Recently approved treatment options for patients
with metastatic triple-negative and HER2-neu-
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ABSTRACT

Breast cancer (BC) is the most common cancer
affecting women worldwide. In 2021, the estimated
number of new breast cancer cases was 281550
and about 43500 women died from metastatic
breast cancer (mBC). For women aged 20-59 years,
mBC remains the leading cause of cancer death and
is, therefore, an important public health concern.
Only 5% of women initially present with metastatic
disease. Approximately 20% of patients presenting
with local or locoregional disease progress to

mBC despite adjuvant therapy. Inspite of all the
medicosurgical advancements, the overall prognosis
for patients diagnosed with mBC remains poor,

with median overall survival of approximately 31
months, although this varies based on tumor biology.
In recent years, there has been significant progress
in developing immunotargeted therapies such as
antihuman epidermal growth factor receptor 2 (anti-
HER2) or check point inhibitors that confirmed to
have dramatically improve the prognosis of mBC, a
historically unfavorable disease subset. Even with the
major progress that has been made in understanding
the biology of BC, challenges such as resistance
frequency to therapies, unknown efficacy, concerns
for safety of drug combination and toxicities still
remain high. Therefore, a new targeted and more
selective treatment approaches are the need of the
hour. In this review, we aim to outline the most
recently approved medications in treatment of Her2-
positive and triple-negative breast cancers.

INTRODUCTION

In 2021, the American Cancer Society esti-
mated 281550 new cases of breast cancer
(BC) in the USA and 43500 deaths from the
disease.! From 2003 to 2018, the incidence
rate of BC was stable in non-Hispanic white
women, African-Americans, and Hispanics.?
This rate can be partially explained by the prog-
ress made in screening and the early detection
of BC. Since 1990, the institution of screening
mammography and the use of adjuvant antihor-
monal therapy have contributed to a reduction
of approximately 24% in the death rate from
BC in the USA.> Multiple studies have shown
substantial benefits of above interventions in
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What is already known on this topic

= Systemic chemotherapy remains the
backbone strategy for metastatic triple-
negative breast cancer and, to some
degree, in Her2-positive breast cancer
(BC), which is accompanied by a myriad of
adverse events.

= Targeted chemotherapy has been
developed with higher response and
decreased adverse events.

What this study adds

= This study focuses on compiling all
the recently approved Food and Drug
Administration targeted chemotherapy for
BC.

How this study might affect research,

practice and/or policy

= The utilization of this review can aid in
comparing and contrasting the different
targeted chemotherapy options and
possibly aid in the choice of chemotherapy
used.

disease-free survival and in overall survival
(08).3*

Pathologically, BC can be divided into at
least four subgroups, based on the expression
of certain steroid receptors such as estrogen
(ER), and progesterone (PR), or Her2 neu
or a combination of those receptors.’ Triple-
negative breast cancers (TNBC) is characterized
by a lack of expression of any steroid recep-
tors or Her2 neu. TNBC represents approx-
imately 15% of all newly diagnosed BC cases
in the USA.® Typically, TNBC has an aggressive
natural course characterized by the rapid devel-
opment of chemotherapy resistance, higher
recurrence rates, and poor outcomes.” Because
of the lack of targetable receptors for TNBC,
chemotherapy still remains the mainstream of
treatment for those patients.®

In recent decades, significant progress has
been made in understanding the biology of
TNBC. TNBC is a heterogenic disease that
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can be additionally subdivided into at least four distinct
subtypes based on the tumor-gene expression profiles
(figure 1). These subtypes are characterized by different
clinical courses and resistance to chemotherapy.” The basal-
like subtype 1 (BL1) is usually characterized by a better
progression-free survival (PFS) rate compared with the rates
of other subtypes. The pathological features of BL1 tumors
include a high grade tumor and a high Ki-67 proliferation
index (>85%). Importantly, the BL1 subtype is highly sensi-
tive to chemotherapy, with a response rate approaching
60%. In contrast, the BL2 subtype is clinically characterized
by the worst PFS and early metastasis. BL2 has the same
pathological features as BL1 but is resistant to conven-
tional chemotherapy.'® Two other subtypes, mesenchymal
subtype (M) and luminal androgen receptor subtype, are
characterized by a relatively low Ki-67 index (<50%) and
an indolent clinical course with a very modest sensitivity to
chemotherapy and a response rate of 10%-20%."" Several
studies have evaluated the role of numerous genetic alter-
ations as prognostic markers for outcomes (BRCA1/BRCA2
and PIK3CA/AKT/mTOR) and/or predictive markers for
chemotherapy resistance (TP53/PIK3CA/AKT/mTOR and
AR). The key component of such genetic alterations is illus-
trated in a schematic view and so far several agents targeting
these components have been developed (figure 2).'* 3
Another important subtype of BC is Her2-neu-positive
BC, which represents another 15%-20% of all BCs and
is characterized by amplification or overexpression of the
so-called Her2-neu receptor.'* The Clinical Evaluation of
Pertuzumab and Trastuzumab (CLEOPATRA) clinical trial
published in 2006 was one of the first successful clinical
trials that demonstrated statistically significant survival
improvements among patients with metastatic HER2-
neu-positive BC. The trial demonstrated a remarkable
PFS duration and OS of 56.5 months among the experi-
mental group of patients in contrast to only 18.7 months
in the chemotherapy-only group.”® The CLEOPATRA
trial revolutionized and changed the paradigm of treating

Mesenchymal 8 Luminal Androgen Receptor

TNBC Cl

Cell cycle control,
DNA damage PARP1, RAD51, PLK1,
response and high | TTK, CHEK1, AURKA/B
cell proliferation

BL1

EGFR expression,

TP63, MET and EGFR, mTOR, MET,
BL2 activation of EPHA2
glycolysis and
Cell motility
pathways,
Extracellular matrix | PI3K, mTOR, IGFIR,
M interaction, EMT, SRC, PDGFR, FGFR
growth factor,
PIK3CA or PTEN
Hormonal mediated [ AR, Hsp90, PI3K,
LAR signaling androgen FGFR4

receptor

TNBC molecular classification with their molecular targets. TNBC, triple negative breast cancer; BL1, basel-like subtype I; BL2,
basel-like subtype II; M, mesenchymal; LAR, luminal androgen receptor.

