is one of the most common members of HSP class of chaperones which is involved in 
many important signaling pathways including those that are implicated in BC progression. 
Owing to its wide range of action on important proteins, inhibition of HSP90 could be very 
beneficial. The effects of known inhibitors of HSP90 is reviewed in [36]. In vitro studies have 
shown that compared to BL or mesenchymal cell lines, the LAR class of TNBC cell lines 
are more sensitive to the HSP90 inhibitor, 17-DMAG [2]. In the latest phase II clinical trial 
on the single agent ganetespib, good tolerability and regression of lung tumor metastases 
in TNBC patients was observed, yet it failed to meet the expected end point of ORR [37]. 
Ganetespib is no longer available and hence the other clinical trial on ganetespib was 
terminated (NCT02637375). A clinical trial of onalespib in combination with talazoparib 
(PARPi) was withdrawn (NCT02627430), but the organizers of this trial are recruiting for 
a different clinical trial to test the combination of paclitaxel (NCT02474173) and onalespib 
(NCT02898207). The future application of this group of drugs remains unclear.

Cyclin-dependent kinases (CDKs)
CDKs are tightly controlled regulators of cell cycle and transcriptional machinery. Aberrant 
expression of CDKs, such as CDK4 and CDK6, is one of the characteristics of many tumors and 
in TNBC. Various inhibitors of CDKs have been successfully tested in in vivo and in vitro TNBC 
models with promising results. A phase I clinical trial on dinaciclib, a pan-CDK inhibitor, in 
combination with epirubicine (dinaciclib 20 mg/m2 in day 1 and epirubicine 75 mg/m2 on day 
2 of a 3-week cycle) in 9 mTNBC patients, was closed due to toxicity issues [38]. Dinaciclib is 
currently in another phase I clinical trial in combination with pembrolizumab (NCT01676753). 
However, other agents in this group are in phase II clinical trials: trilaciclib, an inhibitor of 
CDK4/6 (NCT02978716), ribociclib, an inhibitor of CDK6 and cyclin D1/CDK4 (NCT03090165), 
PF-06873600 (NCT03519178) and abemaciclib, inhibitors of CDK2/4 (NCT03130439).

Proteins involved in apoptosis
Programmed cell death or apoptosis is a tightly controlled process. Dysregulation in 
apoptosis results in uncontrolled cell proliferation in cancer. Inhibitors of apoptosis proteins 
(IAPs) are endogenously produced to inhibit apoptosis. Second mitochondrial-derived 
activator of caspase (SMAC) is a mitochondrial protein which binds to IAPs, facilitating 
apoptosis in the cells. The SMAC mimetic LCL161 is an orally bioavailable small molecule 
which is under investigation for use in TNBC patients. In a study, a TNFα-based gene 
expression signature (GS) which is predictive of sensitivity to LCL161 was used and evaluated 
as a clinical assay. The results of this phase II clinical trial on adding LCL161 to paclitaxel 
in TNBC patients showed that patients who received the combination therapy had a higher 
(38.2%) pCR compared to the control (17.2%) GS-positive group. This study also revealed an 
array of adverse effects in the combination group, suggesting the importance of biomarker-
driven targeted therapy approach for these patients [39]. LCL161 in combination with 
PDR001 (anti PD-1) is currently in phase Ib clinical trials in TNBC patients (NCT02890069).

Other intracellular targets are summarized in Table 4. These include inducible nitric oxide 
synthase, bromodomain and extra-terminal, cyclooxygenase-2 and mitotic protein kinases. 
TNBC has a high proliferation rate. Certain protein kinases were found to be important in 
the oncogenic transformation of TNBC. Important mitotic protein kinases in TNBC include 
polo-like kinase, aurora, dual specificity protein kinase TTK, never in mitosis A-related 
kinases and Src tyrosine kinases. These kinases generally phosphorylate either tyrosine, 
serine/threonine or all these 3 amino acids, known as dual-specificity protein kinases.

349https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://clinicaltrials.gov/ct2/show/NCT02637375
http://clinicaltrials.gov/ct2/show/NCT02627430
http://clinicaltrials.gov/ct2/show/NCT02474173
http://clinicaltrials.gov/ct2/show/NCT02898207
http://clinicaltrials.gov/ct2/show/NCT01676753
http://clinicaltrials.gov/ct2/show/NCT02978716
http://clinicaltrials.gov/ct2/show/NCT03090165
http://clinicaltrials.gov/ct2/show/NCT03519178
http://clinicaltrials.gov/ct2/show/NCT03130439
http://clinicaltrials.gov/ct2/show/NCT02890069
https://ejbc.kr


Phosphoinositide 3-kinase (PI3K)/AKT/mammalian target of rapamycin 
(mTOR) pathway
PI3K is a signal transducer downstream of activated receptor tyrosine kinases (RTKs). The 
signaling pathway of PI3K is in association with AKT and mTOR, known as the PI3K/AKT/
mTOR pathway (Figure 2). This pathway is activated in 10%–21% of TNBCs [40] and plays 
a role in cell cycle regulation, cell proliferation and quiescence. Activated mTOR is also 
implicated in the regulation of cell metabolism and migration. Inhibition of this pathway 
is achieved by inhibitors of PI3K, AKT or mTOR. Inhibitors of PI3K including CUDC-907, 
AZD8186, taselisib, BKM120, BYL719, BEZ235, GDC-0941, PQR309 and gedatolisib are in 
phase I clinical trials for TNBC. Likewise, most of the AKT inhibitors including AZD5363, 
ONC201, ARQ 092, ritonavir and GSK2141795 are also in phase I or II clinical trials.

The phase II clinical trial on MK2206 was terminated due to toxicity and no significant 
decline in pAKT [41]. Ipatasertib in combination with paclitaxel increased the PFS (by 
1.3 months, p = 0.037) in a phase II clinical trial [42] and is currently in 2 other phase II 
(NCT03337724) and II/III (NCT02162719) clinical trials in combination with paclitaxel. 
ONC201, an AKT/ERK inhibitor, is in a phase II clinical trial in a methionine-restricted diet 
(NCT03733119).

Inhibitors of mTOR are an important class of inhibitors in this pathway. Everolimus is an 
mTOR inhibitor which, in combination with carboplatin in mTNBC patients in a phase II 
clinical trial, showed efficacy with 36% CBR (95% CI, 21.1%–54.4%), 3 months median 
PFS (95% CI, 1.6–4.6) and 16.6 months OS (95% CI, 7.3–not reached). Hemotoxicity, as the 
dose limiting factor and was observed with carboplatin AUC5/6 but not with AUC4 [43]. In a 
more recent phase II study of cisplatin, paclitaxel with or without everolimus in stage II and 
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Table 4. Promising molecular targets generally at preclinical or phase I clinical trial studies
Target Importance/role in TNBC Examples of drug candidates References
Intracellular targets

iNOS Correlated with aggressiveness and poor prognosis L-NMMA [79,80]
BET Regulation of PD-1/PD-L1 axis OTX015* [81]
COX-2 Associated with TNBC and poor prognosis Indomethacin*, celecoxib*, enteric-coated aspirin* [82,83]
TGF-β signalling Plays a role in EMT and metastasis Zerumbone, silibinin, metformin [84-86]

Mitotic tyrosine kinases
PlK Overexpressed PlK1 BI-2536, BI-6727 [87]
Aurora Mutated/over-expressed ENMD-2076*, MLN8237* [88,89]
TTK Overexpressed, associated with poor survival and 

aggressiveness of the breast tumour, poor chemotherapy 
response and relapse

BOS172722* [90-92]

NIMA Over-expressed [93]
Src Active in TNBC, affecting cell migration and EMT Dasatinib* [94]

Cell surface targets
Notch and Jagged Higher expression of Notch-1 and Jag-1, associated with poor 

prognosis of TNBC
PF-03084014, Notch-1 siRNA [95]

Aquaporin 1 Highly expressed and correlated with TNBC, poor prognosis, 
higher tumour grade

AqB013, AqB050 [96-99]

WNT receptors Upregulated involved in WNT/β-catenin signalling LGK974* [100]
CSF-1R Overexpression is correlated with poor prognosis and more 

tumour invasiveness and metastasis
MCS110* [101]

CSPG4 TNBC metastasis and angiogenesis Novel CFP [102]
PD-1 = programmed cell death protein 1; PD-L1 = programmed death-ligand 1; iNOS = inducible nitric oxide synthase; BET = bromodomain and extra-terminal; 
COX-2 = cyclooxygenase-2; TNBC = triple negative breast cancer; TGF-β = transforming growth factor-beta; EMT = epithelial-to-mesenchymal transition; PlK = 
polo-like kinase; TTK = dual specificity protein kinase; NIMA = never in mitosis A-related kinases; CSPG4 = chondroitin sulfate proteoglycan 4; CFP = cytolytic 
fusion protein; CSF1R = colony stimulating factor 1 receptor.
*The drugs at clinical trial are marked with asterisk.
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III TNBC patients, the combination of paclitaxel and cisplatin was well tolerated with 50% 
complete responses. Everolimus increased the adverse event profile of this combination 
and did not improve the desirable clinical responses [44]. Everolimus is currently in 
another phase II study with paclitaxel, 5-fluorouracil, epirubicin, and cyclophosphamide 
(NCT00499603). Temsirolimus, another mTOR inhibitor, was well tolerated in combination 
with cisplatin and erlotinib [45] and was investigated in another phase I study in combination 
with neratinib (NCT01111825). AZD2014 is also in phase I/II clinical trial (NCT02208375).

