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Abstract: Triple-negative breast cancer (TNBC) is one of the most aggressive subtypes of
breast cancer, accounting for approximately 15% of cases, and is defined by the lack of
expression of hormone receptors (estrogen and progesterone receptors) and lack of amplifi-
cation or overexpression of human epidermal growth receptor 2 (HER2). Due to the lack of
targets of hormone receptors and HER2, treatment of TNBC or advanced TNBC relies on
conventional chemotherapeutic agents, but their efficacy and prognosis are poor. In patients
with advanced TNBC, poorer outcomes are observed. Recently, with the launch of clinical
trials and advancements in molecular studies, targeted therapy for signaling transduction
pathways, immunotherapy for immune checkpoints, and new chemotherapy strategies have
provided feasible or potential therapeutic options for advanced TNBC. This review aimed to
summarize recent progress in targeted therapy, immunotherapy, and chemotherapy for
advanced TNBC.
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Introduction

According to the American Cancer Society statistics from 1975 to 2016, breast
cancer continued to have the highest incidence among tumors in women in the
United States. The agency estimated that, in 2020, morbidity and mortality of breast
cancer accounted for 30% and 15%, respectively, of all tumors in women.' Based
on immunohistochemistry (IHC) and fluorescence in situ hybridization analysis,
triple-negative breast cancer (TNBC) is one of the subtypes of breast cancer defined
by the lack of expression of hormone receptors, including estrogen receptor (ER)
and progesterone receptor (PR), and lack of amplification or overexpression of
human epidermal growth factor receptor 2 (HER2).> TNBC accounts for approxi-
mately 15% of all breast cancers.” TNBC is characterized by younger onset age,
high risk of recurrence after surgery, increased risk of visceral metastasis, and poor
prognosis, which is a challenging problem in clinical practice.*” Due to the absence
of therapeutic targets of hormone receptors and HER2, the main treatment for
TNBC is chemotherapy, but benefits from traditional chemotherapy are poor. In
the advanced stage of TNBC (ie, locally advanced or metastatic), the selectable
drugs are further reduced. In the past few years, the overall survival (OS) for
advanced TNBC had not significantly improved, and the median duration from
distant recurrence to eventual death was generally 14-15 months, which was
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significantly shorter than that of other subtypes of breast
cancer.® Therefore, it is essential to identify new strategies
for advanced TNBC.

TNBC is a highly molecular heterogeneous disease that
can be stratification furtherly. Lehmann et al initially clas-
sified TNBC into six subtypes—basal-like 1 (BL1), basal-
like 2 (BL2), immunomodulatory (IM), mesenchymal (M),
mesenchymal stem-like (MSL), and luminal androgen
receptor (LAR). The main characteristics of the above
subtypes are summarized briefly as follows: BLI is
enriched in genes involved in pathways of cell cycle and
DNA damage response, such as mutations in the breast
cancer susceptibility genes (BRCA); BL2 contains genes
involved in growth factor signaling and receptors, such as
epidermal growth factor receptors (EGFRs); IM contains
genes involved in angiogenesis, such as vascular endothe-
lial growth factor receptor (VEGFR) 2, and immune cell
processes; the M and MSL subtypes contain various
unique genes involved in cell motility and differentiation
pathways, such as mutation in the phosphatidylinositol-
4,5-bisphosphate  3-kinase catalytic subunit alpha
(PIK3CA), and the phosphoinositide 3-kinase (PI3K)/pro-
tein kinase B (AKT)/mammalian target of rapamycin
(mTOR) pathways.” MSL is unique in that it is enriched
with genes involved in angiogenesis, immune signaling,
and growth factor pathways; LAR is ER-negative/AR-
positive and contains genes enriched in hormonally regu-
lated pathways. Relapse-free survivals (RFSs) were sig-
nificantly different between the subtypes (p=0.0083),
regardless of regimens or duration of treatment. The
LAR subtype had a shorter RFS than the BLI1, IM, and
MSL subtypes (p<0.05). A possible explanation for this
may be that the LAR subtype is diagnosed at an older age
compared with other subtypes (p<0.0001).2

Targeted Therapy
Poly ADP-Ribose Polymerase (PARP)

Inhibitors

BRCA are tumor suppressor genes that repair fractured
double-stranded DNA by homologous recombination
repair. Germline BRCA1/2 mutations cause defects in
DNA repair and homologous recombination repair, thus
inducing instability in the genome.® This mechanism is the
basis of tumorigenesis. Patients with breast cancer carry-
ing BRCA1/2 mutations account for 5-10% of breast
cancer cases. Such mutations are more likely found in
patients with a family history of breast or ovarian cancer

(particularly with first-degree family history), younger
patients (age <45 years), and patients with TNBC.>'”
Approximately 40% of patients with TNBC carry
BRCA1/2 mutations, and approximately 60% of the
BRCA1-mutated cancers present TNBC,"" indicating that
TNBC and BRCA1/2 mutations are correlated but not
completely coincidental.