Her2/neu-positive BC and initiated a new era of biological
therapy in oncology. Starting in 2006, a combination of
chemotherapy with the anti-Her2-neu antibody become the
first-line therapy for all patients with mBC whose tumors
express the Her2 neu receptor. The major conclusions from
the CLEOPATRA trial led to multiple additional studies
and further developed the idea of biological therapy. The
major problem with the CLEOPATRA-style approach was
significant toxicity in chemotherapy, which limited the use
of this regimen among geriatric patients. Monotherapy with
herceptin alone was found to be significantly less toxic and
disproportionally less effective.'® Therefore, the next goal
was to create a new approach that minimizes toxicity and
improves efficacy.

The new concept involved binding a chemotherapeutic
drug to the anti-Her2-neu antibody and using the anti-
body as a shuttle to deliver the toxic chemotherapeutic
drug into the tumor cell. A new antibody drug conjugate
(ADC) named trastuzumab emtansine, also known as ado-
trastuzumab emtansine (Kadcyla), was successfully devel-
oped and tested in 2010."” The second-line therapy for
patients with Her2-neu-positive BC then became the ADC
trastuzumab emtansine; this conjugate demonstrated a
significant objective response rate (ORR) of 43.6% among
the experimental group in a clinical trial (EMILIA) (95%
CI 38.6 to 48.6) and a median PFS duration of 9.6 months
vs 6.4 months in the control group of patients (EMILIA
trial NEJM 2012).'® Until last year, no uniformly accepted
standard of care following the administration of trastu-
zumab emtansine was defined. Moreover, the currently
available options have limited benefits, with response rates
of approximately 9%-31% and PFS durations of approxi-
mately 3—6 months as a third-line therapy.'” To give a short
overview, we summarized the newly approved targeted
therapeutic agents for TNBC (table 1), describing their
mechanism of actions and the outcome of main clinical
trials.
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Figure 2 Schematic view of intracellular molecular pathways serves as potential targets for triple-negative breast cancer treatment.
CSF-1R, colony-stimulating factor 1 receptor; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; FGFR, fibroblast growth factor receptor;
PARP, poly-ADP-ribose polymerase; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1.

TRIPLE NEGATIVE BREAST CANCER—NEWLY APPROVED
TREATMENT MODALITIES

Poly-ADP-ribose polymerase inhibitors

Poly-ADP-ribose polymerase (PARP)-1 and PARP-2 are
DNA sensors that are most active during the S-phase of the
cell cycle and play key roles in DNA damage repair. Tumor
cells with germline mutations in BRCA1/BRCA2 rely on the
PARP pathway for DNA damage repair.”’*' PARP inhibition
in mutated cells traps PARP-1 on the DNA, leading to inter-
ference with the catalytic function of PARP in DNA repair.
However, due to selective lethality, PARP inhibition has no
effect on normal cells without a BRCA mutation.”* PARP
inhibitors are well known as semi-targeted treatments for
BRCA1 and BRCA2 associated ovarian cancer and BC, but
their clinical use has expanded with a better understanding
of PRAP biology. In early stage clinical trials of the PARP
inhibitors, the efficacy among patients with advanced BC
was promising, and two phase III studies further evaluated
single-agent PARP inhibition (olaparib and talazoparib),
which resulted in the first regulatory approval of a PARP
inhibitor for BC.> ** Meanwhile, several phase IT and III
trials are underway and have been investigating different
agents of PARP inhibitors in TNBC currently pending final
reports. They are summarized in table 2.

Olaparib (Lynparza)

During the last decade, several clinical trials have evalu-
ated olaparib’s effects in patients with solid malignancies
harboring BRCA mutations. These trials have successfully
demonstrated that olaparib is superior to conventional
chemotherapy and represents a potential novel treatment
standard for this high-risk population. The ICEBERG

trial was one of the first trials designed to analyze the
pharmacokinetic and pharmacodynamic properties of
olaparib in patients with germline BRCA1/BRCA2 muta-
tions (gBRCAm) and locally advanced BC ormBC. This
trial demonstrated a statistically significant response rate
of 33% among the patients in experimental group.” ** On
January 8, 2018, the Food and Drug Administration (FDA)
approved the single-agent use of olaparib for patients with
gBRCAm and HER2-negative mBC based on its survival
benefit noted in the OlympiAD trial. The OlympiAD trial
was a multicenter, randomized phase III trial that evaluated
the efficacy and safety of olaparib in patients with gBRCA1/
BRCA2 metastatic HER2-negative and either ER-negative
or PR-negative BC. The study demonstrated significant
improvements in PFS among the olaparib group compared
with the chemotherapy group (7.0 vs 4.2 months, p<0.001).
Even though the OS was not statistically significant between
the two groups (19.3 vs 19.6 months, p=0.57), the ORR
was doubled in the olaparib group (59.9% vs 28.8%).
Additionally, olaparib outperformed the chemotherapy
group in terms of tolerable and adverse events.?’

Talazoparib (Talzenna)

Talazoparib is a second-generation PARP inhibitor approved
by the FDA in 2018 based on the positive results of the
EMBRACA trial.?® This inhibitor was indicated for patients
with locally advanced or metastatic TNBC with deleterious
gBRCAm. de Bono et al were the first to evaluate talazo-
parib in a small phase I clinical trial designed for patients
with advanced solid malignancies harboring gBRCA1/2m.
Talazoparib monotherapy demonstrated impressive effi-
cacy, resulting in a 50% response rate and an 86% clinical
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Table 1 A brief summary of newly approved targeted therapies for TN and Her2-neu-postive BC
Classes Mechanism of actions Agents Main clinical trials FDA approval date
PARPI PARPI act by inhibiting DNA repair and  Olaparib (Lynparza) The ICEBERG trial: phase I, the RR was January 2018
replication in cancer cells deficient in significantly high in olaparib group (33%).% %
BRCA1/BRCA2-dependent homologous The OlympiAD trial: phase IIl, the 7 months PFS
recombination pathways through a and ORR was doubled in olaparib group (59.9%
process known as synthetic lethality.'® vs 28.8%).22
Talazoparib (Talzenna) The EMBRACA trial: phase IlI, talazoparib July 2018
demonstrated a significantly better PFS to CT (8.6
vs 5.6 months), and the OS rate was 62.6% vs
27.2%.
The ABRAZO trial: phase Il, the RR was 37% vs
21% in talazoparib group.®
Checkpoint CTLA-4 enhancing the activation of Pembrolizumab (anti- The KEYNOTE-522 trial: phase IIl, the trial November 2020

inhibitors (anti-
PD-1/PD-L1, and
CTLA-4)

T lymphocytes. Targeting PD-1/PD-L1
normalize the antitumor immune
response. Immune checkpoint inhibitors
block these checkpoint proteins from
binding with their partner proteins that
allows the T cells to kill cancer cells.'”