RAF-MEK-ERK pathway
TNBC is the only subtype of BC that has a higher expression of various genes involved in the 
Raf/MEK/ERK pathway [46], highlighting the importance of targeting this signaling pathway in 
TNBC (Figure 2). An analysis of reprogramming of the kinome in 9 TNBC patients showed that 
targeting MEK in these patients might be a valuable option and pre- and post- administration 
of trametinib, a MEK1/2 inhibitor, showed that BL and claudin-low tumors responded 
differently to the treatment, with BL tumors showing more upregulation and activation of 
RTKs (NCT01467310) [47]. This drug alone or in combination with the an AKT inhibitor, 
GSK2141795, was tested in a clinical trial (NCT01138085) and showed limited efficacy in 50 
TNBC patients. Only 2 patients in the first group had a partial response and one had stable 
disease after 8 cycles [48]. The same combination is being tested in a different clinical trial 
(NCT01964924). The other clinical trial still recruiting includes trametinib in combination 
with spartalizumab (anti-PD-1) (NCT02900664). Trials of selumetinib in combination with 
chemotherapy agents (NCT02685657), in combination with paclitaxel and durvalumab 
(NCT03742102), or in combination with the mTOR inhibitor, AZD2014 (NCT02583542) are also 
recruiting. MEK162, another MEK inhibitor, completed clinical trial testing in combination 
with BKM120 (NCT01363232) and BEZ235 (NCT01337765), with no posted results.

351https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

JAK
JAK

JAK

STAT
Ras

PI3K

Raf

MEK

Transcription

GPCR

IL receptor RTK

ERK

AKT

mTOR
Cell proliferation
Mammary gland development
Decreased apoptosis

Cell cycle progression
Cell proliferation

Cell cycle regulation
Cell proliferation
Cell metabolism
Cell migration

Figure 2. Major druggable signaling pathways with significant roles in triple negative breast cancer. 
JAK = Janus kinase; IL = interleukin; RTK = receptor tyrosine kinase; PI3K = phosphoinositide 3-kinase; GPCR = G 
protein-coupled receptor; mTOR = mammalian target of rapamycin.
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Janus kinase (JAK)
JAK proteins are a family of 4 tyrosine kinases involved in the JAK-STAT pathway (Figure 2). 
This pathway, along with its various roles, alters the transcription of genes involved in cell 
proliferation, mammary glands development during the puberty and pregnancy and cancers. 
Studies have shown that TNBC tumors are enriched with the amplicon of JAK2 [49] and 
that the subsets of TNBC with amplified JAK2 are more sensitive to the effects of specific 
inhibitors [50]. Ruxolitinib is an important inhibitor of JAK1 and JAK2, approved by FDA for 
the treatment of myelofibrosis. Given the effects of this drug and the importance of JAK2 in 
TNBC, currently, 3 clinical trials focusing on this signaling pathway are currently underway. 
These include using ruxolitinib combination with pembrolizumab in advanced TNBC 
patients (NCT03012230), in combination with paclitaxel, doxorubicin or cyclophosphamide 
(NCT02876302), and in combination with paclitaxel for the treatment of triple negative 
inflammatory BC (NCT02041429).

CELL SURFACE TARGETS

Vascular endothelial growth factor receptor 2 (VEGFR2)
VEGFR2, an RTK and a key mediator of angiogenesis is implicated in BC pathogenesis. 
VEGF, the ligand to VEGFR2, has prognostic importance in TNBC. Sixty percent of TNBCs 
show high VEGF-A expression and the prognosis of this group of patients is even worse, with 
less than 5 years of survival [51], along with metastasis and poor treatment responses [52]. 
Mesenchymal stem-like TNBC tumors express higher levels of VEGF-C [53]. The expression 
of VEGFR2 is linked to TNBC, tumor invasion and metastasis [54]. Inhibition of this pathway 
would include blocking the activation of the VEGF receptor by neutralizing VEGF (e.g., 
bevacizumab), blocking the receptor (e.g., ramucirumab), using receptor mimetics (e.g., 
aflibercept), or using small molecule tyrosine kinase inhibitors that have a wide spectrum of 
action on RTKs (e.g., sorafenib).

Bevacizumab, a monoclonal antibody, was withdrawn for use in BC by the FDA, following 2 
trials showing increased toxicity and no survival benefit in HER2 negative BC [55]. However, 
it was tested in adjuvant/neoadjuvant settings and clinical trials in TNBC have suggested 
an improved pCR [16,56], although, the long-term outcomes of adding bevacizumab to 
chemotherapy regimens is still unclear [16]. The primary results of a phase III clinical trial 
on invasive BC patients receiving bevacizumab as an adjuvant drug did not improve the OS 
of the patients [57]. Docetaxel, carboplatin and bevacizumab were administered to stage II/
III TNBC patients (phase II). Encouragingly, positive results were observed including positive 
pCR and clinical response of 42% and 96%, for stage II and stage III TNBC, respectively [58]. 
Bevacizumab plus chemotherapy (epirubicin, cyclophosphamide, docetaxel) was studied in 
another phase III clinical trial of 678 TNBC patients in the neoadjuvant setting. The pCR in 
the combination vs chemotherapy only groups were 39.3% vs. 27.9%, and the OR, 1.73 (95% 
CI, 2.3–2.42; p = 0.002). This study showed a significant improvement in pCR in the patients 
that received bevacizumab [59].

Bevacizumab was also tested in patients with metastatic tumors. A phase III clinical 
trial on HER2 negative metastatic breast tumors receiving chemotherapy (capecitabine, 
anthracycline, taxane) with or without bevacizumab showed that the combination group 
had a longer median PFS, but this was not statistically significant [60]. The other phase 
II study on mTNBC patients receiving second-line chemotherapy (taxane, gemcitabine, 
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capecitabine, or vinorelbine) with bevacizumab showed a median PFS of 6 months in the 
combination group vs. 2.7 months in the chemotherapy alone group. Likewise, the median 
OS (17.9 months and 12.6 months, respectively) and ORR (41% and 18%, respectively) was 
also improved with bevacizumab [61]. Nab-paclitaxel, carboplatin and bevacizumab were 
administered to mTNBC patients in a phase II study. These combinations showed a median 
PFS of 9.2 months (95% CI, 7.8–25.1), an ORR of 85% (95% CI, 69–95), a CBR of 94% (95% 
CI, 80–99), and was well-tolerated [62].

The results of other completed phase II clinical trials including bevacizumab (NCT00608972, 
NCT00472693, NCT01094184, NCT02456857, and NCT00861705) have not yet been 
reported. Ramucirumab is a similar drug currently in a phase III clinical trial with docetaxel 
(NCT00703326). Small tyrosine kinase inhibitors like sorafenib (NCT02624700) and lenvatiniv 
(NCT03797326) are in phase II clinical trials. Data on the effects of lucitanib has not yet been 
reported (NCT02202746). In a phase II study on previously treated advanced TNBC patients 
sunitinib did not improve efficacy in comparison with single-agent standard-of-care [63].

Epidermal growth factor receptor (EGFR)
EGFR has important roles in the survival of many solid tumors, including tumor metastasis, 
cell cycle progression, cell proliferation, differentiation, angiogenesis and apoptosis. At least 
50% of TNBCs overexpress EGFR [64] which is negatively correlated with patient survival [65]. 
Two classes of EGFR inhibitors are currently available, including small molecule tyrosine kinase 
inhibitors, such as gefitinib and erlotinib, and monoclonal antibodies, such as cetuximab 
(SCT200). Gefitinib (NCT01732276) and afatinib (NCT02511847) are both registered for 
clinical trials (unknown status). Erlotinib in combination with paclitaxel albumin-stabilized 
nanoparticle formulation and bevacizumab in a phase II study was well-tolerated. The expected 
PFS was not reached but clinical benefit in most patients was achieved [66].

