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Abstract
Triple-negative breast cancer (TNBC) is characterized by the absence of the estrogen receptor
(ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2)
expression. Depending on the androgen receptor (AR) expression, TNBC can be further
divided into AR-positive TNBC (a “classical TNBC subtype) and AR-negative TNBC that is
synonymous with a quadruple-negative breast cancer (QNBC). Since QNBC can be viewed
as a distinct BC subtype, it should be more precisely investigated from the diagnostic and
therapeutic point of view.
Unfortunately, the scarcity of biomarkers and treatment targets makes QNBC extremely
difficult to manage. Furthermore, in the absence of AR expression, many BCs often display
particularly aggressive behavior, leading to adverse outcomes in the afflicted patients.
Recently, some novel therapeutic targets have emerged. It is expected that targeted strategies
could improve the survival of women suffering from this kind of malignancy.
This mini-review briefly outlines the main TNBC and QNBC subtypes and describes the
current and future research directions in this area. It focuses on the AR expression (its
presence vs. absence), and potential treatment approaches. This article also overviews
certain molecular characteristics of TNBC and presents recently approved targeted therapies.
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Introduction

options in TNBC

Triple-negative breast cancer (TNBC), defined as the negative
estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2) expression,
demonstrates the higher rates of relapse, greater metastatic
potential, and shorter overall survival (OS), compared with other
breast cancer (BC) subtypes [1]. It has been suggested that TNBC
could be sub-divided into a more prevalent, androgen receptor
(AR)-negative, also known as a quadruple-negative breast cancer
(QNBC) subtype, and a “classical”, AR-positive TNBC subtype
(Figure 1) [1]. It appears that multiple, interrelated genetic and
environmental factors can influence the incidence, course, and
prognosis of this devastating malignancy, across different ethnic
and socioeconomic populations of women [2]. In comparison to
other BC subtypes, TNBC and QNBC are characterized by a
more invasive tumor behavior (e.g., frequent local recurrences and
distant metastases) and resistance to treatment, leading to adverse
outcomes [3]. In addition, these aggressive BC subtypes have
been more prevalent among women of African origin, and in premenopausal females (below 50 years of age) [2].
Moreover, some key factors related to augmented risk of TNBC
and QNBC involve metabolic disorders (e.g., obesity, metabolic
syndrome (MS), pre-diabetes, and diabetes mellitus type 2
(DMt2), reproductive factors (e.g., short breastfeeding period, high
parity, oral contraceptive usage for over one year, and gestational
diabetes), inappropriate nutrition (e.g., predominance of highly
caloric and processed food, rich in saturated fats, trans-fats, and
refined carbohydrates), physical inactivity, and low socioeconomic
status or educational level. In particular, obesity, accompanied by
metabolic derangements and pro-inflammatory status, sedentary
lifestyle, and short lactation time have been associated with
abnormal secretion of androgens [4]. The heterogeneous nature
of TNBC and QNBC, as well as the diversity of the afflicted
patient populations require comprehensive management strategies.
Recently, some innovative therapeutic targets have emerged, which
could possibly improve survival of many women suffering from
this malignancy [5].
This mini-review briefly outlines the main TNBC and QNBC
subtypes and describes the current and future research directions
in this area. It focuses on the AR expression (its presence vs.
absence), and potential treatment approaches. This article
overviews certain molecular characteristics of TNBC and presents
recently approved novel targeted therapies.

