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Abstract: Metastatic breast cancer (mBC) continues to be a leading cause of cancer-related death in

women. Even though mortality rates have improved over recent years, the 5-year survival rate of advanced

BC is still at only 27%. As researchers and clinicians attempt to tackle this challenge, there has been

extensive research and many trials studying treatment options for BC patients with metastatic disease, with

numerous new therapies being discovered as a result. We review the most pertinent novel agents to enter the

scope of BC treatment, including CDK4/6 inhibitors, PI3K inhibitors, mTOR inhibitors, immunotherapy,

PARP inhibitors, and more.
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Introduction

Worldwide, breast cancer (BC) is the most common
cancer in women and the second leading cause of cancer-
related death in women in the United States. Despite an
improvement in mortality trends, the American Cancer
Society estimates that more than 42,000 patients will die of
BC in the US in the year 2019, and the 5-year survival rate
of metastatic BC (mBC) is at 27% (1). This indicates that
we still have a way to go when it comes to the treatment of
advanced BC.

mBC can be divided into three therapeutic subtypes:
estrogen-receptor (ER) positive, HER-2 positive, and
triple-negative BC (TNBC). ER-positive/HER-2
negative BC accounts for about 70% of BC cases (2), and
traditionally these have been treated with endocrine therapy
like tamoxifen and aromatase inhibitors. HER-2 positive
cancers account for about 15-20% of the cases (3) and are
classically treated anti-HER-2 agents such as trastuzumab,
and TNBC accounts for about up to 15% of cases (4), with
chemotherapy being the cornerstone of its treatment.

In recent years there have been new therapies developed

© Annals of Translational Medicine. All rights reserved.

and researched for the management of patients with mBC.
We will review these novel treatment options available for
each type of advanced BC and those that are still under
investigation.

ER-positive BC
CDK4/6 inbibitors

CDK4 and CDKG6 are proteins that play an important
role in cellular proliferation and are often dysregulated or
overexpressed in BCs, particularly HR-positive BCs (5,6).
Inhibiting CDK4 and CDKG6 in cancer cell cultures reduced
the growth of cells in vitro, particularly among HR-positive
BC cultures (7,8). This has translated to in vivo efficacy as
numerous clinical trials have proven the utility of agents
antagonizing the CDK4/6 pathway in ER-positive BC
patients.

The main CDK4/6 inhibitors are palbociclib, ribociclib,
and abemaciclib, and they are typically used in conjunction
with endocrine therapy such as letrozole or fulvestrant.

In the PALOMA-1/TRIO-18 trial, a phase 2 randomized
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control trial (RCT) done in patients with metastatic
ER-positive BC, patients were randomized into groups
receiving the aromatase inhibitor letrozole or letrozole and
palbociclib. In the group receiving palbociclib, progression-
free survival (PFS) was improved by 10 months [20.2 vs.
10.2 months; hazard ratio (HR) 0.49, 95% confidence
interval (CI), 0.32-0.75; P<0.001] (9). The results of this
trial led to the accelerated approval of palbociclib in the
United States. The PALOMA-2 trial was a phase 3 trial that
produced a similar 10-month improvement in PFS among
patients taking the combination of letrozole and palbociclib
versus letrozole alone (24.8 vs. 14.5 months; HR 0.58; 95%
CI, 0.46-0.72; P<0.001) (10).

The PALOMA-3 trial was also conducted—a phase 3
trial to assess the benefit of palbociclib after metastatic
ER-positive BC had progressed on endocrine therapy,
to determine if CDK4/6 inhibitors have any role in
overcoming resistance to anti-hormonal therapy. Patients
received either fulvestrant and palbociclib or fulvestrant
and placebo, and the group that received palbociclib had an
improvement in their median PFS by almost 6 months (9.2
vs. 3.8 months; HR 0.42, 95% CI, 0.32-0.56; P<0.001) (11).

Ribociclib was also studied in combination with letrozole
and produced similar results (12), with a PFS that was
significantly longer than the placebo group (HR 0.56;
95% CI, 0.43-0.72; P<0.01). In the MONALEESA-7
trial, ribociclib in combination with endocrine therapy
was shown to increase overall survival at 42 months when
compared to placebo (70.2% wvs. 46.0%, HR for death 0.71;
95% CI, 0.54-0.95; P<0.01) (13). Abemaciclib was studied
in combination with fulvestrant in patients with metastatic
ER-positive BC who had progressed on endocrine therapy,
and the addition of abemaciclib to fulvestrant significantly
improved median PFS when compared to fulvestrant
alone (16.4 vs. 9.3 months; HR 0.55; 95% CI, 0.45-0.68;
P<0.001) (14). The median OS of the abemaciclib group
was 46.7 months compared to 37.3 months for the placebo
group (HR 0.757; 95% CI, 0.606-0.945; P=0.01) (15).
When used as first-line therapy for metastatic ER-positive
BC, abemaciclib combined with an aromatase inhibitor
also had improved PFS compared to an aromatase inhibitor
alone (16).