The poly ADP-ribose polymerase (PARP) family con-
sist of ribozymes that catalyze the ribosylation of ADP,
including approximately 17 proteins. These family mem-
bers engage in base resection and repair, thus exerting a
crucial effect in repairing single-stranded DNA damage.'”
If we use PARP inhibitors for BRCA1/2-mutated cells,
these two repair pathways, single-stranded and double-
stranded DNA repair, are blocked. In addition, a study
demonstrated that BRCA2-deficient cells are sensitive to
PARPI1 inhibitors.'* These two statements are currently
considered the theoretical basis for using PARP inhibitors
in the treatment of BRCA1/2-mutated breast cancers. The
interaction between BRCA and PARP significantly con-
forms to the concept of “synthetic lethality,” according to
which there is no effect when there is a defect in one of the
two genes, but a combination of two deficient genes results
in cell or organism death.'* Synthetic lethality is a defect
in tumor suppressor genes in principle and is specifically
lethal to tumor cells, but it has no effect on normal cells.'
This mechanism is conducive for precisely killing tumor
cells.

Olaparib, an oral PARP inhibitor, can suppress PARP1,
PARP2, and PARP3 simultaneously. It is effective to treat
patients with breast cancer with either BRCA1 or BRCA2
mutations. The OlympiAD trial was designed to compare
olaparib with treatment of physician’s choice (TPC) in
patients with HER2-negative metastatic breast cancer
(MBC) and germline BRCA mutation. This trial demon-
strated that olaparib significantly prolonged median pro-
gression-free survival (PFS) compared with TPC (7.0
months vs 4.2 months; p<0.001). In the olaparib group,
most treatment-related adverse events (TRAEs), including
nausea, anemia, vomiting, fatigue, and neutropenia, were
low grade. There is also a lower rate of grade >3 TRAESs in
the olaparib group than in the TPC group.'® Subsequent
OS analysis showed that there was no statistically signifi-
cant difference between the two groups. However, the
subgroup analysis showed that patients who received ola-
parib as first-line therapy were likely to obtain OS benefit.
There was no cumulative effect of long-term toxicity in the
olaparib group (Table 1)."”
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Table | Main PARP/AKT Inhibitors in MBC/TNBC

Drug Trial Phase Population

Design PFS

PARP inhibitors

Olaparib OlympiAD 3 gBRCA-muted MBC Olaparib vs TPC 7.0 vs 4.2 months
(HR 0.58; p<0.001)
Talazoparib EMBRACA 3 gBRCA-muted MBC Talazoparib vs TPC 8.6 vs 5.6 months
(HR 0.54; p<0.001)
Veliparib BROCADE 2 gBRCA-muted MBC VCP vs PCP 14.1 vs 12.3 months
VT vs PCP (p=0.227);

7.4 vs 12.3 months
(HR 1.858; p=0.001)

AKT inhibitors

Ipatasertib LOTUS 2 Advanced TNBC IPAT + PAC vs PBO + PAC ITT: 6.2 vs.4.9 months

(HR 060; p=0-037)

PTEN-low: 6.2 vs.3.7 months (p=018)
Capivasertib PAKT 2 Advanced TNBC CAPI + PAC vs PBO + PAC 5.9 vs.4.2 months

(HR 0.74; p=0.06%)

Note: *Predefined significance level, one-sided p=0.10.

Abbreviations: gBRCA, germline BRCA; m, months; VCP, ipatasertib + carboplatin + paclitaxel; VT, ipatasertib + temozolomide; PCP, placebo + carboplatin + paclitaxel;
PAC, paclitaxel; IPAT, ipatasertib; PAC, paclitaxel; PBO, placebo; ITT, intention-to-treat; CAPI, capivasertib.

Talazoparib is an oral and selective inhibitor of
PARP1/2. The EMBRACA trial compared talazoparib
with TPC (capecitabine, eribulin, gemecitabine, or vinorel-
bine) in patients with MBC and germline BRCA muta-
tions. The study demonstrated that the talazoparib arm
significantly prolonged median PFS compared to the con-
trol arm (8.6 months vs 5.6 months; p<0.001). The objec-
tive response rate (ORR) was higher in the talazoparib
group than in the TPC group (62.6% vs 27.2%;
p<0.001). The most common TRAEs in the talazoparib
group were hematologic toxicities (primarily anemia). The
incidence of grade 3 or 4 hematologic TRAEs was higher
in the talazoparib group than in the TPC group (55% and
38%, respectively).'® Using the European Organization for
Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 and its breast cancer module,
QLQ-BR23, researchers demonstrated that patients who
received talazoparib had an overall improvement in quality
of life and significant delay in the time to definitive clini-
cally meaningful deterioration.'” In addition, patients with
germline BRCA mutation who received and those who did
not receive platinum therapy both benefited from talazo-
parib treatment (Table 1).2°