AR can play a role of prognostic biomarker in BC [10]. According
to a recent multi-institutional study, it has been revealed that ARpositive status was consistent with a more favorable prognosis
among groups of women from US and Nigeria [10]. In contrast,
a worse prognosis was reported among their counterparts from
Ireland, Norway, and India [10]. Moreover, no prognostic value
was noted in the group of women from UK [10]. Interestingly, it
has been reported that the ER status affects the prognostic value
of AR. For instance, the AR expression suggests a good prognosis
in the ER-positive BC, but the significance of AR expression
in the ER-negative BC is still unclear [11]. Nevertheless, due to
several methodological differences, and small samples examined
in different studies on this subject, the prognostic value of AR
in TNBC still remains undetermined, and thus, further research
in this area is certainly needed, before drawing any definite
conclusions.
AR is a transcription factor (TF), participating in the natural
development of breast gland (via signaling at the level of steroid
hormone receptor, in the cell nucleus), and also, it can contribute
to BC initiation and progression [12]. However, the exact influence
of the AR signaling on TNBC development is still not completely
known. AR is expressed in about one third of TNBCs [13], and
it has been noted that AR antagonists (ARA) (e.g., bicalutamide
and enzalutamide), have shown some beneficial effects among
patients with AR-positive TNBC [14, 15]. In reality, a positive AR
expression in the LAR TNBC subtype has been related to a greater
sensitivity to ARA, while the BL1 subtype achieved the highest
pathological complete response (pCR) rate, after an application of
neoadjuvant chemotherapy (NAC) [6]. In contrast, the BL2 and
LAR revealed the lowest pCR rates, after using NAC [6, 16]. In
addition, recent clinical trials that examined the ARA therapies
(e.g., bicalutamide, enzalutamide, and abiraterone acetate plus
prednisone) with CHT, among women with TNBC, have shown
some beneficial effects of such treatment combinations [14, 15,
17]. Also, a neoadjuvant MDACC ARTEMIS trial (in process) has
been addressing a population of patients with TNBC (in stages I–
III), in whom the treatment has been adjusted, according to BC
molecular profiling results [18]. For instance, in the case of positive
AR expression, the participants have been receiving enzalutamide
and paclitaxel (a component of the standard NAC) [18].
Notably, various AR splice variants (AR-Vs) are products of
rearranging or alternative splicing of the AR transcript [19].
Importantly, the AR-Vs are characterized by an absence of
the ligand-binding domain (LBD), which serves as a target for
enzalutamide, and can activate target genes [19, 20]. In fact, the
AR and AR-V7 can differentially regulate target gene expression,
depending on the recruitment of AR or its splice variant. Since
it has been noted that the AR-V7 expression is related to adverse
prognosis in many patients with BC, there is a growing interest in
exploration of the AR-V7, as a potential novel therapeutic target in
patients with TNBC [13, 21].
Importantly, the AR can also govern tumor growth in some
TNBC subtypes, which express the low levels of AR. For instance,
the AR-positive tumor cell subpopulation may stimulate the
growth of a cancer stem cell (CSC)-like cells, promoting resistance
to CHT and recurrence of malignancy [22]. Therefore, the ARtargeting agents can be beneficial for patients with TNBC, even
if their AR expression levels remain low (e.g., below 1%) [22]. In
fact, the use of combination of enzalutamide (ARA) and paclitaxel
(CHT) can be more effective in preventing cancer recurrence (e.g.,
via targeting the CSC-like cells) than the application of paclitaxel
alone [22].
Furthermore, low AR levels have been related to higher pCR rates
in a clinical study assessing neoadjuvant cisplatin plus paclitaxel

Molecular subtypes of TNBC
TNBC has been divided into the following molecular subtypes:
basal-like subtypes (BL1 and BL2), mesenchymal (M),
mesenchymal stem-like (MSL), immunomodulatory (IM), and
luminal androgen receptor (LAR) (Figure 2) [3, 5, 6]. According
to a similar categorization, the BL1 and BL2 can also be presented
as basal-like immunosuppressed (BLIS), and basal-like immune
activated (BLIA) subtypes [7]. It has been reported that the
different TNBC subtypes revealed some important variability
in response to neoadjuvant or adjuvant chemotherapy (CHT). It
should be underscored that the BL1 has shown a more beneficial
response to CHT than the LAR subtype [8]. On the one hand,
TNBC presents a greater sensitivity to CHT than the non-TNBC
subtypes. On the other hand, however, several women with
advanced TNBC have been resistant to standard CHT regimen (e.g.,
anthracycline and taxanes) [3, 4]. This unmet need is one of the
driving forces behind searching for innovative treatment targets
and compatible diagnostic tests or biomarkers [3, 9].
The impact of AR expression on the potential therapeutic
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Figure 1. A receptor profile of the Triple-negative breast cancer (TNBCs) and Quadruple-negative breast cancer (QNBC) [1,
5]. Abbreviations: AR, Androgen receptor; ER, Estrogen receptor; HER2, Human epidermal growth factor receptor 2; PR;
Progesterone receptor.