Given the findings of these trials, adding CDK4/6
inhibitors to endocrine therapy is now standard of care for
patients with metastatic ER-positive BC. Of note, the most
common adverse events of the CDK4/6 inhibitors in these
trials were neutropenia (20-60%) and leukopenia (7-21%)
with ribociclib, and diarrhea (10-80%) and transaminitis
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(30-50%) with abemaciclib, and fatigue (up to 40%).
Notably, ribociclib can prolong the Q'Ic interval. As of
yet, there are no biomarkers that are clinically useful to
determine which patients will respond better to CDK4/6
inhibitors.

PI3BK/AKT inbibitors

AKT is a serine/threonine kinase that interacts with
phosphoinositides, which comprise 10-15% of membrane
phospholipids, to produce several downstream effects that
promote cell growth and proliferation. It is a part of the
critical PI3K/AKT/mTOR pathway that is known to be
a key mechanism of oncogenesis (17). PI3K mutations
are frequently seen in BC that is ER-positive and is
seen less often in ER-negative BCs, with the exception
of certain subtypes of TNBC (18). This is likely due to
the downstream effect of PI3K activation leading to the
expression of the estrogen receptor and is the rationale
behind combining PI3K inhibitors with endocrine agents.

The two major categories of PI3K inhibitors are the
pan-class PI3K inhibitors such as buparlisib versus isoform-
specific PI3K inhibitors such as alpelisib that are designed
to be selective to one or more of the isoforms of the
catalytic subunit of PI3K. Phase 1 dose-escalation studies of
buparlisib showed that treatment was generally tolerated in
patients with solid tumors (19,20). The phase 3 randomized
BELLE-2 trial showed the addition of buparlisib plus
fulvestrant versus placebo plus fulvestrant significantly
improved PFS in advanced ER-positive/HER-2 negative
BC (21), but the difference in OS was not statistically
significant (22). Notably, there was more toxicity among
the patients receiving buparlisib, particularly transaminitis,
hyperglycemia, and rashes.

There has been a shift towards the use of isoform-specific
PI3K inhibitors due to the theory of improved efficacy
and reduced toxicity with more specific inhibition. The
isoform-specific PI3K inhibitors target one or more of the
four isoforms of the catalytic subunit of PI3K. In a phase Ib
study of alpelisib combined with letrozole in ER-positive
mBC, clinical benefit was seen in 35% of the 26 patients
studied with objective responses in five patients (23). In the
phase 3 SOLAR-1 trial, alpelisib combined with fulvestrant
compared to fulvestrant and placebo showed significantly
increased PFS (11 vs. 5.7 months, HR for progression or
death 0.65; 95% CI, 0.50-0.85; P<0.001) in the PIK3CA-
mutated cohort of patients with ER-positive/HER-2
negative advanced BC (24). This study demonstrates the
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Figure 1 Mechanism of action of agents used in the treatment of HER-2 positive breast cancer.

utility in selecting isoform-specific PI3K inhibitors although
the side effect profile of hyperglycemia and GI upset is still
commonly seen in this category.

There is growing evidence that targeting the PI3K
pathway in TNBC may be beneficial. The LOTUS trial
was a phase II study designed to investigate the efficacy of
ipatasertib, an inhibitor of all three AKT isoforms, plus
paclitaxel in treatment-naive locally advanced or metastatic
TNBC. It showed PFS was increased with the addition
of ipatasertib versus placebo (25). Similarly, the PAKT
trial, another phase II trial, found that both median PFS
and OS were significantly longer in patients treated with
capivasertib plus paclitaxel vs. the placebo plus paclitaxel
cohort (26). Although there is much work left to do in
considering the treatment for TNBC, these initial studies
show promise of the efficacy of PI3K inhibitors in both ER-
positive and TNBC.

mTOR inbibitors

mTOR, mammalian target of rapamycin, is a serine-
threonine kinase involved in cell growth, differentiation,
and autophagy (27). It is involved in the PI3K/AKT
pathway, and activating mutations in this pathway have been
associated with resistance to cancer treatment, including
endocrine therapy (28,29). Everolimus and temsirolimus,
analogs of rapamycin, have been studied in clinical trials in
BC patients.