Veliparib is an oral PARPI1/2 inhibitor. Presently,
recommended dosing schedules of veliparib in various

combination regimens are different. A Phase 1 trial eval-
uated the addition of veliparib to cisplatin and vinorelbine
in advanced TNBC and/or BRCA mutation-associated
breast cancer. This trial found that patients with germline
BRCA mutation were most likely to benefit from study
therapy, regardless of the veliparib dose, and veliparib 300
mg twice daily (BID) schedule was well tolerated.”’ The
BROCADE Phase 2 trial evaluated the addition of veli-
parib to carboplatin/paclitaxel (VCP) or temozolomide
(VT) in patients with BRCA-mutated MBC. Eligible
patients were randomized 1:1:1 to VCP (veliparib at 120
mg BID, days 1-7, 3-week cycle), VT, or placebo plus
carboplatin/paclitaxel (PCP). Compared to PCP, VCP sig-
nificantly improved ORR (77.8% vs 61.3%; p=0.027) but
did not significantly improve PFS and OS. Compared to
PCP, VT did not significantly improve ORR, PFS, and
0S.*? The corresponding Phase 3 trial (BROCADES3,
NCT02163694) has completed recruitment and evaluates
VCP versus PCP in HER2-negative BRCA-associated
MBC. The results have not been reported thus far. An
exposure—response analysis supported that veliparib dos-
ing of the abovementioned BROCADE trial exhibited
additional benefit without significantly affecting safety
when combined with carboplatin and paclitaxel. A higher
dose of veliparib was not observed to have a greater
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benefit in this combination in the abovementioned
patients.”®> A phase 1 trial evaluated the combination of
carboplatin and veliparib at intermittent or continuous
schedules in MBC. The combination veliparib continuous
schedule (250 mg twice daily, d1-d21) and carboplatin
(area under the curve 5, 3-week cycle) demonstrated anti-
tumor activity and good tolerance (Table 1).%*

Currently, there are four Food and Drug Administration
(FDA)-approved PARP inhibitors—olaparib, talazoparib,
rucaparib, and niraparib. Only olaparib and talazoparib
have been approved for patients with the germline
BRCA mutation and HER2-negative MBC. The remaining
two PARP inhibitors are indicated for advanced ovarian

cancer.

AKT Inhibitors

AKT is an important member of the PI3K/AKT/mTOR
signaling pathway.”> AKT is a key node of various down-
stream signaling pathways and promotes cell survival,
growth, metabolism, invasion, and migration by acting
on downstream signaling molecules.’®?’ PIK3CA or
AKTI1 mutation, and phosphatase and tensin homolog
(PTEN) inactivating or loss can activate PI3K/AKT/
mTOR pathway, which is common in TNBC.***’ The
structure and activating mechanism of AKT have been
found for nearly 30 years, but many studies on AKT
inhibitors had come up short until the completion of the
LOTUS trial and PAKT trial.

The LOTUS trial evaluated the safety and efficacy of
adding ipatasertib (an oral AKT inhibitor) to paclitaxel as
a first-line therapy for advanced TNBC. Patients received
ipatasertib plus paclitaxel or placebo plus paclitaxel. The
median PFS was 6.2 months in the ipatasertib group versus
4.9 months in the placebo group (hazard ratio [HR], 0.60;
95% confidence interval [CI], 0.37-0.98; p=0.037). Within
the PIK3CA/AKT1/PTEN-altered subgroup, the difference
in the median PFSs was more significant (9.0 months and
4.9 months, respectively; p=0-041). Within the PIK3CA/
AKT1/PTEN-non-altered subgroup, there was no statisti-
cally significant difference between the two groups
(p=0-36). The most common TRAEs in the ipatasertib
group were gastrointestinal toxicities (diarrhea, nausea,
and vomiting), alopecia, neuropathy, fatigue, and rash
with low grade. The rate of grade >3 TRAEs in the
ipatasertib group was 54%, consisting mainly of diarrhea
(23%).*® The updated OS analysis of the LOTUS trial
showed that an improvement trend was observed in the
ipatasertib group. The 1-year OS rate in the ipatasertib

group was 83%, while that in the placebo group was
70% (Table 1).*!

Similarly, the PAKT trial on paclitaxel plus AKT inhi-
bitor capivasertib versus paclitaxel plus placebo as first-
line therapy in advanced TNBC also yielded a positive
result. The capivasertib group had significantly prolonged
median PFS and OS compared to the placebo group. The
median PFSs in the two groups were 5.9 months and 4.2
months, respectively (one-sided p=0.06). The median OSs
in the two groups were 19.1 months and 12.6 months,
respectively (HR, 0.61; 95% CI, 0.37-0.99; p=0.04). In
the PIK3CA/AKT1/PTEN-altered subgroup, the difference
in the median PFSs was more significant (9.3 months vs
3.7 months, respectively; p=0.01). The most common
grade >3 TRAE in the capivasertib group was diarrhea
(13%) (Table 1).*2

AR Inhibitors

AR, a member of the nuclear steroid hormone receptor
family, was found in approximately 60—70% of all breast
cancers and 20-40% of TNBCs.**** Lehmann et al noted
that AR mRNA was highly expressed in the LAR subtype,
on an average, at nine-fold higher than in the other sub-
types. Growth of the LAR subtype is deemed to be driven
by the AR signaling pathway.” Targeting AR therapy is a
new strategy for TNBC. In addition, LAR subtype is rich
in PIK3CA mutations and thus sensitive to PI3K/mTOR
inhibitors.>*> Patients with AR-negative breast cancer are
observed to have generally younger diagnostic age com-
pared to those with AR-positive breast cancer.*® In early
breast cancer, AR expression is considered to be asso-
ciated with better prognosis than those without AR
expression.”” Therefore, some scholars have proposed the
concept of “Quadruple-negative breast cancer,” which is
defined as AR/ER/PR/HER2-negative breast cancer.*®’
However, the prognostic significance of AR in TNBC is
still controversial.***!