with or without everolimus in patients with TNBC [23]. Another
study has shown that the AR expression can predict effects of
therapy with tamoxifen in patients with TNBC [24]. For instance,
in women with TNBC, the AR-positive status corresponded with a
favorable response to tamoxifen, while the AR-negative status was
consistent with a failure of the tamoxifen therapy [24].
In contrast to the ER, PR, and HER2 testing, which represent
standard clinical practice, the AR testing has not been
standardized due to the lack of consensus regarding its prognostic
value. Since women with AR-negative TNBC (QNBC) usually
suffer from a more aggressive malignancy course and worse
prognosis, compared to those with AR-positive TNBC, a
standardization of AR testing merits a formal resolution. The
QNBC has its own specific molecular make-up, and thus, it would
be beneficial to “officially” recognize it as a clinically relevant
BC subtype, which is different from a “classical“ TNBC [25]. At
this point, immunohistochemistry (IHC) analysis of AR seems

to be a feasible test to be applied for this purpose [25]. In order
to develop innovative, targeted treatments for patients with ARnegative TNBC (QNBC) and AR-positive TNBC, the specific
differences between these BC subtypes need to be explored, and
then translated into targeted therapies. However, further research
is still necessary in this area.
Targeted approaches to TNBC resistant to therapy - Focusing
on “vulnerable spots” of aggressive malignancies
Traditionally, the standard CHT used to treat patients with highrisk and locally advanced or metastatic TNBC has been composed
of anthracyclines, alkylating agents, and taxanes [9]. However,
recently, some other therapeutic classes, such as the immune
checkpoint inhibitors (ICI), poly ADP-ribose polymerase (PARP)
inhibitors, and antibody drug conjugate (ADC), have been
explored in phase III randomised controlled trials (RCTs), and
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Figure 2. Molecular subtypes, therapeutic targets, and treatment strategies for patients with Triple-negative breast cancer
(TNBCs) and Quadruple-negative breast cancer (QNBC) [3, 5, 6]. (Receptors: AR, Androgen receptor; ER, Estrogen receptor;
HER2, Human epidermal growth factor receptor 2; PR; Progesterone receptor; Molecular subtypes: BL, Basal-like; IM,
Immunomodulatory; LAR, Luminal androgen receptor; M, Mesenchymal; MSL, Mesenchymal stem-like; Therapeutic targets:
PD-L1, programmed death ligand 1; PD-1, programmed cell death protein-1; BRCA1/2, tumor suppressor genes; Trop-2,
Trophoblast cell-surface antigen; PI3K, phosphoinositide-3 kinase; AKT/mTOR, protein kinase B/the mammalian target of
rapamycin; PTEN, phosphatase and tensin; EGFR, epidermal growth factor receptor; Treatment strategies: ICI, immune
checkpoint inhibitors; PARPi, Poly ADP-ribose polymerase (PARP) inhibitors; ADC, Antibody drug conjugate; PI3Ki, PI3K
inhibitors; ARA, AR antagonists).

revealed certain beneficial outcomes [26-31]. As a result, many
these therapeutic options have been approved by the US Food
and Drug Administration (FDA) as targeted therapies for selected
subsets of patients with TNBC (Table 1) [26-31].
To fill an unmet medical need for a life-threatening disease like
metastatic TNBC, on March 11, 2019, the U.S. FDA granted the
accelerated approval for atezolizumab (Tecentriq), a programmed
death ligand-1 (PD-L1) inhibitor, in combination with CHT agent,
nab-paclitaxel (Abraxane), for the treatment of patients with PDL1-positive, unresectable or metastatic TNBC (based on the
IMpassion130 trial) [26].
In addition, on November 13, 2020, the FDA granted the
accelerated approval to pembrolizumab (Keytruda) in combination
with CHT for the treatment of patients with locally recurrent
unresectable or metastatic TNBC (based on the KEYNOTE-355
trial), whose tumors express PD-L1 (combined positive score (CPS)
≥10) as determined by an FDA approved test [28].
Furthermore, on April 7, 2021, the FDA granted the regular
approval to sacituzumab govitecan (Trodelvy) for patients with
unresectable locally advanced or metastatic TNBC, who have

received two or more prior systemic therapies (at least one of them
for was for the metastatic disease) (based on the ASCENT trial)
[31].
It should be highlighted that the combinations of certain
therapeutic agents from various phar macologic classes
and sequences, in which they are used, can be crucial to
“awakening” of the antitumor immune response of the host
[32]. As a consequence, such a strong response may help in the
transformation of immunologically “cold” into “hot” tumor areas
in the metastatic TNBC [32]. Due to rapid advances in this field,
many women with metastatic, previously incurable TNBC may
now have some reasonable hope that the durable responses to ICI
can be achieved [33]. Such a progress may happen, especially
when the ICI are used in combination with CHT, depending on the
individual patient scenario, in which the immune system can be
invigorated [33].
Immune checkpoint inhibitors (ICI) (atezolizumab and
pembrolizumab)

pCR rate was 64.8% in the pembrolizumab + CHT group
vs. 51.2% in the placebo + CHT group; the disease
progression rate was 7.4% in the pembrolizumab + CHT
group vs. 11.8% in the placebo + CHT group