Cetuximab is an anti-EGFR antibody, which has been trialed in several early phase studies 
in TNBC with only modest benefit. Ixabepilone alone and in combination with cetuximab 
was tested in 77 advanced TNBC patients. The combination group had 35.9% ORR (95% CI, 
21.2–52.8) vs. 30% (95% CI, 16.6–46.5) in the monotherapy group. Median PFS was equal in 
both groups (4.1 months) and overall, both groups showed similar clinical results [67]. In 
another phase II clinical study, cisplatin alone or in combination with cetuximab showed an 
of ORR 20% (95% CI, 13–29) in the combination group and 10% in the monotherapy group 
(95% CI, 4–21). Cetuximab improved PFS (3.7 months vs. 1.5 months) and OS (12.9 months 
vs. 9.4 months). Yet the primary endpoints of the study were not met [68]. Cetuximab plus 
docetaxel was tested in another phase II clinical trial showing modest activity and acceptable 
toxicity. The study showed a 24% pCR rate (95% CI, 7.3–40.7) and 22% complete clinical 
response rate [69]. Cetuximab plus irinotecan was tested in another phase II clinical trial on 
BC patients with 58% being TNBC. The combination was tolerable but showed low overall 
activity. The treatment resulted in 11% ORR (95% CI, 1–33), one partial response and one 
complete response. TNBC patients had 18% response rate vs. no response in non-TNBC. 
The median time to progression and median OS was 1.4 months (95% CI, 1.0–2.2) and 9.4 
months (95% CI, 2.8–16.1), respectively [70].

Fibroblast growth factor receptor (FGFR)
FGFR is another RTKs protein of which there are 5 (FGFR1–5). A total 4% of TNBCs 
overexpress FGFR2. FGFR1 and FGFR2 are reported to account for about 16 and 13% of 
TNBC patients [71]. Expression of FGFR2 could be considered as an independent prognostic 
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factor of OS in TNBC patients [72]. Therefore, small molecule tyrosine kinase inhibitors or 
monoclonal antibodies (e.g., IM-412) may be applicable in certain types of TNBC [73].

Trophoblast antigen 2 (Trop-2)
Trop-2 is a cell surface receptor and an epithelial glycoprotein-1, involved in various aspects 
of cancer including cancer cell proliferation, EMT, migration, invasion and metastasis. 
Overexpression of Trop-2 is common in TNBC [74]. Irinotecan is a prodrug to the 
topoisomerase I inhibitor, SN-38. Sacituzumab govitecan-hziy (or IMMU-132 or hRS7-SN-38) 
is a conjugate of SN-38 and humanized anti-trop-2 monoclonal antibody. This drug (10 mg/
kg) was studied in a phase I/II clinical trial on 108 TNBC patients who had received 2–10 
therapies and was associated with durable objective responses. The response rate was 33.3% 
(95% CI, 24.6–43.1) of which 1 had a complete response and 33 had partial responses. The 
median PFS and OS were 5.5 months (95% CI, 4.1–6.3) and 13.0 months (95% CI, 11.2–13.7), 
respectively, with the CBR of 45.4%. The main adverse reactions were myelotoxic effects 
[75]. The efficacy of sacituzumab govitecan in mTNBC patients refractory or relapsing 
after at least 2 prior chemotherapies is currently being tested in a phase III clinical trial. 
Approximately 150 institutions across the United States and Europe are involved in this 
clinical trial (NCT02574455). The drug is also being tested in another phase I/II clinical trial 
in various tumors including TNBC (NCT01631552). The other preclinical compound under 
investigation, is anti-Trop-2 conjugated with a nano-carrier-linked with doxorubicin.

Glycoprotein non-metastatic B (GPNMB)
GPNMB, or osteoactivin, is a type I transmembrane glycoprotein, which is overexpressed in 
40%–60% of BCs [76], associated with triple-negativity [77] and poor patient outcome [77]. 
CDX-101 or glembatumumab vedotin, an antibody targeting GPNMB, in a phase I/II study on 42 
patients with locally advanced or metastatic BC showed an acceptable safety profile [76]. Out 
of these patients 16 out of 19 were GPNMB+. The overall median PFS was 9.1, 17.9 and 18 weeks 
for all patients, TNBC patients and GPNMB+ patients, respectively [76]. Yet, despite being 
well tolerated, the drug alone could not meet the endpoint of ORR in a different phase II study 
[78]. In this study with 124 patients, more than 25% of the tumors were GPNMB+ and the ORR 
was 30% (7 of 23) in the glembatumumab vedotin group vs. 9% in the chemotherapy group. In 
TNBC patients, the ORR was 18% vs. 0%, and in GPNMP overexpressing TNBC patients, it was 
40% vs. 0%, respectively. The results of another phase II clinical trial on the effect of CDX-011 in 
patients with metastatic GPNMB overexpressing TNBC is not yet published.

CONCLUSION

The development targeted therapy of TNBC is still a challenge that is being investigated by 
many cancer researchers around the world with the hope of finding improved treatment 
regimens for these patients. Due to the high rate of PD-1 expression in TNBC patients, the 
immune system has been uncovered as a major contributing factor to TNBC pathogenesis as 
revealed by newer TNBC classifications, and the success rate of drugs in this category, today, 
much attention is paid to immune checkpoint modulators, especially anti-PD-1 and anti-PD-L1 
agents. Favorable clinical response rates of phase III studies on PARPi and platinum salts are 
impressive, and due to the high rate of mutations in p53, the ongoing clinical trials on CDK 
and ATR inhibitors might lead to phase III clinical trials. Inhibitors of VEGFR2 are also in 
phase III clinical trials, and anti-androgen drugs, due to specific application in LAR TNBC 
patients, are attracting some attention. There are many drugs in phase I, II and III clinical 
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trials, investigating novel molecules either alone or in combination with other novel agents or 
standard chemotherapeutics that are promising for improved clinical outcomes. The results 
of these studies may pave the way for researchers and open new doors for better treatment and 
improvement in outcomes of TNBC patients. However, there are many completed clinical trials 
with no accessible published data, placing the outcomes under question.

REFERENCES

	 1.	Andreopoulou E, Schweber SJ, Sparano JA, McDaid HM. Therapies for triple negative breast cancer. 
Expert Opin Pharmacother 2015;16:983-98. 
PUBMED | CROSSREF

	 2.	Lehmann BD, Bauer JA, Chen X, Sanders ME, Chakravarthy AB, Shyr Y, et al. Identification of human 
triple-negative breast cancer subtypes and preclinical models for selection of targeted therapies. J Clin 
Invest 2011;121:2750-67. 
PUBMED | CROSSREF

	 3.	Burstein MD, Tsimelzon A, Poage GM, Covington KR, Contreras A, Fuqua SA, et al. Comprehensive 
genomic analysis identifies novel subtypes and targets of triple-negative breast cancer. Clin Cancer Res 
2015;21:1688-98. 
PUBMED | CROSSREF

	 4.	 Jézéquel P, Loussouarn D, Guérin-Charbonnel C, Campion L, Vanier A, Gouraud W, et al. Gene-
expression molecular subtyping of triple-negative breast cancer tumours: importance of immune 
response. Breast Cancer Res 2015;17:43. 
PUBMED | CROSSREF

	 5.	Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, et al. Atezolizumab and nab-
paclitaxel in advanced triple-negative breast cancer. N Engl J Med 2018;379:2108-21. 
PUBMED | CROSSREF

	 6.	Schalper KA, Velcheti V, Carvajal D, Wimberly H, Brown J, Pusztai L, et al. In situ tumor PD-L1 mRNA 
expression is associated with increased TILs and better outcome in breast carcinomas. Clin Cancer Res 
2014;20:2773-82. 
PUBMED | CROSSREF

	 7.	Adams S, Schmid P, Rugo HS, Winer EP, Loirat D, Awada A, et al. Pembrolizumab monotherapy for 
previously treated metastatic triple-negative breast cancer: cohort A of the phase II KEYNOTE-086 study. 
Ann Oncol 2019;30:397-404. 
PUBMED | CROSSREF

	 8.	Buchbinder EI, Desai A. CTLA-4 and PD-1 pathways: similarities, differences, and implications of their 
inhibition. Am J Clin Oncol 2016;39:98-106. 
PUBMED | CROSSREF

	 9.	Bottai G, Raschioni C, Losurdo A, Di Tommaso L, Tinterri C, Torrisi R, et al. An immune stratification 
reveals a subset of PD-1/LAG-3 double-positive triple-negative breast cancers. Breast Cancer Res 2016;18:121. 
PUBMED | CROSSREF

	 10.	Du W, Yang M, Turner A, Xu C, Ferris RL, Huang J, et al. TIM-3 as a target for cancer immunotherapy and 
mechanisms of action. Int J Mol Sci 2017;18:E645. 
PUBMED | CROSSREF