Bicalutamide is an oral, nonsteroidal AR inhibitor that
is initially combined with luteinizing hormone-releasing
hormone analogues for the treatment of metastatic prostate
cancer. Recently, bicalutamide showed antitumor activity
and ER/PR-negative, AR-positive (>10% IHC staining)
MBC with a 19% clinical benefit rate (CBR) and 3-
month median PFS. No patients who received bicaluta-
mide had grade 4/5 TRAEs.*> Abiraterone acetate (AA)
inhibits 17-[a]-hydroxylase/17,20-lyase (CYP17), leading
to reduced serum androgen levels.*> AA is often used in
castration-resistant prostate cancer.** Bonnefoi et al
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reported that AA plus prednisone exhibited 20% CBR and
2.8-month median PFS in AR-positive TNBC. The most
common TRAESs in this trial were fatigue, hypertension,
hypokalaemia, and nausea with low grade.*’ Enzalutamide
is an oral, more powerful AR inhibitor that acts on multi-
ple steps in the AR signaling pathway. Enzalutamide
demonstrated antitumor activity and good tolerance
among patients with metastatic AR-positive tumors.
Traina et al reported that enzalutamide 160 mg daily
exhibited 33% CBR at 16 weeks and 28% CBR at 24
weeks in patients with advanced AR-positive TNBC. The
median PFS and OS were 3.3 months and 17.6 months,
respectively, in the evaluable subgroup. Moreover, 3%
patients who received enzalutamide had grade >3
TRAESs, and they experienced only fatigue (Table 2).*°

Angiogenesis Inhibitors

Most studies have focused on angiogenesis inhibitors
including vascular endothelial growth factor (VEGF) and
VEGFR targets in the treatment of TNBC. The efficacy of
anti-angiogenesis monotherapy in advanced TNBC is
limited.*” However, addition of angiogenesis inhibitors to
conventional chemotherapy has shown a feasible anti-
tumor effect. The ECOG 2100 trial demonstrated that
paclitaxel plus bevacizumab (an anti-VEGF monoclonal
antibody) compared with paclitaxel alone as first-line
treatment significantly improved median PFS in patients
with metastatic HER2-negative breast cancer (11.8 months
vs 5.9 months, p<0.001).48 Based on this trial, bevacizu-
mab was approved by the FDA in 2008. A meta-analysis
of the E2100, AVADO, and RIBBON trials showed that
compared with chemotherapy alone, the combination of
bevacizumab and taxane-based chemotherapy for
advanced TNBC patients improved the median PFS by
2.7 months (p<0.0001). However, the combination group
did not have any OS benefit. The most common grade >3
TRAEs with bevacizumab-containing regimens were neu-
tropenia, sensory neuropathy, and hypertension.*’

In recent years, some optimized combination regimens
have also shown satisfactory outcomes in advanced TNBC
—weekly paclitaxel and carboplatin plus bevacizumab:
10.3-month median PFS and 25.7-month median OS>’
and nab-paclitaxel plus bevacizumab followed by bevaci-
zumab and erlotinib (anti-EGFR) maintenance therapy:
9.1-month median PFS, 18.1-month median OS, and
74% partial response rate.’’ In addition, long ncRNA
encoded 60-amino acid polypeptide (ASRPS), centromere
protein U, endogenous hydrogen sulfide, and exosomal-

annexin A2 have been found to be associated with angio-

genesis and suggested to be potential targets.’>>>

Potential Therapeutic Targets and

Strategies

Palbociclib is an oral and highly selective cyclin-dependent
kinase 4/6 (CDK4/6) inhibitor that has been approved by
the FDA for the treatment of patients with hormone recep-
tor-positive and HER2-negative advanced breast cancer.
Retinoblastoma protein (pRb) is a major phosphorylated
substrate of CDK4/6 and a key response to CDK4/6
inhibitors.’® A preclinical study revealed that palbociclib
and the dual mTOR inhibitor MLNO128 had synergistic
anticancer activity in both pRb-expressing ER-negative
breast cancer and TNBC patient-derived xenograft model.”’
This study found a new target of TNBC—pRb and implied
the use of palbociclib in breast cancer (Table 3). However,
in patients receiving palbociclib treatment, resistance is
common.’® Researchers have demonstrated that enzaluta-
mide could reverse the resistance of palbociclib both in
vitro and vivo.® An ongoing trial (NCT02605486) evalu-
ated the combination of enzalutamide and palbociclib for
the treatment of AR-positive advanced TNBC (Table 2).%
We expect a new strategy, dual-targeting AR and CDK4/6
in TNBC.