Comparison of pembrolizumab + CHT (nab-paclitaxel,
paclitaxel, or emcitabine/carboplatin) to placebo + CHT
in pts (previously untreated) with recurrent inoperable/
metastatic TNBC; the addition of pembrolizumab to CHT
improved PFS compared to CHT alone (9.7 vs. 5.6 ms)

Alopecia, fatigue,
peripheral neuropathies,
nausea,
vomiting, < appetite,
diarrhea, headache,
anemia, neutropenia, ,
pyrexia, arthralgia; ALT,
AST,
t. bilirubin, CBC

KEYNOTE-522 Anti-PD-1 monoclonal antibody
NCT03036488 Pembrolizumab
[27]
+ CHT

Anti-PD-1 monoclonal antibody
KEYNOTE-355
Pembrolizumab
NCT02819518
+ CHT
[28]
preliminary findings

Anti-PD-L1 monoclonal antibody
Atezolizumab
+ nab-paclitaxel
(CHT)

Alopecia, fatigue,
peripheral neuropathies,
nausea,
vomiting, < appetite,
diarrhea, headache,
anemia, neutropenia, ,
pyrexia, arthralgia; ALT,
AST, t. bilirubin, CBC

IMpassion130
NCT02425891
[26]

Atezolizumab + nab-paclitaxel vs. placebo + nab-paclitaxel
for therapy of pts with previously untreated advanced or
metastatic TNBC; adding atezolizumab to 1-st-line CHT
(nab-paclitaxel) prolonged m PFS in the ITT group (7.2
vs. 5.5 ms) & in pts with PD-L1-positive tumors (7.4 vs.
4.8 ms); ORR was higher in the ITT group (56.0% vs.
45.9%) & in PD-L1-positive subgroup (58.9% vs. 42.6%);
a trend of improved m OS with atezolizumab in the ITT
group (21.0 vs. 18.7 ms) & in the PD-L1-positive pts (25.0
vs. 18.0 ms); the PD-L1 expression in immune cells is a
predictor of treatment response (PFS & OS improved in
PD-L1–positive pts)

Targeted Therapy (or combination) Common adverse effects,
RCT’s main outcomes or trends
examined in the RCT
Monitoring tests

Common adverse effects
Monitoring tests
Alopecia, fatigue,
peripheral neuropathies,
nausea, vomiting, <
appetite, diarrhea,
headache, anemia,
neutropenia, pyrexia,
arthralgia; ALT, AST, t.
bilirubin, CBC

RCT name,
Identifier Ref.

Immune-mediated pneumonitis or interstitial lung
disease
Use prednisone (taper it); > liver function tests,
immune-mediated hepatitis Monitor for symptoms
of hepatitis, use corticosteroids; Immune-mediated
colitis or diarrhea; Observe, but if symptoms persist
>5 days or recur, use steroids

Immune-mediated pneumonitis or interstitial lung
disease
Use prednisone (taper it); > liver function tests,
immune-mediated hepatitis Monitor for symptoms
of hepatitis, use corticosteroids; Immune-mediated
colitis or diarrhea; Observe, but if symptoms persist
>5 days or recur, use steroids

Immune-mediated pneumonitis or interstitial lung
disease
Use prednisone (taper it); > liver function tests,
immune-mediated hepatitis Monitor for symptoms
of hepatitis, use corticosteroids; Immune-mediated
colitis or diarrhea; Observe, but if symptoms persist
>5 days or recur, use steroids

Main safety precautions, Required therapeutic
actions

Table 1. Phase III RCTs exploring immune checkpoint inhibitors, PARP inhibitors, and antibody-drug conjugate in patients with advanced or metastatic TNBC.
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PARP1 inhibitor
Olaparib

PARP inhibitor
Talazoparib

Antibody-drug conjugate
Sacituzumab govitecan-hziy

OlympiAD
NCT02000622
[29]

EMBRACA
NCT01945775
[30]

ASCENT
NCT02574455
[31]

Main safety precautions, Required therapeutic actions

Efficacy & safety of sacituzumab
govitecan-hziy; pts treated with
sacituzumab govitecan-hziy had PFS
of 5.6 ms vs. 1.7 ms, in those, who
were given CHT (doctor’s choice);
improved PFS, OS, ORR, & durable
objective responses in heavily
pretreated pts with metastatic TNBC
(without brain metastasis)