	 11.	Noman AS, Uddin M, Rahman MZ, Nayeem MJ, Alam SS, Khatun Z, et al. Overexpression of sonic 
hedgehog in the triple negative breast cancer: clinicopathological characteristics of high burden breast 
cancer patients from Bangladesh. Sci Rep 2016;6:18830. 
PUBMED | CROSSREF

	 12.	Habib JG, O'Shaughnessy JA. The hedgehog pathway in triple-negative breast cancer. Cancer Med 
2016;5:2989-3006. 
PUBMED | CROSSREF

	 13.	 Isakoff SJ, Mayer EL, He L, Traina TA, Carey LA, Krag KJ, et al. TBCRC009: a multicenter phase II clinical 
trial of platinum monotherapy with biomarker assessment in metastatic triple-negative breast cancer. J 
Clin Oncol 2015;33:1902-9. 
PUBMED | CROSSREF

	 14.	Zhang J, Wang Z, Hu X, Wang B, Wang L, Yang W, et al. Cisplatin and gemcitabine as the first line therapy 
in metastatic triple negative breast cancer. Int J Cancer 2015;136:204-11. 
PUBMED | CROSSREF

355https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/25881743
https://doi.org/10.1517/14656566.2015.1032246
http://www.ncbi.nlm.nih.gov/pubmed/21633166
https://doi.org/10.1172/JCI45014
http://www.ncbi.nlm.nih.gov/pubmed/25208879
https://doi.org/10.1158/1078-0432.CCR-14-0432
http://www.ncbi.nlm.nih.gov/pubmed/25887482
https://doi.org/10.1186/s13058-015-0550-y
http://www.ncbi.nlm.nih.gov/pubmed/30345906
https://doi.org/10.1056/NEJMoa1809615
http://www.ncbi.nlm.nih.gov/pubmed/24647569
https://doi.org/10.1158/1078-0432.CCR-13-2702
http://www.ncbi.nlm.nih.gov/pubmed/30475950
https://doi.org/10.1093/annonc/mdy517
http://www.ncbi.nlm.nih.gov/pubmed/26558876
https://doi.org/10.1097/COC.0000000000000239
http://www.ncbi.nlm.nih.gov/pubmed/27912781
https://doi.org/10.1186/s13058-016-0783-4
http://www.ncbi.nlm.nih.gov/pubmed/28300768
https://doi.org/10.3390/ijms18030645
http://www.ncbi.nlm.nih.gov/pubmed/26727947
https://doi.org/10.1038/srep18830
http://www.ncbi.nlm.nih.gov/pubmed/27539549
https://doi.org/10.1002/cam4.833
http://www.ncbi.nlm.nih.gov/pubmed/25847936
https://doi.org/10.1200/JCO.2014.57.6660
http://www.ncbi.nlm.nih.gov/pubmed/24824628
https://doi.org/10.1002/ijc.28966
https://ejbc.kr


	 15.	Tutt A, Tovey H, Cheang MC, Kernaghan S, Kilburn L, Gazinska P, et al. Carboplatin in BRCA1/2-mutated 
and triple-negative breast cancer BRCAness subgroups: the TNT Trial. Nat Med 2018;24:628-37. 
PUBMED | CROSSREF

	 16.	Sikov WM, Berry DA, Perou CM, Singh B, Cirrincione CT, Tolaney SM, et al. Impact of the addition 
of carboplatin and/or bevacizumab to neoadjuvant once-per-week paclitaxel followed by dose-dense 
doxorubicin and cyclophosphamide on pathologic complete response rates in stage II to III triple-
negative breast cancer: CALGB 40603 (Alliance). J Clin Oncol 2015;33:13-21. 
PUBMED | CROSSREF

	 17.	Robson M, Im SA, Senkus E, Xu B, Domchek SM, Masuda N, et al. Olaparib for metastatic breast cancer 
in patients with a germline BRCA mutation. N Engl J Med 2017;377:523-33. 
PUBMED | CROSSREF

	 18.	Robson ME, Tung N, Conte P, Im SA, Senkus E, Xu B, et al. OlympiAD final overall survival and 
tolerability results: olaparib versus chemotherapy treatment of physician's choice in patients with a 
germline BRCA mutation and HER2-negative metastatic breast cancer. Ann Oncol 2019;30:558-66. 
PUBMED | CROSSREF

	 19.	Lee JM, Hays JL, Chiou VL, Annunziata CM, Swisher EM, Harrell MI, et al. Phase I/Ib study of olaparib and 
carboplatin in women with triple negative breast cancer. Oncotarget 2017;8:79175-87.
PUBMED

	 20.	Dent RA, Lindeman GJ, Clemons M, Wildiers H, Chan A, McCarthy NJ, et al. Phase I trial of the oral 
PARP inhibitor olaparib in combination with paclitaxel for first- or second-line treatment of patients with 
metastatic triple-negative breast cancer. Breast Cancer Res 2013;15:R88. 
PUBMED | CROSSREF

	 21.	Litton JK, Rugo HS, Ettl J, Hurvitz SA, Gonçalves A, Lee KH, et al. Talazoparib in patients with advanced 
breast cancer and a germline BRCA mutation. N Engl J Med 2018;379:753-63. 
PUBMED | CROSSREF

	 22.	Puhalla S, Beumer JH, Pahuja S, Appleman LJ, Tawbi HA, Stoller RG, et al. Final results of a phase 1 study 
of single-agent veliparib (V) in patients (pts) with either BRCA1/2-mutated cancer (BRCA+), platinum-
refractory ovarian, or basal-like breast cancer (BRCA-wt). J Clin Oncol 2014;32:2570. 
PUBMED | CROSSREF

	 23.	Rodler ET, Kurland BF, Griffin M, Gralow JR, Porter P, Yeh RF, et al. Phase I study of veliparib (ABT-
888) combined with cisplatin and vinorelbine in advanced triple-negative breast cancer and/or BRCA 
mutation–associated breast cancer. Clin Cancer Res 2016;22:2855-64. 
PUBMED | CROSSREF

	 24.	Loibl S, O'Shaughnessy J, Untch M, Sikov WM, Rugo HS, McKee MD, et al. Addition of the PARP inhibitor 
veliparib plus carboplatin or carboplatin alone to standard neoadjuvant chemotherapy in triple-negative 
breast cancer (BrighTNess): a randomised, phase 3 trial. Lancet Oncol 2018;19:497-509. 
PUBMED | CROSSREF

	 25.	Cao C, Vasilatos SN, Bhargava R, Fine JL, Oesterreich S, Davidson NE, et al. Functional interaction 
of histone deacetylase 5 (HDAC5) and lysine-specific demethylase 1 (LSD1) promotes breast cancer 
progression. Oncogene 2017;36:133-45. 
PUBMED | CROSSREF

	 26.	Tan WW, Allred JB, Moreno-Aspitia A, Northfelt DW, Ingle JN, Goetz MP, et al. Phase I study of 
panobinostat (LBH589) and letrozole in postmenopausal metastatic breast cancer patients. Clin Breast 
Cancer 2016;16:82-6. 
PUBMED | CROSSREF

	 27.	Connolly RM, Li H, Jankowitz RC, Zhang Z, Rudek MA, Jeter SC, et al. Combination epigenetic therapy in 
advanced breast cancer with 5-azacitidine and entinostat: a Phase II National Cancer Institute/Stand Up to 
Cancer Study. Clin Cancer Res 2017;23:2691-701. 
PUBMED | CROSSREF

	 28.	Hirshfield KM, Ganesan S. Triple-negative breast cancer: molecular subtypes and targeted therapy. Curr 
Opin Obstet Gynecol 2014;26:34-40. 
PUBMED | CROSSREF

	 29.	Blum JL, Gonçalves A, Efrat N, Debled M, Conte P, Richards PD, et al. A phase II trial of trabectedin 
in triple-negative and HER2-overexpressing metastatic breast cancer. Breast Cancer Res Treat 
2016;155:295-302. 
PUBMED | CROSSREF

	 30.	Hu R, Dawood S, Holmes MD, Collins LC, Schnitt SJ, Cole K, et al. Androgen receptor expression and 
breast cancer survival in postmenopausal women. Clin Cancer Res 2011;17:1867-74. 
PUBMED | CROSSREF