The phase III BOLERO-2 trial randomized post-
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menopausal woman with ER-positive mBC to receive either
everolimus plus exemestane (an aromatase inhibitor) or
placebo plus exemestane. The addition of everolimus was
shown to prolong median PFES (10.6 versus 4.1 months; HR
0.36; 95% CI, 0.27-0.47; P<0.001) (30). In the BOLERO-3
trial, women with HER-2 positive mBC that was resistant to
trastuzumab were randomized to receive either everolimus
plus trastuzumab plus vinorelbine or placebo plus
trastuzumab plus vinorelbine, and median PFS was longer
in the group that received everolimus (7 vs. 5.8 months;
HR 0.78; 95% CI, 0.65-0.95; P=0.0067) (31). The most
common toxicities that occurred with the addition
of everolimus were neutropenia, leukopenia, anemia,
mucositis, and fatigue. Other trials evaluating the efficacy of
everolimus are underway (NCT02313051, NCT01783444).

Her-2 positive BC
Dual anti-HER-2 therapy

For years, the mainstay of treatment for metastatic HER-
2 positive BC has been utilizing trastuzumab, a monoclonal
antibody targeting HER-2 (see Figure I), in combination
with chemotherapeutic agents such as paclitaxel or
docetaxel (32). As per the CLEOPATRA trial, using
dual anti-HER-2 therapy by adding pertuzumab to the
combination of trastuzumab and docetaxel in patients with
HER-2 positive mBC improved median overall survival
(OS) by more than 15 months (HR 0.68; 95% CI, 0.56-0.84;
P<0.001). Pertuzumab also extended the median duration of
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response by 7.7 months (33). Adding pertuzumab increased
the risk of mucositis, diarrhea, and rash. Given the results
of this trial, HER-2 positive mBC is now routinely being
treated with dual anti-HER-2 therapy (trastuzumab and
pertuzumab) and a taxane.

Trastuzumab emtansine and trastuzumab deruxtecan

Another important development was the production of
trastuzumab emtansine (also known as T-DM1). This is
a conjugate of trastuzumab with the drug emtansine (a
microtubule inhibitor), combining the anti-HER-2 effect
of trastuzumab with cytotoxic effect of emtansine, being
delivered in a targeted fashion to cancer cells expressing
HER-2 (see Figure 1) (34). The EMILIA phase III trial
compared trastuzumab emtansine versus lapatinib plus
capecitabine in patients with advanced HER-2 positive
BC who had undergone prior treatment with trastuzumab
and a taxane (35). Median PFS was 9.6 months with
trastuzumab emtansine versus 6.4 months with lapatinib
plus capecitabine (HR for progression or death from
any cause 0.65; 95% CI, 0.55-0.77; P<0.001). Also, OS
was 30.9 months with trastuzumab emtansine versus
25.1 months lapatinib plus capecitabine (HR 0.68; 95% CI,
0.55-0.85; P<0.001), and the objective response rate (ORR)
was 43.6% with trastuzumab emtansine versus 30.8%
with lapatinib plus capecitabine (P<0.001). The common
toxicities associated with trastuzumab emtansine were
thrombocytopenia and transaminitis.

The TH3RESA trial was another phase III trial that
also recruited patients with HER-2 positive mBC and
compared trastuzumab emtansine against the physicians’
choices of treatment. The trial demonstrated comparable
improvements in PFS and OS in the trastuzumab emtansine
group with lower rates of grade 3 or worse adverse
events (36). Based on the results of these trials, trastuzumab
emtansine is now recommended in patients with HER-2
positive mBC as second-line therapy or beyond.