Neutropenia, anemia,
nausea, vomiting,
diarrhea, fatigue,
increased AST, ALT,
alkaline phosphatase,
alopecia, < Mg, Ca
CBC, liver panel,
electrolytes,
if diarrhea, evaluate for
infectious causes

Premedicate for prevention of CHT-induced nausea/vomiting;
In case of severe neutropenia, withhold if ANC<1,500/mm3 or neutropenic
fever; can use G-CSF for secondary prophylaxis; give anti-infective agents
in febrile neutropenia; If severe diarrhea - provide fluids/ electrolytes
& atropine or loperamide (if no infection)

Efficacy & safety of talazoparib
vs. CHT (capecitabine, eribulin,
gemcitabine or vinorelbine) in pts
with gBRCA mutation, HER2Coadministration with amiodarone, carvedilol, verapamil, clarithromycin,
negative locally advanced/metastatic or itraconazole should be avoided; if such agents are necessary, < the dose
BC, who previously received CHT; of talazoparib
m PFS was prolonged by 3 ms in
talazoparib arm; ORR was doubled
in talazoparib arm vs. CHT arm

Fatigue, nausea,
headache, headache,
alopecia, back pain,
anemia, neutropenia,
thrombocyte-penia,
vomiting, diarrhea,
< appetite;
CBC

Efficacy & safety of olaparib vs.
CHT (capecitabine, vinorelbine,
or eribulin) in pts with gBRCA
mutation and HER2-negative
metastatic BC (who had received no
Anemia, leukopenia,
more than 2 previous lines of CHT Pneumonitis; Interrupt olaparib if pneumonitis is suspected, or stop
fatigue, nausea, vomiting,
or treatments of doctor’s choice);
olaparib, if it is confirmed; Rare MDS/AML; If MDS/AML is confirmed,
diarrhea, abdominal pain;
m PFS was prolonged by 2.8 ms in stop olaparib
CBC
olaparib arm; m OS was 19.3 ms in
olaparib arm vs. 17.1 ms in CHT
arm; OS benefit with olaparib, in
pts who did not receive CHT for
metastatic BC

Common adverse
RCT’s main outcomes or trends
effects, Monitoring tests

Abbreviations: AKT, protein kinase B; ALT, Alanine transaminase; AML, Acute Myeloid Leukemia; ANC, Absolute Neutrophil Count; AST, Aspartate transaminase; BC, breast cancer; CBC, Complete
Blood Count; CHT, chemotherapy, DOR, duration of response; FDA, Food and Drug Administration; g, germline; G-CSF, Granulocyte colony stimulating factor; ITT, intention-to-treat; m, median;
MDS, Myelodysplastic Syndromes; ms, months; ORR, overall response rate; OS, overall survival; PARP, poly (ADP-ribose) polymerase; PD-1, programmed cell death protein-1; PD-L1, programmed
death ligand 1; PFS, progression-free survival, pts, patients; RCT, randomised controlled trial; ref., reference; t., total; TNBC; triple negative breast cancer; vs., versus.

Targeted Therapy (or combination)
examined in the RCT

RCT name,
Identifier Ref.