PD-1 antibody- Keytruda)

Nivolumab (anti-PD-1

antibody) and ipilimumab

demonstrated superior RR in Keytruda group after
15.5 months of follow-up (64.8% vs 51.2%).>2
The KEYNOTE-355 trial: phase IIl, the trial
demonstrated significantly higher PFS at 9.7
months compared with CT alone 5.6 months.

The TONIC trial: phase I, This study demonstrated
modest ORR with nivolumab as only one (2%)

5556

This combination has
not been approved

(anti-CTLA-4 antibody) ~ patient had the stable disease lasting >24 by FDA yet
weeks.*
The Dart, SWOG S1609 trial: phase II, the
preliminary result demonstrated an ORR of 12%,
but 24% of patients had stable disease over
12 months.*®
NTRKI NTRK1, NTRK2, NTRK3, and their Larotrectinib The LOXO-TRK-14001, SCOUT and the NAVIGATE ~ November 2018
genes encode TRK proteins. TKIs trials: phase I/1l/1ll, the ORR was 75% with CRR
inhibit corresponding kinases from approximately 16%. The median time to response
phosphorylating tyrosine residues of was 1.8 months. The PFS duration in this study
their substrates and then block the was not yet reached at the time of the last data
activation of downstream signaling cut-off. In total, 55% of the patients remained
pathways.'®® stable over 12 months.*°
Entrectinib The ALKA, STARTRK-1, and STARTRK-2 trials: August 2019
phase I/ll, the trials demonstrated highest RR
approaching 100% among treatment-naive
children whose cancers harboring an NTRK. It was
slightly less among young adults 86%, and 57%
among adults.®
ADCs ADCs functions through target- Ado-trastuzumab The EMILIA trial: phase IlI, the outcomes of February 2013
dependent and target-independent emtansive or T-DM1 this study showed that trastuzumab emtansine
mechanism. The target-dependent (Kadcyla) significantly improved both the PFS and OS
mechanism relies on the target- (median 9.6 vs 6.4 months). At the second interim
binding capacity, followed by cellular analysis, the median OS was 30.9 vs 25.1 months.
internalization and degradation with The ORR was higher with T-DM1 (43.6% vs
payload release. The target-independent 30.8%)."®
effect is based on extracellular cleavage The TH3RESA trial: phase Ill, trastuzumab
or leakage of the payload from the emtansine treatment resulted in a significant
target cells acting on neighboring improvement in OS (median 22.7 vs 15.8 months)
antigen-negative cells and stromal versus treatment of physician’s choice.'®
tissue. ADCs can also act via antibody-  Ado-trastuzumab- The DESTINY-Breast01 trial: reported RR in the December 2019
mediated receptor signalling pathway  deruxtecan (DS-8201) trial was approximately 61% with a median PFS of
causing immune response activation via 16.4 months."
the Fc domain of the mAbs which also The DESTINY-Breast03 trial: phase IIl, this study
known as antibody-dependent cell- showed that treatment with DS-8201 led to
mediated cytotoxicity.% 72" a highly significant 72% reduction in the risk
of disease progression versus trastuzumab
emtansine."'
Margetuximab The SOPHIA trial: phase IIl, the confirmed ORR in  December 2020
this study was 22%, with a median DOR of 6.1
months in the margetuximab arm compared with
an ORR of 16% and a median DOR of 6.0 months
in the control arm.%
Continued
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Table 1 Continued
Classes Mechanism of actions Agents Main clinical trials FDA approval date
TROPI Trop-family proteins, including Trop-1,  Sacituzumab govitecan-  The IMMU-132-01 trial: phase I/l, this study April 2020
Trop-2, Trop-3, and Trop-4. Only Trop-2  hziy (Trodelvy) demonstrated an impressive RR approximately
plays a key role in promoting tumor 33% and the median duration of the response 7.7
growth. The TROP2 inhibitor recognizes months. The median PFS was 5.5 months and the
Trop-2. The small molecule, SN-38, is median 0S was 13.0 months.®’
a topoisomerase | inhibitor, which is
covalently attached to the antibody
by a linker binds to Trop-2-expressing
cancer cells and is internalized with
the subsequent release of SN-38 via
hydrolysis of the linker. SN-38 interacts
with topoisomerase | and prevents
re-ligation of topoisomerase I-induced
single strand breaks. The resulting DNA
damage leads to apoptosis and cell
death.®
Her2-TKI TKIs are small molecular drugs that Lapatinib (Tykerb) The NCT00078572 trial (Lapatinib plus March 2007
activates apoptosis and inhibiting Capecitabine for HER2-Positive Advanced Breast
proliferation of malignant cells. It Cancer): phase I, the initial results of the trial
competitively binds intracellular ATP demonstrated that lapatinib plus capecitabine is
binding domains of EGFR family due to superior to capecitabine alone. The addition of
the homological structure of the ATP, lapatinib prolonged the TTP (8.4 months compared
resulting in inhibiting tyrosine kinase with 4.4 months) and indicated a trend toward
phosphorylation, subsequently blocking improving the OS and producing fewer cases with
downstream signals® CNS involvement at first progression.”’ %
Neratinib The ExteNET trial: phase IIl, at the 5-year follow-  February 2020
(Nerlynx) up analysis, the disease-free survival rate was
90.2% in the neratinib group and 87.7 in the
placebo group.®?’
The NEfERT-T clinical trial: phase II, the conclusion
of this study showed that neratinib-paclitaxel was
not superior to trastuzumab-paclitaxel in terms of
the PFS.%®
The NALA trial: phase IlI, this study demonstrated
only modest improving in PFS among patients
treated with combination of neratinib with
capecitabine versus lapatinib with capecitabine.
More importantly was the observation that
neratinib with capecitabine significantly improved
median PFS in patients with CNS metastases (7.8
months vs 5.5 months).'% 1%
Tucatinib (TUKYSA) The HER2CLIMB trial: phase, the overall PFS at April 2020