Similarly, trastuzumab deruxtecan (DS 8210) combines
trastuzumab with a cytotoxic topoisomerase I inhibitor. In
a phase II trial published in December 2019, 184 patients
with metastatic HER-2 positive BC who had undergone
prior treatment with T-DM1 were treated with trastuzumab
deruxtecan; 60.9% of patients responded to therapy, with
a median PFS of 16.4 months (37). As a result of these
findings, the FDA has granted accelerated approval of
trastuzumab deruxtecan for metastatic HER-r positive BC
following two or more prior anti-HER?2 treatments (38).
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HER-2 tyrosine kinase inbibitors

Lapatinib and neratinib are HER-2-specific tyrosine
kinase inhibitors (TKI) that have shown efficacy in the
management of BCs expressing HER-2 (see Figure 1) (39).
While lapatinib has been studied in the past and has been
approved for use with capecitabine against HER-2 positive
BCs that progressed after treatment (40), neratinib has only
been more recently studied. So far, neratinib has mostly
been shown to be effective in local BC (41), but there are
promising results of efficacy from a phase 1b trial of patients
with metastatic HER-2 positive BC treated with T-DM1
plus neratinib in patients who progressed on trastuzumab
plus pertuzumab (42). In the trial, 63% of patients had
a response to treatment. Side effects included diarrhea,
thrombocytopenia, and nausea.

In a study published in February 2020, tucatinib, another
HER-2 TKI, was compared to placebo in combination
with trastuzumab and capecitabine in patients with HER-
2 positive BC who had been previously treated with
trastuzumab, pertuzumab, and T-DM1 (43). PFS at 1 year
was 33.1% in the tucatinib group and 12.3% in the placebo
(HR 0.54; 95% CI, 0.42-0.71; P<0.001). Two-year OS was
44.9% vs. 26.6% in the tucatinib group and vs. the placebo
group (HR 0.66; 95% CI, 0.50-0.88; P=0.005). Common
side effects seen were diarrhea, nausea, vomiting, and
palmar-plantar erythrodysesthesia.

TNBC
Immunotberapy

Programmed cell death protein 1 (PD-1) is an immune
checkpoint protein on lymphocyte cell surfaces responsible
for suppressing regulatory T cell activity, thus reducing
apoptosis by guarding against autoimmunity and preventing
the immune system from killing cancer cells. Programmed
cell death ligand-1 (PD-L1) is a protein expressed on tumor
cells which reduces the activity of T cells by binding to
PD-1. Checkpoint inhibitors can block inhibitory signals
to T cell activation by blocking either PD-L1 (e.g.,
atezolizumab) or PD-1 (e.g., pembrolizumab), therefore
allowing the immune system to recognize and destroy cancer
cells (44). TNBC is considered the most likely type of BC to
respond to immunotherapy, as it has the greatest mutational
frequency, increasing the chance of expressing immunogenic
neoantigens (45), and TNBC tumors tend to contain
notable amounts of tumor-infiltrating lymphocytes (46).
Pembrolizumab was initially studied in the phase 1b
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Keynote-012 study in 32 women with metastatic TNBC (of
which 58.6% had PD-L1-positive disease). It demonstrated
acceptable tolerability with an 18.5% overall response rate.
Of note, there was an increased probability of response in
this trial with increasing PD-L1 expression (47). As of now,
pembrolizumab combined with chemotherapy is undergoing
a phase III Keynote-355 trial in patients with inoperable
or metastatic TNBC (NCT02819518) (48), and a phase III
Keynote-119 trial being compared to chemotherapy as a
single agent, also for metastatic TNBC (NCT02555657).

The IMpassion 130 trial, a phase III trial published in
late 2018, showed significant benefit with atezolizumab
was combined with nab-paclitaxel (49). The trial randomly
assigned 92 patients with untreated metastatic TNBC to
receive atezolizumab plus nab-paclitaxel (AP) or placebo
plus nab-paclitaxel (PP). The median PFS was 1.7 months
longer in the AP group compared to the PP group (7.2 vs.
5.5 months; HR for progression or death, 0.80; 95% CI,
0.69-0.92; P=0.002). Although the median overall survival
was 3.7 months longer in the AP group compared to
the PP group, it was not statistically significant (21.3 vs.
17.6 months; HR for death, 0.84; 95% CI, 0.69 to 1.02;
P=0.08).

However, in patients with PD-L1 positive tumors
(determined by PD-L1 expression on tumor-infiltrating
immune cells), the median PFS was 2.5 months longer in
the AP group compared to the PP group (7.5 vs. 5.0 months;
HR 0.62; 95% CI, 0.49-0.78; P<0.001). The median
overall survival in this category of patients was 9.5 months
longer in the AP group compared to the PP group and was
statistically significant (25.0 vs. 15.5 months; HR for death
0.62; 95% CI, 0.45 to 0.86). The results of the IMpassion
130 trial led to the approval of atezolizumab for PD-L1
positive BC.