Johnstone et al established four metastatic capacity
models of TNBC, within the MDA-MB-231 _HM model,
which was characterized by high metastasis to the lung,
liver, spleen, and spine. Fibroblast growth factor 13
(FGF13) is highly expressed in the HM model and corre-
lated with metastasis of TNBC.®' FGF13 is a potential
target for blockade of TNBC metastasis. Fibroblast growth
factor receptors (FGFRs) are transmembrane receptor
families of FGFs. FGFR3 was highly expressed in TNBC
cell lines prepared by researchers and carried FGFR3-
TACC3 gene fusion. Public dataset analysis showed that
FGFR3 overexpression was associated with poor OS in
breast cancer. However, the frequency was low and only
FGFR3-TACC3 gene fusion activated the oncogenic driver
function of FGFR3 (Table 3).%

Moesin (MSN), a member of the ezrin-radixin-moesin
family, plays a role in the regulation of cell growth, prolif-
MSN was highly
expressed in TNBC compared with other subtypes of breast

eration, invasion, and metastasis.®

cancer and correlated with poor OS. MSN enters the
nucleus with the help of nucleoprotein NONO and activates
downstream cyclic adenosine 3.5-monophosphate (cAMP)
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Table 2 Clinical Trials: Targeting AR Therapy in TNBC

Trial Phase | Pts | Regimen CBR (%) | PFS (Months)
NCT00468715 | 2 424 | Bicalutamide 150 mg daily 19 3.0
NCTOI1842321 | 2 30 AA 1000 mg daily + prednisone 5 mg twice daily 20 2.8
NCT01889238 | 2 78 Enzalutamide 160 mg daily 28 33
NCT02605486 | 1/2 51 Palbociclib 100 mg daily + bicalutamide |00 mg daily, 3 weeks on | week off | NR NR

Abbreviations: Pts, patients; NR, not reported.

Table 3 Potential Targets in TNBC

MSN, NONO, CREB
WEEI, ATR

Src tyrosine kinase

MSN correlates with poor OS
Synergistic effect in TNBC

Regulating osteoclastic bone

Targets Characteristic Regimen

pRb Substrate of CDK4/6 Palbociclib + MLNO128
FGFI3 Overexpresses in the HM model of TNBC Unclear FGFI3 inhibitor
FGFR3 Correlates with poor OS Unclear

FGFR3-TACCS3 fusion gene Activates oncogenic driver function of FGFR3 Unclear

MSN/NONO inhibitor, CREB inhibitor + docetaxel
WEE | inhibitor AZD 1775 + ATR inhibitor AZD6738
Dasatinib

Abbreviations: pRb, retinoblastoma protein; CDK4/6, cyclin-dependent kinase 4/6; FGF13, fibroblast growth factor |3; FGFR3, fibroblast growth factor receptor 3; MSN,

moesin; CREB, element-binding protein; ATR, rad3-related protein.

response element-binding protein (CREB). Targeting MSN,
NONO or CREB suppressed the growth of breast tumor
cells in vivo. Additionally, the combination of the CREB
inhibitor 666—15 and docetaxel exhibited a better suppres-
sing effect (Table 3).%*

Most TNBCs harbor p53 deficiency, and thus, they are
highly dependent on the cell cycle G2/M checkpoint to
respond to DNA damage.®> Tyrosine kinase WEEI
engages in the G2/M checkpoint and regulates DNA
synthesis.’® In ataxia telangiectasia, the rad3-related pro-
tein (ATR), a member of the phosphatidylinositol 3-
kinase-related kinase family, plays a key role in DNA
damage response.®” Researchers have found that a combi-
nation treatment of WEE!1 inhibitor AZD1775 and ATR
inhibitor AZD6738 has synergistic effect in TNBC cell
lines. In other words, AZD6738 can enhance AZD1775-
induced growth inhibition in TNBC by repressing DNA
damage repair and excessive replication stress.®® These
findings inspire further examination of a potential target
strategy in TNBC (Table 3).

Src tyrosine kinase plays key role in the regulation of
osteoclastic bone resorption.®” Lehmann et al found that
the mesenchymal-like TNBC subtypes (M and MSL),
which contain the MDA-MB-231 cell model, were sensi-
tive to the Src inhibitor dasatinib.? Heilmann et al
designed an osteotropic clone of MDA-MB-231 cells that
simulated a model for bone metastasis in TNBC. Based on

the above research findings, dasatinib can inhibit bone
metastasis of the cells.”® Therefore, it is feasible to use
dasatinib to treat bone metastasis of the mesenchymal-like
subtypes (Table 3). Other preclinical research studies have
shown synergistic interactions in TNBC therapy between
dasatinib and afatinib (an EGFR inhibitor), olaparib, and
salinomycin (a polyether antibiotic). These interactions
should be further verified.”" "