1 year in the experimental arm was 33.1% vs
12.3%. The median duration of PFS was 7.8 and
5.6 months, respectively. Even more impressive
was the OS rate 44.9% at 2 years in the tucatinib
group and 26.6% in placebo group. The median
0S was 21.9 months in tucatinib group and 17.4
months in placebo group. Among the patients with
brain metastases, the PFS at 1 year was 24.9%

in the tucatinib group and 0% in the placebo

group.m 105

ADCs, antibody drug conjugates; CNS, central nervous system; CT, chemotherapy; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DOR, duration of response;
FDA, Food and Drug Administration; NTRKI, neurotrophic receptor tyrosine kinase inhibitors; ORR, objective response rate; OS, overall survival; PARPI, poly-ADP-
ribose polymerase inhibitor; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PFS, progression-free survival; TKI, tyrosine kinase
inhibitors; TRK, tropomyosin receptor kinase; TROPI, trophoblast cell surface antigen inhibitors; TTP, time to progression.

benefit rate.”” ABRAZO was a two-arm phase II trial that
evaluated the efficacy of talazoparib in patients with
gBRCA1/2m mBC. The trial reported a response rate of
37% among patients who previously received three or more
lines of chemotherapy (non-platinum-based regiments) and
21% in patients treated with agents.*® In 2018, the reported
results of the EMBRACA trial led to the FDA approval of

talazoparib.’’ The EMBRACA trial compared talazoparib
with the physician’s choice of chemotherapy (gemcitabine,
eribulin, capecitabine, or vinorelbine). EMBRACA was an
open-label, phase III trial in which patients with advanced
BC and a gBRCA1/2 mutation were randomly assigned in a
2:1 ratio to talazoparib or chemotherapy treatment. At the
primary end point of the study, talazoparib demonstrated
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Table 2 The summary of ongoing clinical trials with PARP inhibitors

Agent

Trial

Phase

Design

Primary and secondary end
point

Results

Niraparib (Zejula)

Rucaparib

Veliparib

TOPACIO/KEYNOTE-162%

BRAVO*

RU BY40 !

BrighTNess* 48

BROCADE-3'"

BROCADE*

I

Phase I: dose-escalation: ascending doses

of niraparib up to 300 mg/day orally on

days 1-21 and pembrolizumab 200 mg
intravenously on day 1 of each 21-day cycle
Phase II: niraparib in combination with
pembrolizumab 200 mg intravenously on day
1 of each 21-day cycle.

Controlled trial of niraparib versus
physician’s choice monotherapy with eribulin,
capecitabine, vinorelbine or gemcitabine.

Rucaparib 600 mg two times per day
orally, 28-day cycle, number of cycles: until
progression or unacceptable toxicity develops.

Arm [: veliparib+carboplatin+paclitaxel
followed by doxorubicin/cyclophosphamide
(AQ)

*Arm |I: placebo+placebo+paclitaxel followed
by AC.

*Arm B: placebo+carboplatin+paclitaxel
followed by AC.

Veliparib placebo with carboplatin and
paclitaxel

Veliparib in combination with TMZ or in
combination with carboplatin/paclitaxel
compared with placebo plus carboplatin/
paclitaxel (PCP).

Phase I: number of subjects
reporting dose-limiting toxicities
Phase II: ORR.

The primary end point was to assess
PFS. Secondary end points included
0S, PFS by local assessment (local-
PFS), ORR and safety.

Primary end point: clinical benefit
rate in 3 years with either CR, PR or
SD lasting for at least 16 weeks.
*Secondary end point: to assess
the CR, PR, SD, PFS, 0S and AEs in a
3-year time frame.

Primary end point: to assess the
PCR in the breast tissue and the
lymph node tissue on completion of
pre-operative systemic therapy and
definitive surgery.

Secondary end point: to assess PFS,
0S5, and the rate of eligibility for
breast conservation after therapy.

Primary end point: to assess

PFS from the date the subject is
randomized to the date the subject
experiences a confirmed event of
disease progression or to the date
of death if disease progression is
not reached to the date of death if
disease progression is not reached.
Secondary end point: to assess OS,
CBR, ORR, and PFS2 measured up
to 5 years after the last subject
enrolled.

Primary end point: to determine
whether veliparib in combination
with TMZ or in combination with
carboplatin/paclitaxel improves
PFS compared with placebo plus
carboplatin/paclitaxel.

Secondary end point: to assess
05, CBR, ORR, and CIPN in
patients treated with veliparib
plus carboplatin/paclitaxel, versus
placebo plus carboplatin/paclitaxel.
The tertiary end point: to assess
ECOG performance status, quality
of life and exploratory correlative
end points.

To date, ORR is 29% and DCR is
49%. Median PFS in BRCAmut

group is 8.1 months. Treatment-
related grade=3 AEs occurred in 27
patients (50%); most common were
thrombocytopenia (13%) and anemia
(11%). Follow-up is ongoing.

After the preplanned interim analysis,
recruitment was halted on the basis
of futility, noting a high degree

of discordance between local and
central PFS assessment in the PC

arm that resulted in informative
censoring. At the final analysis
(median follow-up, 19.9 months),
median centrally assessed PFS was
4.1 vs 3.1 months.

As of January 14, 2019, the median
number of cycles was 2 (1-20),

and 37/40 patients were evaluable
for CBR. Five patients (13.5%)
demonstrated clinical benefit, three
PR and one SD>31 weeks. Nineteen
patients had grade 3—4 toxicities.
Three patients discontinued due to
toxicity. Preliminary analyses showed
that four patients presented high
large-scale state transitions, and
three presented a somatic biallelic
loss of function in HR-related genes.