Nivolumab (an anti-PD-1 agent) was studied in the
TONIC phase II trial to determine if pre-treatment of
metastatic TNBC with radiotherapy or chemotherapy
(cyclophosphamide, cisplatin or doxorubicin) had any
role in improving response to PD-1 blockade (50). Most
responses were observed in the doxorubicin group (ORR
35%) and cisplatin group (ORR 23%). The ORR of the
entire cohort was 20%. Notably, there was an increased
expression of genes involved in the PD-1/PD-L1 pathway
after treatment with these two agents. These results suggest
there is a role for induction chemotherapy to enhance
the immunogenicity of TNBC and improve responses to
checkpoint inhibitors.

Recent data from the phase II SAFIR02-IMMUNO
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trial showed that durvalumab (another anti-PD-L1 agent)
was effective as maintenance therapy when compared
to chemotherapy in TNBC patients following first or
second-line chemotherapy (51). Among 82 patients with
TNBC, the median OS was 21 months with maintenance
durvalumab compared to 14 months with chemotherapy
(HR 0.54; 95% CI, 0.30-0.97; P=0.0377). In patients with
PD-L1-positive disease, the median OS was 26 months with
durvalumab compared to 12 months with chemotherapy

(HR 0.42; 95% (I, 0.17-1.05; P=0.0552).

Patients with germline BRCA mutations—PARP inhibitors

Polyadenosine diphosphate-ribose polymerase (PARP)
inhibitors have shown efficacy in patients with metastatic
HER2-negative BC and germline BC susceptibility gene
(BRCA) mutations. PARP inhibitors work by inducing
cell death. In a normal cell cycle repair pathway, PARP 1
and 2 proteins help repair single-stranded breaks (SSB) in
DNA. When these breaks go unrepaired, double-stranded
breaks (DSB) can form during DNA replication. BRCALI
and BRCA2 (BRCA1/2) are proteins that are involved in
DNA repair of DSB by homologous recombinant (HR)
repair pathway (52). Notably, when BRCA1 and BRCA?2
genes are mutated, cells become deficient in HR repair and
DNA is repaired with non-homologous end joining which
gives rise to additional DNA alterations and deletions
leading to increased cancer risk. PARP inhibitors work by
causing persistent SSB in some cases leading to DSB by
trapping PARP proteins on DNA in addition to blocking
their catalytic activity, thus causing cytotoxic effects in the
cell (53).

Olaparib, talazoparib, niraparib, veliparib, and rucaparib
are PARP inhibitors of which olaparib and talazoparib
are specifically approved for mBC. The phase III, open-
label OlympiAD trial randomly assigned 302 patients
with germline BRCA mutations and HER2-negative
mBC to receive oral olaparib monotherapy or standard
chemotherapy per the physicians’ choice (54). These patients
had all previously received no more than two chemotherapy
regimens for their mBC and those with ER-positive disease
had received prior endocrine therapy. The median PFS
was 2.8 months longer in the olaparib group compared
to in the standard-therapy group (7.0 vs. 4.2 months)
and the risk of disease progression or death was 42% lower
with olaparib monotherapy than with standard therapy (HR
for disease progression or death, 0.58; 95% CI, 0.43-0.80;
P<0.001). Additionally, the olaparib group had double the
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response rate compared to the standard therapy group
(59.9% vs. 28.8%). The grade 3 or higher adverse events
rate was lower in the olaparib group compared to the
standard chemotherapy group (36.6% wvs. 50.5%). Toxicities
that occurred more frequently in the olaparib group
included anemia, vomiting, fatigue, and cough. While
the overall survival did not significantly differ between
the two treatment groups (HR 0.90; 95% CI, 0.63-1.29;
P=0.57), the trial was not powered to assess this difference.
Moreover, there were confounding variables such as
subsequent treatment in patients specifically those in the
standard therapy group which limited the findings.

Similar to the OlympiAD trial, the phase III EMBRACA
RCT was done to study talazoparib in patients with
advanced BC and germline BRCA mutations who had
received appropriate prior chemotherapy and endocrine
therapy (55). Four hundred and thirty-one patients
were randomized to receive talazoparib monotherapy
or standard chemotherapy with a single agent as per the
physician’s choice. The median PFS was 3 months longer
in the talazoparib group compared to in the standard-
therapy group (8.6 vs. 5.6 months) and the risk of
disease progression or death was lower with talazoparib
monotherapy than with standard therapy (HR for disease
progression or death, 0.54; 95% CI, 0.41-0.71; P<0.001).
Additionally, the talazoparib group had approximately
double the response rate compared to the standard therapy
group (62.6% wvs. 27.2%). The grade 3 or higher adverse
events rate were similar in both, the talazoparib group
and the standard chemotherapy group (25.5% vs. 25.4%),
but more hematologic adverse events (anemia) occurred
in talazoparib vs. standard group (55% vs. 38%) and less
non-hematologic adverse events occurred in talazoparib vs.
standard group (32% vs. 38%).