356https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/29713086
https://doi.org/10.1038/s41591-018-0009-7
http://www.ncbi.nlm.nih.gov/pubmed/25092775
https://doi.org/10.1200/JCO.2014.57.0572
http://www.ncbi.nlm.nih.gov/pubmed/28578601
https://doi.org/10.1056/NEJMoa1706450
http://www.ncbi.nlm.nih.gov/pubmed/30689707
https://doi.org/10.1093/annonc/mdz012
http://www.ncbi.nlm.nih.gov/pubmed/29108297
http://www.ncbi.nlm.nih.gov/pubmed/24063698
https://doi.org/10.1186/bcr3484
http://www.ncbi.nlm.nih.gov/pubmed/30110579
https://doi.org/10.1056/NEJMoa1802905
http://www.ncbi.nlm.nih.gov/pubmed/30110579
https://doi.org/10.1056/NEJMoa1802905
http://www.ncbi.nlm.nih.gov/pubmed/26801247
https://doi.org/10.1158/1078-0432.CCR-15-2137
http://www.ncbi.nlm.nih.gov/pubmed/29501363
https://doi.org/10.1016/S1470-2045(18)30111-6
http://www.ncbi.nlm.nih.gov/pubmed/27212032
https://doi.org/10.1038/onc.2016.186
http://www.ncbi.nlm.nih.gov/pubmed/26774555
https://doi.org/10.1016/j.clbc.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27979916
https://doi.org/10.1158/1078-0432.CCR-16-1729
http://www.ncbi.nlm.nih.gov/pubmed/24346128
https://doi.org/10.1097/GCO.0000000000000038
http://www.ncbi.nlm.nih.gov/pubmed/26749361
https://doi.org/10.1007/s10549-015-3675-x
http://www.ncbi.nlm.nih.gov/pubmed/21325075
https://doi.org/10.1158/1078-0432.CCR-10-2021
https://ejbc.kr


	 31.	He J, Peng R, Yuan Z, Wang S, Peng J, Lin G, et al. Prognostic value of androgen receptor expression in 
operable triple-negative breast cancer: a retrospective analysis based on a tissue microarray. Med Oncol 
2012;29:406-10. 
PUBMED | CROSSREF

	 32.	Tang D, Xu S, Zhang Q, Zhao W. The expression and clinical significance of the androgen receptor and 
E-cadherin in triple-negative breast cancer. Med Oncol 2012;29:526-33. 
PUBMED | CROSSREF

	 33.	Gucalp A, Tolaney S, Isakoff SJ, Ingle JN, Liu MC, Carey LA, et al. Phase II trial of bicalutamide in patients 
with androgen receptor-positive, estrogen receptor-negative metastatic Breast Cancer. Clin Cancer Res 
2013;19:5505-12. 
PUBMED | CROSSREF

	 34.	Traina TA, Miller KD, Yardley DA, O'Shaughnessy J, Cortés JT, de Valeriola D, et al. Results from a phase 
2 study of enzalutamide (ENZA), an androgen receptor (AR) inhibitor, in advanced AR+ triple-negative 
breast cancer (TNBC). J Clin Oncol 2015;33:1003. 
PUBMED | CROSSREF

	 35.	Bardia A, Dacosta NA, Gabrail NY, Lemon S, Danso MA, Ali HY, et al. Phase (Ph) 1 study of oral seviteronel (VT-
464), a dual CYP17-Lyase (L) inhibitor and androgen receptor (AR) antagonist, in patients (pts) with advanced 
AR+ triple negative (TNBC) or estrogen receptor (ER)+ breast cancer (BC). J Clin Oncol 2016;34:1088. 
PUBMED | CROSSREF

	 36.	Zagouri F, Sergentanis TN, Chrysikos D, Papadimitriou CA, Dimopoulos MA, Psaltopoulou T. Hsp90 
inhibitors in breast cancer: a systematic review. Breast 2013;22:569-78. 
PUBMED | CROSSREF

	 37.	 Jhaveri K, Chandarlapaty S, Lake D, Gilewski T, Robson M, Goldfarb S, et al. A phase II open-label study 
of ganetespib, a novel heat shock protein 90 inhibitor for patients with metastatic breast cancer. Clin 
Breast Cancer 2014;14:154-60. 
PUBMED | CROSSREF

	 38.	Mitri Z, Karakas C, Wei C, Briones B, Simmons H, Ibrahim N, et al. A phase 1 study with dose expansion 
of the CDK inhibitor dinaciclib (SCH 727965) in combination with epirubicin in patients with metastatic 
triple negative breast cancer. Invest New Drugs 2015;33:890-4. 
PUBMED | CROSSREF

	 39.	Bardia A, Parton M, Kümmel S, Estévez LG, Huang CS, Cortés J, et al. Paclitaxel With Inhibitor of 
Apoptosis Antagonist, LCL161, for Localized Triple-Negative Breast Cancer, Prospectively Stratified by 
Gene Signature in a Biomarker-Driven Neoadjuvant Trial. J Clin Oncol 2018:JCO2017748392. 
PUBMED | CROSSREF

	 40.	Cossu-Rocca P, Orrù S, Muroni MR, Sanges F, Sotgiu G, Ena S, et al. Analysis of PIK3CA mutations and 
activation pathways in triple negative breast cancer. PLoS One 2015;10:e0141763. 
PUBMED | CROSSREF

	 41.	Kalinsky K, Sparano JA, Zhong X, Andreopoulou E, Taback B, Wiechmann L, et al. Pre-surgical trial of the 
AKT inhibitor MK-2206 in patients with operable invasive breast cancer: a New York Cancer Consortium 
trial. Clin Transl Oncol 2018;20:1474-83. 
PUBMED | CROSSREF

	 42.	Kim SB, Dent R, Im SA, Espié M, Blau S, Tan AR, et al. Ipatasertib plus paclitaxel versus placebo plus 
paclitaxel as first-line therapy for metastatic triple-negative breast cancer (LOTUS): a multicentre, 
randomised, double-blind, placebo-controlled, phase 2 trial. Lancet Oncol 2017;18:1360-72. 
PUBMED | CROSSREF

	 43.	Singh J, Novik Y, Stein S, Volm M, Meyers M, Smith J, et al. Phase 2 trial of everolimus and carboplatin 
combination in patients with triple negative metastatic breast cancer. Breast Cancer Res 2014;16:R32. 
PUBMED | CROSSREF

	 44.	 Jovanović B, Mayer IA, Mayer EL, Abramson VG, Bardia A, Sanders ME, et al. A randomized phase II 
neoadjuvant study of cisplatin, paclitaxel with or without everolimus in patients with stage II/III triple-
negative breast cancer (TNBC): responses and long-term outcome correlated with increased frequency 
of DNA damage response gene mutations, TNBC subtype, AR status, and Ki67. Clin Cancer Res 
2017;23:4035-45. 
PUBMED | CROSSREF

	 45.	Maurer MA, Kalinsky K, Crew K, Jayasena R, Forman J, Lau YK, et al. Abstract 28: Phase I trial of 
combined temsirolimus, erlotinib, and cisplatin in advanced solid tumors. Cancer Res 2013;73:28. 
CROSSREF

	 46.	Hoeflich KP, O'Brien C, Boyd Z, Cavet G, Guerrero S, Jung K, et al. In vivo antitumor activity of MEK and 
phosphatidylinositol 3-kinase inhibitors in basal-like breast cancer models. Clin Cancer Res 2009;15:4649-64. 
PUBMED | CROSSREF

357https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/21264529
https://doi.org/10.1007/s12032-011-9832-0
http://www.ncbi.nlm.nih.gov/pubmed/21519872
https://doi.org/10.1007/s12032-011-9948-2
http://www.ncbi.nlm.nih.gov/pubmed/23965901
https://doi.org/10.1158/1078-0432.CCR-12-3327
http://www.ncbi.nlm.nih.gov/pubmed/23965901
https://doi.org/10.1158/1078-0432.CCR-12-3327
http://www.ncbi.nlm.nih.gov/pubmed/23965901
https://doi.org/10.1158/1078-0432.CCR-12-3327
http://www.ncbi.nlm.nih.gov/pubmed/23870456
https://doi.org/10.1016/j.breast.2013.06.003
http://www.ncbi.nlm.nih.gov/pubmed/24512858
https://doi.org/10.1016/j.clbc.2013.12.012
http://www.ncbi.nlm.nih.gov/pubmed/25947565
https://doi.org/10.1007/s10637-015-0244-4
http://www.ncbi.nlm.nih.gov/pubmed/30235087
https://doi.org/10.1200/JCO.2017.74.8392
http://www.ncbi.nlm.nih.gov/pubmed/26540293
https://doi.org/10.1371/journal.pone.0141763
http://www.ncbi.nlm.nih.gov/pubmed/29736694
https://doi.org/10.1007/s12094-018-1888-2
http://www.ncbi.nlm.nih.gov/pubmed/28800861
https://doi.org/10.1016/S1470-2045(17)30450-3
http://www.ncbi.nlm.nih.gov/pubmed/24684785
https://doi.org/10.1186/bcr3634
http://www.ncbi.nlm.nih.gov/pubmed/28270498
https://doi.org/10.1158/1078-0432.CCR-16-3055
https://doi.org/10.1158/1538-7445.AM2013-28
http://www.ncbi.nlm.nih.gov/pubmed/19567590
https://doi.org/10.1158/1078-0432.CCR-09-0317
https://ejbc.kr