Immunotherapy

Immune checkpoints are protective molecules in the
immune system that prevent normal tissue damage caused
by over-activation of T cells. In the treatment of breast
cancer, the most widely studied immune checkpoint recep-
tors include programmed death 1 (PD-1), and its ligand
PD-L1. PD-1 is expressed on activated T cells, B lympho-
cytes, and natural killer cells and associated with tumor
immune resistance. The combination of PD-1 with PD-L1
blocks T cell proliferation and response.’* Breast cancer
was previously thought to be a weakened immunogenic
tumor, but researchers found that the IM subtype, a type of
TNBGC, is rich in genes involved in immune cell processes,
including immune cell signaling, cytokine signaling, anti-
gen processing and presentation, and signaling through
core immune signal transduction pathways.” Second,
high average mutation load and tumor-infiltrating lympho-
cyte (TIL) levels are observed in TNBC, implying high
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immunogenicity in TNBC.”® In addition, a study demon-
strated that PD-L1 was expressed in both tumor cells and
tumor-associated inflammatory cells (eg, immune cells,
stromal TILs, and CD8+ T cells) of breast cancer. PD-L1
expression is prevalent among high-grade, hormone recep-
tor-negative breast cancers. Particularly, TNBC has a
higher rate of PD-L1 expression than other breast cancer
types.”®’® These characteristics suggest immune check-
point inhibitor (ICI) as a feasible therapeutic agent for
TNBC.

Monotherapy

ICI monotherapy demonstrated antitumor activity in the
treatment of advanced TNBC, but their response rates
widely varied. In terms of ICI first-line therapy in
advanced TNBC, pembrolizumab (anti-PD-1 antibody)
showed an ORR of 18.5% or 21.4% in PD-L1+ subgroup
depending on the study.””*" Atezolizumab (anti-PD-L1
antibody) showed 24% ORR.*' However, ICI as second
or higher line therapy in advanced TNBC received low
ORRs, just 6% or 5.3%.5'%2 A trend toward a higher ORR
was observed in the first-line therapy of PD-1/PD-L1
inhibitors.

The PFS of ICI monotherapy in advanced TNBC is
generally 1.4-2.1 months. The OS is generally 9-18
months. The incidence of TRAEs is approximately 60%.
The incidence of grade >3 TRAEs is generally 10-16%.
The most common TRAEs are fatigue, nausea, and
diarrhea.”” ™ Generally, ICI monotherapy was effective
but not significant for advanced TNBC. Therefore, most
studies currently focus on combination therapy (Table 4).

Combination Therapy

In the IMpassion 130 trial, atezolizumab plus nab-pacli-
taxel significantly prolonged median PFS than placebo
plus nab-paclitaxel in advanced TNBC (7.2 months and
5.5 months, respectively; p=0.002). In the PD-LI1+
immune cells (ICs) (>1%) subgroup, the difference in
PFSs between the atezolizumab and control groups was
more significant (7.5 months and 5.0 months, respectively;
p<0.001). However, there was no significant difference in
the OSs between the two groups in the first or second
interim analyses. However, in the PD-L1+ subgroup, the
first interim analysis showed that the median OS was
improved from 15.5 months in the control group to 25.0
months in the atezolizumab group. The second interim
analysis showed that the median OS improved from 18.0
months in the control group to 25.0 months in the

atezolizumab group.®**” Based on the IMpassion 130
trial, the FDA approved combining atezolizumab with
nab-paclitaxel in patients with advanced TNBC with PD-
L1 ICs >1%. In a phase 1b trial, patients with advanced
TNBC received atezolizumab plus nab-paclitaxel. The
ORR was 39.4%. The median duration of response was
9.1 months. The median PFS and OS were 5.5 months and
14.7 months, respectively. However, the TRAEs of this
regime were obvious. Moreover, 73% of patients had
grade >3 TRAEs, neutropenia, and decreased neutrophil
level (Table 4).%® In contrast to the IMpassion 130 trial, the
IMpassion 131 trial (NCT03125902) evaluates atezolizu-
mab plus solvent-based paclitaxel as first-line therapy for
advanced TNBC. This trial will provide valuable informa-
tion on whether similar improvements can be achieved
with an alternative type of taxane. Both the IMpassion
130 and IMpassion 131 trials excluded patients with
early relapse (disease progression after prior chemotherapy
within 12 months for early breast cancer). However,
IMpassion 132 (NCT03371017) focuses on patients with
early relapsing TNBC and evaluates the efficacy and
safety of combining atezolizumab with non-taxane (gem-
citabine plus carboplatin or capecitabine alone).*” This
trial should indicate whether similar improvements can
be achieved with an alternative chemotherapy regimen in
patients with early relapsing TNBC.

In addition, ICI plus targeted drugs also demonstrated a
feasible clinical efficacy for advanced TNBC. The
KEYNOTE 162 trial evaluated the efficacy and safety of
pembrolizumab plus niraparib (a PARP inhibitor) in
advanced TNBC. The ORR of the overall population was
29%. Particularly, the BRCA mutation subgroup obtained
a quite high ORR of 67%. Patients with PD-L1+ (>1%)
had a higher ORR than PD-LI- ones (33% and 15%,
respectively). Moreover, 50% of patients had grade >3
TRAESs, thrombocytopenia, and anemia.”® Liu et al initi-
ally reported the antitumor activity of anti-PD-1 antibody
plus antiangiogenic for advanced TNBC. Patients received
camrelizumab and apatinib oral 250 mg continuous dosing
(day [d] 1-d14) or intermittent dosing (d1-d7). In the
apatinib continuous dosing group, the ORR was 43.3%,
while no objective response was found in the apatinib
intermittent dosing group. TRAEs in the two groups
were manageable. Therefore, combination treatment of
camrelizumab and apatinib continuous dosing demon-
strated favorable antitumor activity and good tolerance
for advanced TNBC. Additionally, this trial found that, in
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Table 4 Clinical Trials: Immunotherapy of Advanced TNBC