As of September, 2021, those with a
pathological CR had a 74% reduction
in risk of an event compared with
those with no pathological CR.
After a median follow-up of 4.5
years, no significant differences
have emerged in OS. Deaths have
occurred in 12.0% of the paclitaxel/
carboplatin/veliparib arm, 10.0% of
the paclitaxel/carboplatin arm and
13.9% of the paclitaxel arm.

The median PFS was 14.5 months in
the veliparib group vs 12.6 months
in the control group. Serious AEs
occurred in 115 (34%) patients in the
veliparib group vs 49 (29%) patients
in the control group. There were no
study drug-related deaths.

For eliparib with carboplatin/
paclitaxel versus placebo plus
carboplatin/paclitaxel, median

PFS was 14.1 and 12.3 months,
respectively, interim median 0S 28.3
and 25.9 months and ORR 77.8%
and 61.3%. For TMZ versus placebo
group, median PFS was 7.4 months,
interim median 0S 19.1 months,
and ORR 28.6%. AEs (all grades) of
neutropenia, anemia, alopecia, and
neuropathy were less frequent with
TMZ versus PCP.

AEs, adverse events; CBR, clinical benefit rate; CIPN, chemotherapy-induced peripheral neuropathy; CR, complete response; DCR, disease control rate; ECOG, Eastern Cooperative Oncology Group; ORR,
objective response rate; OS, overall survival; PC, Physician's choice chemotherapy; PCR, pathological complete response; PFS, progression-free survival; PR, partial response; SD, stable disease; TMZ,

temozolomide.

a significantly better PFS compared with chemotherapy
(8.6 vs 5.6 months). The clinical benefit rate at 24 weeks
was 68.6% in the talazoparib group, compared with 36.1%
in the chemotherapy group. Secondary end points from

talazoparib demonstrated a better ORR of 62.6% vs 27.2
(95% CI 55.8 to 69.0).>* 3 Based on the pooled data anal-
ysis, the most common adverse reactions in the talazoparib
group were anemia, neutropenia, and thrombocytopenia.
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Patients who received talazoparib were also reported to
have superior quality-of-life outcomes with a significant
delay in the onset of a clinically meaningful deterioration in
global health status.*?

Ongoing trials with PARP inhibitors

Niraparib (Zejula)

Niraparib is a small molecule that preferentially blocks
both PARP1 and PARP2 enzymes. Initially, niraparib was
approved by the FDA in 2017 for the maintenance treat-
ment of recurrent epithelial-ovarian/fallopian-tube/primary
peritoneal cancer based on the results of the NOVA trial.**
Findings from the ENGOT-OV16/NOVA trial in Europe
expanded the use of niraparib to BRCA wild-type and
homologous recombination deficient (HRD) negative
tumors.”> In TOPACIO/KEYNOTE-162, a phase II trial,
niraparib combined with pembrolizumab was assessed
in patients with platinum-resistant advanced metastatic
TNBC. The ORR in the trial was 28% vs 60% for patients
with BRCA-mutated TNBC. The combination therapy was
safe, with a tolerable safety profile warranting further inves-
tigation.*® Furthermore, a phase Il multicenter clinical trial
called the BRAVO trial was undertaken to assess the effi-
cacy (PFS) and health-related quality of life along with the
safety and tolerability of niraparib in comparison with the
physician’s choice of single-agent chemotherapy (eribulin,
capecitabine, gemcitabine, or vinorelbine) in gBRCAm
patients; however, enrollment in this trial was stopped
prematurely due to the high rate of discontinuation in the
control arm.*’

Rucaparib

Rucaparib is a potent oral PARP-1, PARP-2, and PARP-3
inhibitor that showed activities in a phase I study among
patients with BRCA-mutated BC.*® ** The single-arm multi-
center phase II RUBY trial enrolled patients to evaluate the
efficacy and safety of rucaparib in HER2-mBC associated
with a high tumor genomic loss of heterozygosity (LOH)
score and/or a somatic BRCA mutation (excluding BRCA1
and/or BRCA2 germline mutations). This trial was designed
to establish a proof of concept that rucaparib can improve
the ORR in Her2-neu-negative mBC with HRD. Eligible
patients with a high LOH score or somatic(s) BRCA muta-
tion and =1 prior chemo regimen were eligible to enter
RUBY and receive oral rucaparib (600 mg two times per
day) continuously in a 28-day cycle until disease progres-
sion. The primary end point was the clinical benefit rate at
16 weeks. Whole-genome sequencing was performed retro-
spectively to further assess the potential biomarkers of the
PARP inhibitor response. As of January 2019, preliminary
data from the first cohort of this study demonstrated that
rucaparib offered antitumor activities among a subset of
patients with germline BRCA wild-type mBC whose tumor
had high LOH scores.***!

Veliparib

Veliparib (ABT-888) is a potent, oral, small-molecule inhib-
itor of PARP-1 and PARP-2 that inhibits PARP activity in
xenograft models. In human cancers, veliparib was shown
to cross the blood-brain barrier.** ** Early phase clinical
trials have demonstrated promising results for veliparib

in combination with cytotoxic chemotherapy. In a phase
I dose-escalation study, the ORR of veliparib plus carbo-
platin/paclitaxel was 57% among patients with mBC
receiving the maximum dose of veliparib.** Furthermore,
pharmacokinetic of veliparib with combination of pegylated
liposomal doxorubicin in recurrent gynecological cancer
and TNB with long-term follow-up was studied in a phase I
trial by Pothuri et al. The antitumor activity of this combi-
nation was observed in both sporadic and BRCA-deficient
tumors.* BROCADE, a randomized phase II study, evalu-
ated veliparib with temozolomide or carboplatin/paclitaxel
versus placebo with carboplatin/paclitaxel in patients with
mutated BRCA genes locally recurrent mBC. Numerical,
but not statistically significant, increases in PFS and OS
were observed in veliparib and carboplatin/paclitaxel arm
compared with placebo carboplatin/paclitaxel. The addition
of veliparib to carboplatin/paclitaxel significantly improved
the ORR from 61.3% to 77.8% (p=0.027).* Considering
the promising results from various clinical trials, particu-
larly BROCADE, a multicenter phase III study named the
BrighTNess trial was designed to assess the efficacy of veli-
parib plus carboplatin or carboplatin alone in neoadjuvant
settings for patients with TNBC. The proportion of patients
who achieved a pathologically complete response was
higher in the paclitaxel, carboplatin, and veliparib groups
compared with control group (chemotherapy alone) (53%
vs 31%, p<0.0001).*7*