Table 1. Phase III RCTs exploring immune checkpoint inhibitors, PARP inhibitors, and antibody-drug conjugate in patients with advanced or metastatic TNBC (Continued).
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According to recent RCTs data, ICI that target the programmed
death ligand-1 (PD-L1) and programmed death receptor-1 (PD1) have shown clinical benefits for patients with advanced and
metastatic TNBC (e.g., in combination with CHT) (Table 1) [26,
27].
In TNBC, PD-L1 is usually expressed on the tumor-infiltrating
immune cells (TILs), and malignant tumor cells, while the PD-1 is
commonly expressed on T-cells [26, 27]. When the PD-L1 binds
to PD-1, an inhibitory signal is being send that causes the T-cell
suppression [34]. To counteract the undesirable immune system
suppression, ICI, such as the PD-L1 inhibitor, atezolizumab, or the
PD-1 inhibitor, pembrolizumab, in combination with CHT, can
be considered to treat women with locally advanced, recurrent,
and metastatic TNBC (rather earlier than later in the disease
course) [26, 27]. In fact, elevated TILs or expression of PD-L1/
PD-1 immune checkpoint complexes is often related to a higher
anti-tumor immunity, and a better patient prognosis [33]. This
can be considered a biomarker, detecting potential candidates for
treatment with ICI [33]. PD-L1, which is expressed in about 40%
of TNBC, has become a novel therapeutic target, especially in
metastatic TNBC [32, 33].
The IMpassion130 trial illustrates the favorable effects of adding
atezolizumab (an anti-PD-L1 monoclonal antibody), to nabpaclitaxel (CHT) (comparing to nab-paclitaxel alone, as a first-line
therapy) for women with metastatic TNBC (Table 1) [26].
Similarly, the KEYNOTE-522 trial has explored the addition
of pembrolizumab (an anti-PD-1 monoclonal antibody) to CHT
(neoadjuvant CHT, and continued adjuvant CHT) in untreated
patients with stage II or III TNBC, showing some promising
effects (Table 1) [27]. It should be highlighted that in contrast to
the IMpassion130 trial, the addition of pembrolizumab to standard
CHT in the KEYNOTE-522 trial has revealed improvements
in pCR [27]. Likewise, the ongoing KEYNOTE-355 trial,
investigating the addition of pembrolizumab to CHT, among
patients with untreated, locally recurrent, inoperable or metastatic
TNBC, has revealed some encouraging results (Table 1) [28].
Poly-ADP-ribose polymerase (PARP) inhibitors (olaparib and
talazoparib)
Based on recent RCTs, some PARP inhibitors, targeting specific
genetic mutations or molecular signaling pathways (which govern
malignant cells growth), have been applied in monotherapy, or in
combination with CHT, in patients with metastatic TNBC [29, 30].
BRCA1 and BRCA2 are tumor suppressor genes that play a key
role in the repair of DNA breaks [35]. The BRCA1/2 mutations are
related to increased familial inheritance, early-onset, high tumor
aggression, and poor TNBC prognosis [35]. As a result of these
loss of function mutations, TNBC tumors that carry the mutated
BRCA1/2 genes, are unable to repair their damaged DNA [35].
In these circumstances, blocking of the PARP enzymes, via the
PARP inhibitors causes the lethal accumulation of irreparable
DNA breaks, and cytotoxic PARP-DNA complexes in the tumor
[36]. Recently PARP inhibitors (olaparib and talazoparib) have
been approved as targeted therapy that can be used in almost 20%
of patients with TNBC (who have germline BRCA1/2 mutations)
[29, 30].
The OlympiAD trial has explored the efficacy of olaparib, in
patients with metastatic, germline BRCA mutated, HER2-negative
BC, who had received no more than two previous lines of CHT [29].
According to this study results, olaparib monotherapy revealed
beneficial effects, compared to standard CHT (e.g., median PFS
was almost three months longer and the risk of disease progression
or death was over 40% lower in women, who received olaparib,
compared to those who received standard CHT (Table 1) [29].
Similarly, the EMBRACA trial examined the efficacy of
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talazoparib, in women with advanced BC and germline BRCA1/2
mutations (who previously received CHT) [30]. The EMBRACA
trial has shown that patients who were treated with talazoparib
had improved PFS compared to those, who received CHT (Table
1) [30]. Moreover, the most favorable responses were reported in a
subset of patients with TNBC, who harbored germline BRCA1/2
mutations. In addition, PARP inhibitors, used in combination with
CHT, can be particularly helpful in the treatment of breast tumors
with not only germline BRCA1/2 mutations, but also with PALB2,
RAD51, p53, and CHEK2 gene mutations [37].
Anti-Trop-2 antibody–drug conjugate (ADC) (Sacituzumab
govitecan-hziy)
Trophoblast cell-surface antigen (Trop-2) is a glycoprotein
overexpressed in several epithelial cancers, including TNBC,
in which it plays a role of the growth-stimulating signal [31].
Sacituzumab govitecan-hziy is an antibody–drug conjugate