Other therapies still under investigation
Androgen receptor antagonists

In a meta-analysis that included more than 2,800 patients
with TNBC, nearly a quarter of them were androgen-
receptor positive (56), and several trials have demonstrated
an increased response of TNBC to androgen antagonists
such as bicalutamide and abiraterone acetate (57,58).
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HDAC, AKT-1, and FGF receptor inhibitors

Entinostat, a histone deacetylase (HDAC) inhibitor,
seems to have shown some benefit when combined
with exemestane in a phase 2 trial (59) and is now being
studied in a phase 3 trial (NCT02115282). Capivasertib
(AZD5363), an AK'T-1 inhibitor, is also under investigation.
The BEECH study, consisting of both phase 1 and phase
2 trials, showed that capivasertib was well tolerated with
paclitaxel in patients with advanced HR-positive BC, but
did not produce a significant difference in median PFS (60).
Lucitanib, an inhibitor of fibroblast growth factor (FGF)
receptor, was found to induce tumor response in about

20-50% of FGF-aberrant BCs in phase I & II trials (61,62).

Promising novel HER-2 targeted agents

Based on data from interim analysis of the phase III
SOPHIA trial released in late 2019, margetuximab, an anti-
HER-2 monoclonal antibody, plus chemotherapy improved
OS in metastatic HER-2 BC patients by 1.8 months
(21.6 months) compared with trastuzumab plus
chemotherapy (19.8 months) (HR 0.885; 95% CI, 0.693-
1.130; P=0.326) (63). The complete analysis is expected to
arrive in 2020.

Promising novel options for TNBC

In a recent study by Vaidya e 4/., nano-particle mediated
RNAi were used in-vitro to target long noncoding RNA
sequences in TNBC cells (64). The treatment demonstrated
efficacy via a significant reduction in the invasion,
migration, survival, and proliferation of the TNBC cells
that were targeted. Administration in mice who had TNBC
xenografts resulted in suppression of TNBC progression
and was well tolerated. While it may be some time before
this reaches clinical trials, this is a treatment method to
keep an eye on.

Sacituzumab govitecan is a combination of an antibody
that targets trophoblast cell-surface antigen 2 (Trop-2) with
SN-38, an active metabolite of irinotecan. When studied
in phase I/II trials of patients with metastatic TNBC who
had undergone prior treatments (65,66), sacituzumab
govitecan resulted in around a 30% response rate and
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Table 1 Summary of novel therapeutic agents for metastatic breast cancer
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Type of metastatic breast cancer Novel agents

ER-positive breast cancer

CDK4/6 inhibitors (palbociclib, ribociclib, abemaciclib)

mTOR inhibitors (everolimus, temsirolimous)

PI3K inhibitors (buparlisib, alpelisib)

HER2-positive breast cancer

Trastuzumab, pertuzumab, lapatinib, neratinib

Trastuzumab emtansine (TDM1)

Trastuzumab deruxtecan (DS 8210)

Neratinib, tucatinib

Margetuximab

Triple-negative breast cancer

Immunotherapy (pembrolizumab, atezolizumab)

PARP inhibitors (olaparib, talazoparib)

median response durations of about 8 months. The drug
was relatively well tolerated, with the most common
adverse events being myelosuppression and diarrhea. It is
currently being evaluated in the phase III ASCENT trial
(NCT02574455).

Conclusions

Despite the mortality associated with mBC, there have been
significant advances made in discovering novel agents to
treat this disease (7ble 1). New potential options for patients
with ER-positive cancers include CDK4/6 inhibitors,
mTOR inhibitors, and PI3K inhibitors. Advances in HER-
2 positive BC include combining anti-HER-2 therapy,
trastuzumab emtansine, trastuzumab deruxtecan (DS 8210),
neratinib and tucatinib. Metastatic TNBC can be treated
with PARP inhibitors and, given their immunogenicity,
respond to anti-PD1/PD-L1 immunotherapy. These agents
provide new treatment methods to improve outcomes in
patients with mBC, and research is underway to find more
options to help us overcome this challenging disease.
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