Checkpoint inhibitors (programmed cell death protein
1/programmed death-ligand 1/cytotoxic T-lymphocyte-
associated protein 4 inhibitors)

The introduction of immune checkpoint inhibitors (anti-
programmed cell death protein 1 (anti-PD-1) and anti-
programmed death-ligand 1 (anti-PDL-1) antibodies
has changed the paradigm of treatment for various solid
tumors. PD-1, also known as CD279, is a 288-amino-acid
type I transmembrane protein receptor. It is an apoptosis-
associated molecule discovered in 1992 by Tasuku Honjo.*
PD-L1 (also known as B7-H1 and CD274) and PD-L2
(also known as B7-DC and CD273) were first time discov-
ered in 1999 by Lieping Chen et al. There are two distinct
ligands for PD-1 which have inhibitory effects on T cells
by inducing interleukin-10.® Cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4), also known as CD152 is a
protein receptor that functions as an immune checkpoint
and downregulates immune responses. Therefore, blocking
the CTLA-4 with an immune checkpoint inhibitor (anti-
CTLA-4 antibody) allows the T cells to be active and to kill
tumor cells.’!

Anti-PD-1 antibody pembrolizumab (Keytruda)

Pembrolizumab has shown a significant antitumor activity
in patient with metastatic and locally advanced TNBC.
Knowing the fact that those patients with pathological
complete response after neoadjuvant chemotherapy have
an excellent event-free survival, the KEYNOTE-522 trial
was designed to evaluate the clinical efficacy of combining
pembrolizumab with chemotherapy in neoadjuvant settings.
The primary end points of this study were a pathological
complete response at the time of definitive surgery and
event-free survival in the intention-to-treat population. The
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published results after median of 15.5 months follow-up
had demonstrated that percentage of patients with a patho-
logical complete response was 64.8% (95% CI 59.9 to 69.5)
in the pembrolizumab-chemotherapy group and 51.2%
(95% CI 44.1 to 58.3) in the placebo-chemotherapy group
(estimated treatment difference, 13.6percentage points;
95%CI 5.4 to 21.8; p<0.001). Additionally, 7.4% (58/784)
of patients in the pembrolizumab-chemotherapy and
11.8% (43/390) of patients in the placebo-chemotherapy
group had disease progression as they either had local or
distant recurrence or developed a second primary tumor,
or died from any cause that precluded them from defini-
tive surgery (HR 0.63; 95% CI 0.43 to 0.93).>* The overall
results of KEYNOTE-522 was consistent with the find-
ings from previous studies such as the KEYNOTE-173
and SPY2 trials, which demonstrated superior efficacy of
combination of chemotherapy with immunotherapy when
compared with immunotherapy alone.’*>* Pembrolizumab
was approved by FDA in November 13, 2020, based on
results of KEYNOTE-355 trial, which demonstrated the
efficacy of pembrolizumab combined with chemotherapy
in patients with locally recurrent unresectable or metastatic
TNBC. In this trial, the combination of pembrolizumab
with chemotherapy demonstrated significantly higher PFS
at 9.7 months (95%CI 7.6 to 11.3) compared with that
in control arm with chemotherapy alone at 5.6 months
(95%CI 5.3 to 7.5).55 5¢

Nivolumab and ipilimumab

Several phase I and II trials assessed the effects of nivolumab
alone or combined with ipilimumab on patients with
TNBC. The TONIC trial (phase II randomized trial) aimed
to compare the immunomodulatory effects of induction
chemotherapy followed by nivolumab in metastatic TNBC.
This study demonstrated only modest objective RR with
nivolumab as only one (2%) patient had the stable disease
lasting >24 weeks.”” More interestingly, another study
lead by South Western Oncology Group (Dart, SWOG
$1609), demonstrated promising efficacy of the combina-
tion of ipilimumab (anti-CTLA-4 antibody) and nivolumab
in patients with mTNBC. Although the preliminary results
demonstrated an overall response rate of 12%, 24% of
patients had stable disease over 12-month period.’®

Neurotrophic receptor tyrosine kinase inhibitors

Neurotrophic receptor tyrosine kinase (NTRK)1, NTRK2,
NTRK3, and the neurotrophic receptor tyrosine kinase
genes encode tropomyosin receptor kinase (TRK) proteins.
These genes are primarily involved in neuronal develop-
ment, maintenance, and protection after embryogenesis.
Gene fusions involving NTRK1, NTRK2, and NTRK3 and
their partner genes result in the constitutive activation or
overexpression of TRK receptors, potentially leading to
oncogenesis.”’ ®® These fusions are consistently detected in
rare cancer types such as secretory breast carcinoma, but
the occurrence of NTRK fusions in common cancer types
and their relationships to other therapy biomarkers remain
largely unexplored.”” NRTKs have recently garnered
substantial attention as therapeutic targets in different
malignancies, particularly in BC.®' Several NTRK inhibitors

such as entrectinib and larotrectinib have been approved
and they are currently available in clinical use.’® ° ¢*

Larotrectinib

Larotrectinib is a potent inhibitor of all three TRK
proteins.®® On November 26, 2018, the FDA announced the
accelerated approval of larotrectinib in pediatric and adult
human cancers that harbor NRTK gene fusions, including
BC.%* The approval of arotrectinib was based on an inte-
grated analysis of three multicenter, open-label, single-arm
clinical studies, including a phase I trial in adults, a phase I/
II trial in pediatrics patients, and a phase II trial involving
both adults and adolescents. According to independent
reviewers, the ORR was 75% (95% CI 61% to 85%) with
complete response rates approximately 16%. The median
time to response was 1.8 months. The PFS duration in this
study was not yet reached at the time of the last data cut-
off. In total, 55% of the patients remained stable over 12
months.®