(ADC) that combines a humanized monoclonal antibody that
targets the Trop-2 with an active metabolite of irinotecan, which
is a topoisomerase I inhibitor (SN-38), via the cleavable linker
[31]. Upon binding to Trop-2, the SN-38 is transported to the
breast tumor cells. Subsequently, via the cleavable linker, the
SN-38 is being deployed into the tumor itself and the tumor’s
microenvironment (TME) [31].
According to the ASCENT trial, the efficacy and safety data of
sacituzumab govitecan-hziy (e.g., improved PFS, OS, and durable
objective response (DOR)) in heavily pretreated patients with
metastatic TNBC have been revealed (Table 1) [31]. Sacituzumab
govitecan has been the first ADC, approved for patients with
relapsed or refractory metastatic TNBC (who have failed two prior
CHTs) [31].
Future directions - Selected actionable pharmacologic targets
and emerging therapies
There are several emerging therapies, which target the tumordriving signaling networks in TNBC. For instance, it has been
reported that the phosphoinositide-3 kinase (PI3K) and protein
kinase B (PKB or AKT) signaling pathways may represent novel
actionable targets in TNBC. In fact, in approximately one fourth of
primary TNBCs, activating mutations (e.g., PIK3CA and AKT1)
occur in these pathways [38]. In an attempt to solve this challenge,
PI3K inhibitors have been examined in RCTs, and revealed
some benefits in patients with advanced TNBC, in whom breast
tumors harbored PIK3CA mutations [38]. In addition, the PI3KCA
inhibitor, alpelisib, has improved PFS in patients with hormone
receptor (HR)-positive, HER2-negative, PIK3CA-mutated
advanced or metastatic BC [39].
Similarly, the AKT inhibitors (e.g., ipatasertib and capivasertib)
have shown favorable clinical effects with regard to patients with
high-risk TNBC [40, 41]. In particular, in the LOTUS trial (a phase
II RCT) patients with advanced or metastatic TNBC were treated
with ipatasertib and paclitaxel vs. placebo and paclitaxel. The
LOTUS study has reported that women with metastatic TNBC,
in the ipatasertib arm had an improved median PFS, compared to
the placebo arm (6.2 months vs. 4.9 months) [40]. Notably, in the
subset of patients with metastatic TNBC and PIK3CA/AK1/PTEN
mutations, women treated with ipatasertib (and paclitaxel) had a
median PFS of 5.3 months vs. 3.7 months in those, who received
the placebo (and paclitaxel) [40].
Likewise, the PAKT trial (a phase II RCT) has examined the
efficacy of another AKT inhibitor, capivasertib, in combination
with the same CHT agent (paclitaxel), compared to a placebo and
paclitaxel, in a group of women with untreated metastatic TNBC
[41]. Based on the PAKT study report, an addition of capivasertib
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to paclitaxel resulted in improving the median PFS (5.9 months vs.
4.2 months) and OS (19.1 months vs. 12.6 months) compared to the
paclitaxel alone arm. It should be highlighted that the advantages
of capivasertib (with paclitaxel) were even more evident in the
subset of women with TNBC, whose tumors harbored PIK3CA/
AK1/PTEN mutations (e.g.,. among these particular patients, a
median PFS was 9.3 months vs. 3.7 months, in those, who were
treated with paclitaxel only) [41].
Notably, the mesenchymal (M) subtype of TNBC has been
related to abnormal PI3K/ mammalian target of rapamycin (mTOR)
pathway activation and poor clinical outcomes. In this context,
adding the mTOR inhibitors (e.g., temsirolimus or everolimus)
has been examined, in combination with CHT (e.g., a liposomal
formulation of doxorubicin) and an anti-vascular endothelial
growth factor (VEGF) antibody (bevacizumab) [42]. However,
these agents are still undergoing clinical investigations, and
they have not been incorporated to the standard of care TNBC
treatment.
Current research progress on the therapeutic targets of
chemotherapy agents – A spotlight on tubulin polymerization
inhibitors: eribulin and utidelone
In line with the 4th European School of Oncology (ESO) and
European Society for Medical Oncology (ESMO) International
Consensus Guidelines for Advanced Breast Cancer (ABC 4),
a sequential single-agent CHT has been recommended as the
first choice for women with advanced BC, and a combination
therapy has been used predominantly for fast progression, visceral
metastases, or urgent control of symptoms [43]. If a patient
received previous anthracycline and taxane CHT and did not
require combination treatment, a monotherapy (e.g., capecitabine,
vinorelbine, or eribulin), has been the preferred option [43].
According to the 5th ESO-ESMO international consensus
guidelines for ABC, in patients with advanced or metastatic
TNBC (regardless of BRCA status), who received prior treatment
with anthracyclines (with or without taxanes) in the (neo)adjuvant
setting, carboplatin (that revealed comparable efficacy and a lower
toxicity than docetaxel) represents a valid therapeutic strategy. For
non-BRCA-associated advanced or metastatic TNBC, there are no