	 47.	 Johnson GL, Amos KD, Duncan JS, Whittle M, Zawistowki J, Goulet D, et al. Kinome reprogramming 
response to MEK inhibition: a window-of-opportunity trial in triple-negative breast cancer (TNBC). J Clin 
Oncol 2013;31:512.
PUBMED | CROSSREF

	 48.	Ramaswamy B, Mrozek E, Lustberg M, Wesolowski R, Layman R, Abdel-Rasoul M, et al. Abstract LB-216: 
NCI 9455: Phase II study of trametinib followed by trametinib plus AKT inhibitor, GSK2141795 in patients 
with advanced triple negative breast cancer. Cancer Res 2016;76:LB-216. 
CROSSREF

	 49.	Barrett MT, Anderson KS, Lenkiewicz E, Andreozzi M, Cunliffe HE, Klassen CL, et al. Genomic 
amplification of 9p24.1 targeting JAK2, PD-L1, and PD-L2 is enriched in high-risk triple negative breast 
cancer. Oncotarget 2015;6:26483-93. 
PUBMED | CROSSREF

	 50.	Balko JM, Schwarz LJ, Luo N, Estrada MV, Giltnane JM, Dávila-González D, et al. Triple-negative breast 
cancers with amplification of JAK2 at the 9p24 locus demonstrate JAK2-specific dependence. Sci Transl 
Med 2016;8:334ra53. 
PUBMED | CROSSREF

	 51.	Bahhnassy A, Mohanad M, Shaarawy S, Ismail MF, El-Bastawisy A, Ashmawy AM, et al. Transforming 
growth factor-β, insulin-like growth factor I/insulin-like growth factor I receptor and vascular endothelial 
growth factor-A: prognostic and predictive markers in triple-negative and non-triple-negative breast 
cancer. Mol Med Rep 2015;12:851-64. 
PUBMED | CROSSREF

	 52.	Bahnassy A, Mohanad M, Ismail MF, Shaarawy S, El-Bastawisy A, Zekri AR. Molecular biomarkers for 
prediction of response to treatment and survival in triple negative breast cancer patients from Egypt. Exp 
Mol Pathol 2015;99:303-11. 
PUBMED | CROSSREF

	 53.	Bender RJ, Mac Gabhann F. Expression of VEGF and semaphorin genes define subgroups of triple 
negative breast cancer. PLoS One 2013;8:e61788. 
PUBMED | CROSSREF

	 54.	Rydén L, Jirström K, Haglund M, Stål O, Fernö M. Epidermal growth factor receptor and vascular 
endothelial growth factor receptor 2 are specific biomarkers in triple-negative breast cancer. Results from 
a controlled randomized trial with long-term follow-up. Breast Cancer Res Treat 2010;120:491-8. 
PUBMED | CROSSREF

	 55.	Sasich LD, Sukkari SR. The US FDAs withdrawal of the breast cancer indication for Avastin 
(bevacizumab). 2012;20:381-5. 
PUBMED | CROSSREF

	 56.	Chen XS, Yuan Y, Garfield DH, Wu JY, Huang O, Shen KW. Both carboplatin and bevacizumab improve 
pathological complete remission rate in neoadjuvant treatment of triple negative breast cancer: a meta-
analysis. PLoS One 2014;9:e108405. 
PUBMED | CROSSREF

	 57.	Cameron D, Brown J, Dent R, Jackisch C, Mackey J, Pivot X, et al. Adjuvant bevacizumab-containing 
therapy in triple-negative breast cancer (BEATRICE): primary results of a randomised, phase 3 trial. 
Lancet Oncol 2013;14:933-42. 
PUBMED | CROSSREF

	 58.	Kim HR, Jung KH, Im SA, Im YH, Kang SY, Park KH, et al. Multicentre phase II trial of bevacizumab 
combined with docetaxel-carboplatin for the neoadjuvant treatment of triple-negative breast cancer 
(KCSG BR-0905). Ann Oncol 2013;24:1485-90. 
PUBMED | CROSSREF

	 59.	Gerber B, Loibl S, Eidtmann H, Rezai M, Fasching PA, Tesch H, et al. Neoadjuvant bevacizumab and 
anthracycline-taxane-based chemotherapy in 678 triple-negative primary breast cancers; results from the 
geparquinto study (GBG 44). Ann Oncol 2013;24:2978-84. 
PUBMED | CROSSREF

	 60.	Robert NJ, Diéras V, Glaspy J, Brufsky AM, Bondarenko I, Lipatov ON, et al. RIBBON-1: randomized, 
double-blind, placebo-controlled, phase III trial of chemotherapy with or without bevacizumab for first-
line treatment of human epidermal growth factor receptor 2-negative, locally recurrent or metastatic 
breast cancer. J Clin Oncol 2011;29:1252-60. 
PUBMED | CROSSREF

	 61.	Brufsky A, Valero V, Tiangco B, Dakhil S, Brize A, Rugo HS, et al. Second-line bevacizumab-containing 
therapy in patients with triple-negative breast cancer: subgroup analysis of the RIBBON-2 trial. Breast 
Cancer Res Treat 2012;133:1067-75. 
PUBMED | CROSSREF

358https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/19567590
https://doi.org/10.1158/1078-0432.CCR-09-0317
https://doi.org/10.1158/1538-7445.AM2016-LB-216
http://www.ncbi.nlm.nih.gov/pubmed/26317899
https://doi.org/10.18632/oncotarget.4494
http://www.ncbi.nlm.nih.gov/pubmed/26317899
https://doi.org/10.18632/oncotarget.4494
http://www.ncbi.nlm.nih.gov/pubmed/25824321
https://doi.org/10.3892/mmr.2015.3560
http://www.ncbi.nlm.nih.gov/pubmed/26232605
https://doi.org/10.1016/j.yexmp.2015.07.014
http://www.ncbi.nlm.nih.gov/pubmed/23667446
https://doi.org/10.1371/journal.pone.0061788
http://www.ncbi.nlm.nih.gov/pubmed/20135347
https://doi.org/10.1007/s10549-010-0758-6
http://www.ncbi.nlm.nih.gov/pubmed/20135347
https://doi.org/10.1007/s10549-010-0758-6
http://www.ncbi.nlm.nih.gov/pubmed/25247558
https://doi.org/10.1371/journal.pone.0108405
http://www.ncbi.nlm.nih.gov/pubmed/23932548
https://doi.org/10.1016/S1470-2045(13)70335-8
http://www.ncbi.nlm.nih.gov/pubmed/23380385
https://doi.org/10.1093/annonc/mds658
http://www.ncbi.nlm.nih.gov/pubmed/24136883
https://doi.org/10.1093/annonc/mdt361
http://www.ncbi.nlm.nih.gov/pubmed/21383283
https://doi.org/10.1200/JCO.2010.28.0982
http://www.ncbi.nlm.nih.gov/pubmed/22415477
https://doi.org/10.1007/s10549-012-2008-6
https://ejbc.kr


	 62.	Hamilton E, Kimmick G, Hopkins J, Marcom PK, Rocha G, Welch R, et al. Nab-paclitaxel/bevacizumab/carbo-
platin chemotherapy in first-line triple negative metastatic breast cancer. Clin Breast Cancer 2013;13:416-20. 
PUBMED | CROSSREF

	 63.	Curigliano G, Pivot X, Cortés J, Elias A, Cesari R, Khosravan R, et al. Randomized phase II study of 
sunitinib versus standard of care for patients with previously treated advanced triple-negative breast 
cancer. Breast 2013;22:650-6. 
PUBMED | CROSSREF

	 64.	Masuda H, Zhang D, Bartholomeusz C, Doihara H, Hortobagyi GN, Ueno NT. Role of epidermal growth 
factor receptor in breast cancer. Breast Cancer Res Treat 2012;136:331-45. 
PUBMED | CROSSREF

	 65.	Cetin I, Topcul M. Triple negative breast cancer. Asian Pac J Cancer Prev 2014;15:2427-31. 
PUBMED | CROSSREF

	 66.	Specht J, Gadi V, Gralow J, Korde L, Linden H, Salazar L, Rodler E, Cundy A, Buening B, Baker K. Abstract 
P4-22-11: Combined targeted therapies for advanced triple negative breast cancer: a phase II trial of nab-
paclitaxel and bevacizumab followed by maintenance targeted therapy with bevacizumab and erlotinib. 
Cancer Res 2017;77:P4-22-11. 
PUBMED | CROSSREF

	 67.	Trédan O, Campone M, Jassem J, Vyzula R, Coudert B, Pacilio C, et al. Ixabepilone alone or with cetuximab 
as first-line treatment for advanced/metastatic triple-negative breast cancer. Clin Breast Cancer 2015;15:8-15. 
PUBMED | CROSSREF