Entrectinib

In addition to inhibiting TRK 1/2/3, entrectinib has been
shown to be active against ROS1, ALK, JAK2 and TNK2.
Importantly, entrectinib can penetrate blood-brain barrier,
and therefore it is a good choice in patients with central
nervous system (CNS) involvement.®® Entrectinib has been
tested in multiple phases both in children and adults. Inter-
estingly, the response rates is highest among treatment-naive
children whose cancers harboring an NTRK fusion protein
and its approaching 100%. It is slightly less among young
adults 86%, and 57% among adults.® Based on clinical
data, entrectinib was approved by FDA in 2019 to use in
patients whose tumors have a NTRAK gene fusion without
known resistance mutation.®’

Antibody drug conjugates (ADCs)

ADCs are gaining increasing attention as anticancer thera-
peutics and have been one of the fastest growing classes of
drugs in recent decades.®® ®” As a biological tool for cancer
therapy, a monoclonal antibody (mAb)-based strategy was
developed specifically to target malignant cells while mini-
mally affecting normal tissues.”” ADCs are a group of drugs
consisting of three well-defined compositions of mAbs
conjugated to cytotoxic drugs (payloads or warheads) via
a biochemical linker and mainly developed for patients
with BC.”! The most appealing functions of ADCs are their
target-dependent and target-independent mechanisms. The
target-dependent mechanism relies on the target-binding
capacity, followed by cellular internalization and degrada-
tion with payload release. The target-independent effect,
called the bystander effect, is based on extracellular cleavage
or leakage of the payload from the target cells acting on
neighboring antigen-negative cells and stromal tissue,
thereby overcoming the heterogeneous expression of cancer
antigens.®® 72 ADCs can also act via antibody-mediated
receptor signaling pathway causing immune response activa-
tion via the Fc domain of the mAbs, which is also known as
antibody-dependent cell-mediated cytotoxicity.”

Trophoblast cell surface antigen inhibitors
The trophoblast cell surface antigen (Trop), also known as
epithelial glycoprotein, is a protein product of the TACSTD2
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gene and found on the surfaces of multiple normal epithe-
lial tissues, such as skin and the oral mucosa.”* Trop-family
proteins, including Trop-1, Trop-2, Trop-3, and Trop-4, were
first discovered by Lipinski et al.”” Among those, Trop-2
was found to play a key role in promoting tumor growth,
and Trop-2 overexpression was observed in many types
of malignant epithelial tumors, particularly BC.”® Studies
have demonstrated that all subtypes of BC cells express
Trop-2; however, the overexpression of Trop-2 was found
to be more common in aggressive TNBC and hormone
receptor-positive/Her2-neu-negative  subtypes.”  Results
from different studies have shown that increased Trop-2
mRNA is a strong predictor of poor clinical outcomes and
decreased OS in patients with BC.”® 7 Therefore, targeting
the Trop-2 receptor is very attractive strategy, particularly
in advanced cancers that have very limited or no treatment
options available. As a result, several Trop-2-targeted ther-
apies, such as anti-Trop-2 antibodies and Trop-2-targeted
ADC, have been developed for clinical use.®

Sacituzumab govitecan-hziy (Trodelvy)

Sacituzumab govitecan-hziy (SG) is the only FDA-approved
Trop-2-targeted ADC, although several other agents remain
under preclinical and clinical development.”®*! On April
22,2020, the FDA granted accelerated approval to SG for
adult patients with mTNBC who have received at least two
prior treatments for metastatic disease.’ SG approval was
based on the IMMU-132-01 study, which demonstrated
a response rate of approximately 33% (95% (CI) 24.6 to
43.1); and the median duration of the response was noted
to be 7.7 months. The median PFS was 5.5 months (95% CI
4.1 to 6.3), and the median OS was 13.0 months (95% CI
11.2 to 13.7). In addition, SG was relatively well tolerated
by the patients in the study.®®

New approaches for treating HER2-neu-positive breast
cancer

HER2-neu-positive BC represents about 15%-20% of all
BCs and is characterized by amplification or overexpres-
sion of the so-called Her2-neu receptor conferring an
aggressive tumor behavior and provide the opportunity for
targeted therapies. The prognosis of patients suffering from
this disease has been greatly improved with the advance-
ment of new anti-HER2 drugs discussed below.'* Also, a
brief summary of the abovementioned agents is provided
in table 3.

Ado-trastuzumab emtansive or T-DM1 (Kadcyla)

Trastuzumab emtansine (T-DM1; Kadcyla) was the first-in-
class ADC approved for the treatment of HER2-positive
unresectable locally advanced BC and mBC.** Based on
the results of two multicenter phase III trials, EMILIA and
TH3RESA, T-DM1 was approved by the FDA and EMA
in 2013 as a second-line and beyond-line therapy, respec-
tively, for HER2-positive BC.* The EMILIA study was a
phase III trial that assessed the efficacy and safety of T-DM1
compared with lapatinib plus capecitabine in patients with
HER2-positive advanced BC previously treated with tras-
tuzumab and a taxane. The median PFS was 9.6 months
with T-DM1 vs 6.4 months with lapatinib plus capecitabine.
At the second interim analysis, the median OS was 30.9 vs

25.1 months. The ORR was higher with T-DM1 (43.6%)
vs 30.8% with lapatinib plus capecitabine (p<0.001).'8
The outcomes of the above trials showed that trastuzumab
emtansine significantly improved both the PFS and OS.
Moreover, the safety profile reaffirmed trastuzumab emtan-
sine as an efficacious and tolerable treatment for this patient
population.®

Ado-trastuzumab-deruxtecan (DS-8201)

DS-8201 is the second FDA-approved anti-Her2 neu
ADC in 2020. DS-8201 is capable of overcoming resis-
tance to T-DM1 because of its higher payload delivery. It
also offers higher membrane permeability with a resulting
bystander effect and lower affinity for multidrug-resistance
type 1 (MDR1) efflux transporters.”” An open-label,
multicenter phaselll study (DESTINY-BreastO1) evalu-
ated ado-trastuzumab deruxtecan in adult patients with
Her2-neu positive, unresectable, or mBC who had received
previous treatment with trastuzumab emtansine. Patients
were randomized to DS-8201 vs the physician’s choice of
chemotherapy to assess the PFS, OS, ORR, duration of
response (DOR), and safety. DS-8201 was found to provide
durable antitumor activity in heavily pretreated patients
(with a median of six prior treatments). Reported RR in
the trial was approximately 61% and a median PFS of 16.4
months.” Based on the results of the DESTINY-Breast01
trial, the FDA granted the approval for use in patients with
advanced Her2-neu-positive mBC pretreated with T-DM. %
A confirmatory phase III, multicenter, randomized, open-
label active-controlled study is currently ongoing and
enrolling patients with Her2-neu-positive, unresectable,
and/or mBC to compare the efficacy of DS-820 vs ado-
trastuzumab emtansine (T-DM1).** ® The preliminary
results of this trial was presented at the European Society
for Medical Oncology (ESMO) meeting in September 2021,
showing significantly higher efficacy of DS-8201 vs T-DM1
in all prespecified measures. However, the final report is yet
to be published.”