Trial Phase | Treatment Type of ORR mPFS mOS Incidence of

Drug (Months) | (Months) | TRAEs

Total Grade>3
KEYNOTE-012 | Ib Pembro Anti-PD-1 18.5% NR NR 56.3% 15.6%
KEYNOTE-028 | Ib Pembro Anti-PD-1 12.0% 1.8 8.6 64.0% 16.0%
KEYNOTE-086 | 2 Pembro Anti-PD-1 5.3% 2.0 9.0 60.6% 12.9%
cohort A
KEYNOTE-086 | 2 Pembro Anti-PD-1 21.4% 2.1 18.0 63.1% <1%
cohort B
JAVELIN solid Ib Avelumab Anti-PD-1 5.2% NR NR 68.5% 13.7%
tumor
NCTO01375842 | | Atezo Anti-PD-L1 24.0% 1.4 17.6 63.0% 11.0%
(first-line)
IMpassion |30 3 Atezo + nab-P vs Anti-PD-L1 NR 72 vs 5.5 213 vs 99.3% vs | 48.7%
Placebo + nab-P + Chemo 17.6 97.9% vs.42.2%

IMpassion |30 21.0 vs 97.0%vs | 54.0% vs
updated 18.7 94.0% 38.0%
NCTO01633970 | Ib Atezo + nab-P Anti-PD-L1 39.4% 5.5 14.7 100% 73.0%

+ Chemo
KEYNOTE-162 | 2 Pembro + Niraparib Anti-PD-1 + | 67.0% 8.1 NR 98.2% 50.0%

PARPi (BRCAmut)
NCT03394287 | 2 Camre + Apatinib dI-14 vs Anti-PD-1 + | 43.3%vs 0 37vs 19 NR 100% VS | 26.7% vs

Camre + Apatinib dI-7 Antiangi 90% 20.0%

Abbreviations: mPFS, median progression-free survival; mOS, overall survival; Pembro, pembrolizumab; Atezo, atezolizumab; nab-P, nab-paclitaxel; Chemo, chemotherapy;

Camre, camrelizumab; PARPi, PARP inhibitor; Antiangi, antiangiogenesis.

the continuous dosing group, TILs >10% were associated
with higher ORR and favorable PFS (Table 4)%!

PD-LI as a Biomarker

The JAVELIN Solid Tumor trial was designed to evaluate
the efficacy and safety of avelumab (an anti-PD-L1 anti-
body) in patients with advanced breast cancer. The trial
found that antitumor efficacy of avelumab was not related
to the amount of PD-L1 expression in tumor cells but was
associated with the amount of PD-L1 expression in ICs. In
patients with PD-L1+ or PD-L1—- ICs (10% threshold), the
ORR was 16.7% versus 1.6% in the overall group
(p=0.039) and 22.2% versus 2.6% in the TNBC subgroup.-
8 However, another study on atezolizumab for advanced
TNBC found a different relationship between the threshold
of PD-L1 ICs and antitumor efficacy. Patients with PD-L1
expression of at least 1% ICs had higher ORRs than those
with <1% ICs (12% and 0, respectively). High levels of

PD-L1+ ICs (>10%) were independently associated with
higher ORR.®! As mentioned above, the IMpassion 130
trial suggested that patients who received atezolizumab
plus nab-paclitaxel with PD-L1 ICs >1% had a longer
PFS than the overall group.®® The KEYNOTE 162 trial
suggested that patients who received pembrolizumab plus
niraparib had higher ORR with PD-L1 ICs >1% than those
with PD-L1 ICs <1%.%° Therefore, PD-L1 expression in
ICs might be related to the antitumor efficacy of PD-1/PD-
L1 inhibitors. Compared to PD-L1- patients, PD-L1+
patients are more sensitive to PD-1/PD-L1 inhibitor treat-
ment, and the threshold was generally deemed as 1%.
However, the threshold of PD-L1 among different test
kits may vary. It is noteworthy that Chinese scholars
have revealed that nucleophosmin (NPM1) binds to the
PD-L1 promoter through its nucleic acid binding domain
and activated PD-L1 transcription in TNBC cells. They
also demonstrated that PARPI interacts with the binding
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domain of NPM1, thus suppressing PD-L1 transcription,
implying that using PARP1 inhibitors for patients with
PD-L1—- TNBC will exert a better antitumor effect with
anti-PD-L1 therapy.”? However, further studies are needed
to verify the efficacy of PARPI inhibitors in PD-L1—
TNBC patients.