	 68.	Baselga J, Gómez P, Greil R, Braga S, Climent MA, Wardley AM, et al. Randomized phase II study of the 
anti-epidermal growth factor receptor monoclonal antibody cetuximab with cisplatin versus cisplatin 
alone in patients with metastatic triple-negative breast cancer. J Clin Oncol 2013;31:2586-92. 
PUBMED | CROSSREF

	 69.	Nabholtz JM, Chalabi N, Radosevic-Robin N, Dauplat MM, Mouret-Reynier MA, Van Praagh I, et al. 
Multicentric neoadjuvant pilot phase II study of cetuximab combined with docetaxel in operable triple 
negative breast cancer. Int J Cancer 2016;138:2274-80. 
PUBMED | CROSSREF

	 70.	Crozier JA, Advani PP, LaPlant B, Hobday T, Jaslowski AJ, Moreno-Aspitia A, et al. N0436 (alliance): a 
phase II trial of irinotecan with cetuximab in patients with metastatic breast cancer previously exposed to 
anthracycline and/or taxane-containing therapy. Clin Breast Cancer 2016;16:23-30. 
PUBMED | CROSSREF

	 71.	Lee HJ, Seo AN, Park SY, Kim JY, Park JY, Yu JH, et al. Low prognostic implication of fibroblast growth 
factor family activation in triple-negative breast cancer subsets. Ann Surg Oncol 2014;21:1561-8. 
PUBMED | CROSSREF

	 72.	Cheng CL, Thike AA, Tan SY, Chua PJ, Bay BH, Tan PH. Expression of FGFR1 is an independent 
prognostic factor in triple-negative breast cancer. Breast Cancer Res Treat 2015;151:99-111. 
PUBMED | CROSSREF

	 73.	 Jung SY, Yi JY, Kim MH, Song KH, Kang SM, Ahn J, et al. IM-412 inhibits the invasion of human breast 
carcinoma cells by blocking FGFR-mediated signaling. Oncol Rep 2015;34:2731-7. 
PUBMED | CROSSREF

	 74.	Cardillo TM, Govindan SV, Sharkey RM, Trisal P, Arrojo R, Liu D, et al. Sacituzumab govitecan (IMMU-
132), an anti-Trop-2/SN-38 antibody–drug conjugate: characterization and efficacy in pancreatic, gastric, 
and other cancers. Bioconjug Chem 2015;26:919-31. 
PUBMED | CROSSREF

	 75.	Bardia A, Mayer IA, Vahdat LT, Tolaney SM, Isakoff SJ, Diamond JR, et al. Sacituzumab govitecan-hziy in 
refractory metastatic triple-negative breast cancer. N Engl J Med 2019;380:741-51. 
PUBMED | CROSSREF

	 76.	Bendell J, Saleh M, Rose AA, Siegel PM, Hart L, Sirpal S, et al. Phase I/II study of the antibody-drug 
conjugate glembatumumab vedotin in patients with locally advanced or metastatic breast cancer. J Clin 
Oncol 2014;32:3619-25. 
PUBMED | CROSSREF

	 77.	Rose AA, Grosset AA, Dong Z, Russo C, Macdonald PA, Bertos NR, et al. Glycoprotein nonmetastatic B 
is an independent prognostic indicator of recurrence and a novel therapeutic target in breast cancer. Clin 
Cancer Res 2010;16:2147-56. 
PUBMED | CROSSREF

	 78.	Yardley DA, Weaver R, Melisko ME, Saleh MN, Arena FP, Forero A, et al. EMERGE: a randomized phase 
II study of the antibody-drug conjugate glembatumumab vedotin in advanced glycoprotein NMB–
expressing breast cancer. J Clin Oncol 2015;33:1609-19. 
PUBMED | CROSSREF

359https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/24099649
https://doi.org/10.1016/j.clbc.2013.08.003
http://www.ncbi.nlm.nih.gov/pubmed/23958375
https://doi.org/10.1016/j.breast.2013.07.037
http://www.ncbi.nlm.nih.gov/pubmed/23073759
https://doi.org/10.1007/s10549-012-2289-9
http://www.ncbi.nlm.nih.gov/pubmed/24761842
https://doi.org/10.7314/APJCP.2014.15.6.2427
http://www.ncbi.nlm.nih.gov/pubmed/24761842
https://doi.org/10.7314/APJCP.2014.15.6.2427
http://www.ncbi.nlm.nih.gov/pubmed/25218708
https://doi.org/10.1016/j.clbc.2014.07.007
http://www.ncbi.nlm.nih.gov/pubmed/23733761
https://doi.org/10.1200/JCO.2012.46.2408
http://www.ncbi.nlm.nih.gov/pubmed/26649807
https://doi.org/10.1002/ijc.29952
http://www.ncbi.nlm.nih.gov/pubmed/26381420
https://doi.org/10.1016/j.clbc.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/24385208
https://doi.org/10.1245/s10434-013-3456-x
http://www.ncbi.nlm.nih.gov/pubmed/25868865
https://doi.org/10.1007/s10549-015-3371-x
http://www.ncbi.nlm.nih.gov/pubmed/26351897
https://doi.org/10.3892/or.2015.4249
http://www.ncbi.nlm.nih.gov/pubmed/25915780
https://doi.org/10.1021/acs.bioconjchem.5b00223
http://www.ncbi.nlm.nih.gov/pubmed/30786188
https://doi.org/10.1056/NEJMoa1814213
http://www.ncbi.nlm.nih.gov/pubmed/25267761
https://doi.org/10.1200/JCO.2013.52.5683
http://www.ncbi.nlm.nih.gov/pubmed/25267761
https://doi.org/10.1200/JCO.2013.52.5683
http://www.ncbi.nlm.nih.gov/pubmed/25847941
https://doi.org/10.1200/JCO.2014.56.2959
https://ejbc.kr


	 79.	Bulut AS, Erden E, Sak SD, Doruk H, Kursun N, Dincol D. Significance of inducible nitric oxide synthase 
expression in benign and malignant breast epithelium: an immunohistochemical study of 151 cases. 
Virchows Arch 2005;447:24-30. 
PUBMED | CROSSREF

	 80.	Granados-Principal S, Liu Y, Guevara ML, Blanco E, Choi DS, Qian W, et al. Inhibition of iNOS as a novel 
effective targeted therapy against triple-negative breast cancer. Breast Cancer Res 2015;17:25. 
PUBMED | CROSSREF

	 81.	Zhu H, Bengsch F, Svoronos N, Rutkowski MR, Bitler BG, Allegrezza MJ, et al. BET bromodomain inhibition 
promotes anti-tumor immunity by suppressing PD-L1 expression. Cell Reports 2016;16:2829-37. 
PUBMED | CROSSREF

	 82.	Zhou L, Li K, Luo Y, Tian L, Wang M, Li C, et al. Novel prognostic markers for patients with triple-
negative breast cancer. Hum Pathol 2013;44:2180-7. 
PUBMED | CROSSREF

	 83.	Mosalpuria K, Hall C, Krishnamurthy S, Lodhi A, Hallman DM, Baraniuk MS, et al. Cyclooxygenase-2 
expression in non-metastatic triple-negative breast cancer patients. Mol Clin Oncol 2014;2:845-50. 
PUBMED | CROSSREF

	 84.	Kim S, Lee J, Jeon M, Lee JE, Nam SJ. Zerumbone suppresses the motility and tumorigenecity of triple 
negative breast cancer cells via the inhibition of TGF-β1 signaling pathway. Oncotarget 2016;7:1544-58.
PUBMED

	 85.	Kim S, Han J, Jeon M, You D, Lee J, Kim HJ, et al. Silibinin inhibits triple negative breast cancer cell 
motility by suppressing TGF-β2 expression. Tumour Biol 2016;37:11397-407. 
PUBMED | CROSSREF

	 86.	Wahdan-Alaswad R, Harrell JC, Fan Z, Edgerton SM, Liu B, Thor AD. Metformin attenuates transforming 
growth factor beta (TGF-β) mediated oncogenesis in mesenchymal stem-like/claudin-low triple negative 
breast cancer. Cell Cycle 2016;15:1046-59. 
PUBMED | CROSSREF

	 87.	Maire V, Némati F, Richardson M, Vincent-Salomon A, Tesson B, Rigaill G, et al. Polo-like kinase 1: a 
potential therapeutic option in combination with conventional chemotherapy for the management of 
patients with triple-negative breast cancer. Cancer Res 2013;73:813-23. 
PUBMED | CROSSREF

	 88.	Chang SS, Yamaguchi H, Xia W, Lim SO, Khotskaya Y, Wu Y, et al. Aurora A kinase activates YAP signaling 
in triple-negative breast cancer. Oncogene 2017;36:1265-75. 
PUBMED | CROSSREF