data supporting specific CHT recommendations, besides platinum
agents [44].
Unfortunately, some patients have developed resistance to
anthracycline and taxanes, and thus, new approaches are needed.
One of the promising CHT options consists of the application of
tubulin polymerization blockers, such as eribulin and utidelone,
which have been investigated in clinical studies [45, 46, 47].
Eribulin, a tubulin polymerization inhibitor, has demonstrated
some favorable efficacy and safety, in patients with advanced
TNBC (e.g., significantly prolonged OS compared to capecitabine,
in advanced TNBC) [45]. Moreover, the PFS was improved with
the use of eribulin, compared to vinorelbine, in women with
locally recurrent or metastatic BC [46]. Utidelone, a non-taxane
tubulin polymerization inhibitor, is a genetically engineered
analogue of epothilone. A recent trial comparing the efficacy and
safety of utidelone plus capecitabine with the efficacy and safety of
capecitabine alone, in patients with metastatic BC (who progressed
after previous CHT with anthracycline and taxane) has shown the
median PFS of 8.4 months in the combination therapy group and 4.3
months in the monotherapy group [47]. In addition, a prolonged
PFS was reported with the combination therapy compared to the
monotherapy, in the subgroup of women with advanced TNBC [47].
Conclusion
In summary, the majority of TNBCs are characterized by a
negative or very low AR expression. The AR-negative TNBC
represents a highly aggressive QNBC phenotype. Presumably,
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placing QNBC into a distinct category from the TNBC subtype
could be a reasonable step forward. Unfortunately, the absence
of expression of ER, PR, AR, and HER2 has reduced, for many
years, the TNBC and QNBC pharmacologic treatment options to
cytotoxic CHT. However, at present, some novel therapies, which
target the host immune tumor surveillance system (e.g., via PDL1 and PD-1 ICI, such as atezolizumab and pembrolizumab), the
damaged DNA repair machinery secondary to BRCA1/2 mutations
(e.g., by PARP inhibitors, like olaparib and talazoparib), and the
Trop-2 (e.g., via an ADC, sacituzumab govitecan-hziy) represent
desirable breakthrough strategies.
The current status of research on synergistic treatments of these
malignancy can be summarized, as follows: the immunotherapy
for immune checkpoints, molecular targeted therapies, and new
CHT strategies should be offered for many eligible patients with
advanced and metastatic TNBC. Of course, such therapies need to
be precisely tailored to each individual patient’s clinical scenario,
and then monitored closely.
With regard to the immunotherapy, atezolizumab plus nabpaclitaxel can be used as the first-line therapy for PD-L1-positive
advanced or metastatic TNBC (e.g., de novo or at least one year
since (neo)adjuvant CHT). However, ICI monotherapy in later
lines for advanced or metastatic TNBC is not recommended,
because of low response rates. Importantly, evaluating the PDL1 status, with the Ventana (SP142) test (a companion diagnostic
immunohistochemistry (IHC) assay) for the use of atezolizumab
(in combination with a taxanes) for the first-line therapy in
advanced or metastatic TNBC (a cut-off of 1% positive staining on
immune cells) is crucial to optimize the patient’s selection for this
treatment.
In women with advanced or metastatic TNBC, who carry
BRCA1/2 mutation, the targeted treatment with PARP inhibitors
(e.g., olaparib and talazoparib) can be beneficial. In order to take
advantage of these therapies, such patients need to be tested for the
presence of germline BRCA1/2 mutations (to determine whether
or not they would qualify for this option).
The AR is a potential target in TNBC, and thus, the targeted
application of AR antagonists (e.g., bicalutamide, enzalutamide,
or abiraterone acetate) has been explored in clinical studies, which
suggested that these agents have antitumor activity and good
tolerance in patients with AR-positive TNBC subtype (however, at
present AR antagonists should not be used in the clinical setting,
since a standardized assay for the AR is still not available)
Moreover, in the CHT armamentarium against advanced
or metastatic TNBC, eribulin appears superior to paclitaxel,
carboplatin, capecitabine, and vinorelbine options. Likewise, a
combination treatment of utidelone and capecitabine seems to be
superior to capecitabine alone in the refractory forms of TNBC.
Also, in recent clinical studies, AKT inhibitors, ipatasertib, and
capivasertib have shown some good efficacy and safety results, in
patients with advanced TNBC.
It should be highlighted that disseminating current knowledge
about promising research avenues and clinical considerations in
the TNBC and QNBC area within the medical communities (e.g.,
among the physicians and their patients at risk, or afflicted by
this malignancy) is crucial, since it will maximize chances for the
improved patient’s outcomes.
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