Chemotherapy

The fourth ESO-ESMO-ABC guideline recommends
sequential single-agent chemotherapy as the primary
choice for advanced breast cancer. Combination treatment
is mainly used for rapid progression, severe visceral
metastases, or rapid symptom control. Anthracycline- and
taxane-based chemotherapy is usually recommended as the
first-line treatment for HER2-negative advanced breast
cancer. If patients received prior anthracycline and taxane
treatment and do not require combination therapy, mono-
therapy, such as capecitabine, vinorelbine, and eribulin,
are the preferred options.”®> However, inevitably, some
patients are resistant to anthracycline and taxane or do
not respond to conventional chemotherapy drugs.
Therefore, it is necessary to discuss new strategies to

optimize current chemotherapy regimens.

Eribulin

Eribulin is a tubulin polymerization inhibitor. Study 305
first demonstrated that eribulin prolonged OS compared
with TPC in advanced breast cancer. Patients received 2—5
previous chemotherapy regimens, including anthracycline
and taxane. The median OS of two groups was 13.1
months and 10.6 months, respectively (HR, 0-81; 95%
CI, 0:66-0-99; p=0-041). ORR was also significantly
improved in the eribulin group versus the TPC group
(12% and 5%, respectively; p=0.002). The most common
TRAE:s in the two groups were fatigue and neutropenia.
Incidences of grade >3 TRAEs in the two groups were
similar. Grade >3 TRAEs in the eribulin group were
mainly neutropenia and peripheral neuropathy. These
TRAEs could be managed by delaying, reducing dosing,
and symptomatic treatment.”* Study 301 was designed to
compare eribulin with capecitabine in advanced breast
cancer.”> Although no evidence has shown that eribulin
was superior to capecitabine in PFS and OS, integration
studies 305 and 301 found that eribulin significantly pro-
longed OS than TPC or capecitabine in advanced TNBC
(12.4 months and 8.1 months, respectively; p<0.01).°® In
addition, compared to vinorelbine, eribulin significantly
improved PFS (p=0.036) and ORR (p<0.001) in advanced

breast cancer. The incidence of TRAEs caused by eribulin
was lower than that caused by vinorelbine. Subgroup
analysis showed that improvement in PFS was also
observed with eribulin over vinorelbine in advanced
TNBC.”” Overall, eribulin demonstrated favorable efficacy
and safety in advanced TNBC, providing a new che-
motherapy option for advanced refractory TNBC.

Utidelone

Utidelone is a genetically engineered epothilone analogue,
also known as a novel non-taxane tubulin polymerization
inhibitor. A study was designed to compare the efficacy and
safety of utidelone plus capecitabine with the efficacy and
safety of capecitabine alone in patients with breast cancer
who had disease progression after prior anthracycline and
taxane chemotherapy. The median PFS was 8.44 months in
the combination therapy group and 4.27 months in the mono-
therapy group (HR, 0-46; 95% CI, 0.36-0.59; p<0-0001).
The ORR was 40.4% in the combination therapy group and
21.5% in the monotherapy group (p=0-0002). Similarly,
improvement in PFS was also observed in the combination
therapy group over the monotherapy group in the TNBC
subgroup. The final result of OS has not been reported. The
most common serious TRAE in the combination therapy
group was peripheral neuropathy, which was manageable
through delaying, reducing dosing, and symptomatic
treatment.”® This study demonstrated the superiority of uti-
delone plus capecitabine versus capecitabine alone for either
advanced breast cancer or advanced TNBC.

Conclusions

TNBC is a highly aggressive and heterogeneous subtype of
breast cancer.””'%’ In the targeted therapy of advanced
TNBC, patients carrying germline BRCA1/2 mutation can
profit from PARP inhibitors, such as olaparib and talazo-
parib. AKT inhibitors, ipatasertib, and capivasertib demon-
strate efficacy and safety in advanced TNBC. In the
PIK3CA/AKT1/PTEN-altered
activity was more significant. AR inhibitors (bicalutamide,

subgroup, the antitumor
enzalutamide, and abiraterone acetate) exhibit antitumor
activity and good tolerance in patients with AR+.
Optimized bevacizumab-containing regimens resulted in
satisfactory outcomes. In the immunotherapy of advanced
TNBC, progress is mainly reflected in PD-1/PD-L1 inhibi-
tors. Atezolizumab plus nab-paclitaxel, pembrolizumab plus
niraparib, and camrelizumab plus apatinib continuous dosing
demonstrated favorable efficacy and safety in advanced
TNBC. Patients with BRCA mutation showed more
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significant efficacy from ICI plus PARP inhibitors, such as
pembrolizumab plus niraparib. Overall, ICI combination
therapy exhibits more significant clinical efficacy than ICI
monotherapy, corresponding to a higher incidence of TRAEs
in advanced TNBC. PD-L1 as a biomarker in immunother-
apy has a certain value in predicting the efficacy of PD-1/PD-
L1 inhibitors. Taken together, the abovementioned informa-
tion suggests that it is important to test valid targets and
biomarkers for precise and individualized treatment of
TNBC. In the chemotherapy of advanced TNBC, eribulin is
superior to TPC/capecitabine/vinorelbine. Combination
treatment of utidelone and capecitabine is superior to cape-
citabine alone. Eribulin and utidelone provide new che-
motherapy options for patients with refractory TNBC.
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