	 89.	Diamond JR, Eckhardt SG, Pitts TM, van Bokhoven A, Aisner D, Gustafson DL, et al. A phase II clinical 
trial of the Aurora and angiogenic kinase inhibitor ENMD-2076 for previously treated, advanced, or 
metastatic triple-negative breast cancer. Breast Cancer Res 2018;20:82. 
PUBMED | CROSSREF

	 90.	Lips EH, Michaut M, Hoogstraat M, Mulder L, Besselink NJ, Koudijs MJ, et al. Next generation sequencing of 
triple negative breast cancer to find predictors for chemotherapy response. Breast Cancer Res 2015;17:134. 
PUBMED | CROSSREF

	 91.	Al-Ejeh F, Simpson PT, Sanus JM, Klein K, Kalimutho M, Shi W, et al. Meta-analysis of the global gene 
expression profile of triple-negative breast cancer identifies genes for the prognostication and treatment 
of aggressive breast cancer. Oncogenesis 2014;3:e100. 
PUBMED | CROSSREF

	 92.	Maire V, Baldeyron C, Richardson M, Tesson B, Vincent-Salomon A, Gravier E, et al. TTK/hMPS1 is an 
attractive therapeutic target for triple-negative breast cancer. PLoS One 2013;8:e63712. 
PUBMED | CROSSREF

	 93.	Tsunoda N, Kokuryo T, Oda K, Senga T, Yokoyama Y, Nagino M, et al. Nek2 as a novel molecular target for 
the treatment of breast carcinoma. Cancer Sci 2009;100:111-6. 
PUBMED | CROSSREF

	 94.	Tryfonopoulos D, Walsh S, Collins DM, Flanagan L, Quinn C, Corkery B, et al. Src: a potential target for 
the treatment of triple-negative breast cancer. Ann Oncol 2011;22:2234-40. 
PUBMED | CROSSREF

	 95.	Dickson BC, Mulligan AM, Zhang H, Lockwood G, O'Malley FP, Egan SE, et al. High-level JAG1 mRNA 
and protein predict poor outcome in breast cancer. Mod Pathol 2007;20:685-93. 
PUBMED | CROSSREF

	 96.	Nakhjavani M, Hardingham JE, Palethorpe HM, Tomita Y, Smith E, Price TJ, et al. Ginsenoside Rg3: 
Potential molecular targets and therapeutic indication in metastatic breast cancer. Medicines (Basel) 
2019;6:17. 
PUBMED | CROSSREF

360https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/15947943
https://doi.org/10.1007/s00428-005-1250-2
http://www.ncbi.nlm.nih.gov/pubmed/25849745
https://doi.org/10.1186/s13058-015-0527-x
http://www.ncbi.nlm.nih.gov/pubmed/27626654
https://doi.org/10.1016/j.celrep.2016.08.032
http://www.ncbi.nlm.nih.gov/pubmed/23845466
https://doi.org/10.1016/j.humpath.2013.03.021
http://www.ncbi.nlm.nih.gov/pubmed/25054056
https://doi.org/10.3892/mco.2014.327
http://www.ncbi.nlm.nih.gov/pubmed/26637807
http://www.ncbi.nlm.nih.gov/pubmed/26984157
https://doi.org/10.1007/s13277-016-5000-7
http://www.ncbi.nlm.nih.gov/pubmed/26919310
https://doi.org/10.1080/15384101.2016.1152432
http://www.ncbi.nlm.nih.gov/pubmed/23144294
https://doi.org/10.1158/0008-5472.CAN-12-2633
http://www.ncbi.nlm.nih.gov/pubmed/27593935
https://doi.org/10.1038/onc.2016.292
http://www.ncbi.nlm.nih.gov/pubmed/30071865
https://doi.org/10.1186/s13058-018-1014-y
http://www.ncbi.nlm.nih.gov/pubmed/26433948
https://doi.org/10.1186/s13058-015-0642-8
http://www.ncbi.nlm.nih.gov/pubmed/24752235
https://doi.org/10.1038/oncsis.2014.14
http://www.ncbi.nlm.nih.gov/pubmed/23700430
https://doi.org/10.1371/journal.pone.0063712
http://www.ncbi.nlm.nih.gov/pubmed/19038001
https://doi.org/10.1111/j.1349-7006.2008.01007.x
http://www.ncbi.nlm.nih.gov/pubmed/21357651
https://doi.org/10.1093/annonc/mdq757
http://www.ncbi.nlm.nih.gov/pubmed/17507991
https://doi.org/10.1038/modpathol.3800785
http://www.ncbi.nlm.nih.gov/pubmed/30678106
https://doi.org/10.3390/medicines6010017
https://ejbc.kr


	 97.	Dorward HS, Du A, Bruhn MA, Wrin J, Pei JV, Evdokiou A, et al. Pharmacological blockade of aquaporin-1 
water channel by AqB013 restricts migration and invasiveness of colon cancer cells and prevents 
endothelial tube formation in vitro. J Exp Clin Cancer Res 2016;35:36. 
PUBMED | CROSSREF

	 98.	Tomita Y, Palethorpe HM, Smith E, Nakhjavani M, Townsend AR, Price TJ, et al. Bumetanide-derived 
aquaporin 1 inhibitors, AqB013 and AqB050 inhibit tube formation of endothelial cells through induction 
of apoptosis and impaired migration in vitro. Int J Mol Sci 2019;20:E1818. 
PUBMED | CROSSREF

	 99.	Smith E, Tomita Y, Palethorpe HM, Howell S, Nakhjavani M, Townsend AR, et al. Reduced aquaporin-1 
transcript expression in colorectal carcinoma is associated with promoter hypermethylation. Epigenetics 
2019;14:158-70. 
PUBMED | CROSSREF

	100.	Liu J, Pan S, Hsieh MH, Ng N, Sun F, Wang T, et al. Targeting Wnt-driven cancer through the inhibition of 
Porcupine by LGK974. Proc Natl Acad Sci U S A 2013;110:20224-9. 
PUBMED | CROSSREF

	101.	Sapi E. The role of CSF-1 in normal physiology of mammary gland and breast cancer: an update. Exp Biol 
Med (Maywood) 2004;229:1-11. 
PUBMED | CROSSREF

	102.	Amoury M, Mladenov R, Nachreiner T, Pham AT, Hristodorov D, Di Fiore S, et al. A novel approach for 
targeted elimination of CSPG4-positive triple-negative breast cancer cells using a MAP tau-based fusion 
protein. Int J Cancer 2016;139:916-27. 
PUBMED | CROSSREF

361https://ejbc.kr https://doi.org/10.4048/jbc.2019.22.e39

Druggable Targets for TNBC

http://www.ncbi.nlm.nih.gov/pubmed/26912239
https://doi.org/10.1186/s13046-016-0310-6
http://www.ncbi.nlm.nih.gov/pubmed/31013775
https://doi.org/10.3390/ijms20081818
http://www.ncbi.nlm.nih.gov/pubmed/30739527
https://doi.org/10.1080/15592294.2019.1580112
http://www.ncbi.nlm.nih.gov/pubmed/24277854
https://doi.org/10.1073/pnas.1314239110
http://www.ncbi.nlm.nih.gov/pubmed/14709771
https://doi.org/10.1177/153537020422900101
http://www.ncbi.nlm.nih.gov/pubmed/27037627
https://doi.org/10.1002/ijc.30119
https://ejbc.kr

	Druggable Molecular Targets for the Treatment of Triple Negative Breast Cancer
	INTRODUCTION
	IMMUNE CHECKPOINT MODULATORS
	Cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
	Lymphocyte-activation gene 3 (LAG-3)
	T cell immunoglobulin and mucin-domain containing-3 (TIM-3)
	Hedgehog (Hh) and neuropilin-2 (NRP-2) signaling pathway

	TARGETS WITHIN THE NUCLEUS
	Poly-ADP ribose-polymerases (PARP)
	Histone deacetylase (HDAC)
	p53, checkpoint kinase 1 (ChK1) and ataxia telangiectasia and Rad3 related (ATR)
	DNA binding agents

	INTRACELLULAR TARGETS AND SIGNALING MEDIATORS
	Heat shock protein 90 (HSP90)
	Cyclin-dependent kinases (CDKs)
	Proteins involved in apoptosis
	Phosphoinositide 3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway
	RAF-MEK-ERK pathway
	Janus kinase (JAK)

	CELL SURFACE TARGETS
	Epidermal growth factor receptor (EGFR)
	Fibroblast growth factor receptor (FGFR)
	Trophoblast antigen 2 (Trop-2)
	Glycoprotein non-metastatic B (GPNMB)

	CONCLUSION
	REFERENCES