Margetuximab

Margetuximab is a chimeric, Fc-engineered, immune-
activating anti-Her2-neu mAb that shares epitope spec-
ificity and Fc-independent antiproliferative effects with
trastuzumab.”’ Margetuximab was also approved by the
FDA on December 16, 2020, based on the results of the
phase III SOPHIA trial.”> In the SOPHIA trial, patients
were randomized to margetuximab plus chemotherapy
or trastuzumab plus chemotherapy. The main efficacy
outcome measures were the PFS and OS. The median PFS
in the margetuximab arm was 5.8 months compared with
4.9 months in the control arm. The median OS was 21.6
months with margetuximab and 19.8 months with trastu-
zumab. The confirmed ORR was 22%, with a median DOR
of 6.1 months in the margetuximab arm compared with
an ORR of 16% and a median DOR of 6.0 months in the
control arm.”?

Her2 tyrosine kinase inhibitors

Tyrosine kinases are important regulatory enzymes that
play a key role in controlling cell proliferation, differen-
tiation, metabolism, migration, and survival. Inhibition of
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Table 3 Newly approved agents for Her2-neu-positive breast cancer

Drug

Agents classes Main clinical trials Mechanism of actions FDA approval date
Ado-trastuzumab emtansive or ADC The EMILIA trial: phase IlI, the outcomes of this study ADCs functions through target-dependent and target-  February 2013
T-DM1 (Kadcyla) showed that trastuzumab emtansine significantly improved independent mechanism. The targed-dependent

both the PFS and OS (median 9.6 vs 6.4 months). At the mechanism relies on the target-binding capacity,

second interim analysis, the median OS was 30.9 vs 25.1  followed by cellular internalization and degradation

months. The objective response rate was higher with with payload release. The target-independent effect

T-DM1 (43.6% vs 30.8%)."® is based on extracellular cleavage or leakage of the

*The TH3RESA trial: phase IlI, trastuzumab emtansine payload from the target cells acting on neighboring

treatment resulted in a significant improvement in antigen-negative cells and stromal tissue. ADCs can

0S (median 22.7 vs 15.8 months) versus treatment of also act via antibody-mediated receptor signalling

physician’s choice.'® pathway causing immune response activation via
Ado-Trastuzumab-deruxtecan (DS- ~ ADC The DESTINY-Breast01 trial: reported RR in the trial was thech domain of the mAbs, W_h'Ch is also k_n_owgla ?2573 December 2019
8201) approximately 61% with a median PFS of 16.4 months. antibody-dependent cell-mediated cytotoxicity.

*The DESTINY-Breast03 trial: phase Ill, this study showed

that treatment with DS-8201 led to a highly significant

72% reduction in the risk of disease progression versus

trastuzumab emtansine.
Margetuximab ADC The SOPHIA trial: phase IIl, the confirmed ORR in this December 2020

study was 22%, with a median DOR of 6.1 months in the

margetuximab arm compared with an ORR of 16% and a

median DOR of 6.0 months in the control arm.**
Lapatinib (Tykerb) Her2-TKI The NCT00078572 trial (Lapatinib plus Capecitabine for TKls are small molecular drugs that activate apoptosis March 2007

HER2-Positive Advanced Breast Cancer): phase Ill, the and inhibiting proliferation of malignant cells. It

initial results of the trial demonstrated that lapatinib plus  competitively binds intracellular ATP binding domains

capecitabine is superior to capecitabine alone. The addition of EGFR family due to the homological structure

of lapatinib prolonged the time to progression (8.4 months of the ATP, resulting in inhibiting tyrosine kinase

compared with 4.4 months) and indicated a trend toward ~ phosphorylation, subsequently blocking downstream

improving the 0 and producing fewer cases with CNS signals.'

involvement at first progression.*’ %
Neratinib Her2-TKI The ExteNET trial: phase IIl, at the 5-year follow-up February 2020
(Nerlynx) analysis, the disease-free survival rate was 90.2% in the

neratinib group and 87.7 in the placebo group.”'®

The NEfERT-T clinical trial: phase Il, the conclusion of this

study showed that neratinib-paclitaxel was not superior to

trastuzumab-paclitaxel in terms of the PFS.*®

The NALA trial: phase I1l, this study demonstrated only

modest improving in PFS among patients treated with

combination of neratinib with capecitabine versus

lapatinib with capecitabine. More importantly was the

observation that neratinib with capecitabine significantly

improved median PFS in patients with CNS metastases (7.8

vs 5.5 months).'” 1%
Tucatinib (TUKYSA) Her2-TKI The HER2CLIMB trial: phase II, the overall PFS at 1 year in April 2020

the experimental arm was 33.1% vs 12.3%. The median
duration of PFS was 7.8 and 5.6 months, respectively. Even
more impressive was the OS rate 44.9% at 2 years in the
tucatinib group and 26.6% in placebo group. The median
0S was 21.9 months in tucatinib group and 17.4 months in
placebo group. Among the patients with brain metastases,
the PFS at 1 year was 24.9% in the tucatinib group and
0% in the placebo group.'®'%

ADCs, antibody drug conjugates; CNS, central nervous system; DOR, duration of response; mAb, monoclonal antibody; NTRKI, neurotrophic receptor tyrosine kinase inhibitors; ORR, objective response
rate; OS, overall survival; PARPI, poly-ADP-ribose polymerase inhibitor; PFS, progression-free survival; TKI, tyrosine kinase inhibitors; TROPI, trophoblast cell surface antigen inhibitors.

the intracellular Her2-neu signaling pathways with tyrosine
kinase inhibitors presents an attractive approach to control
BC progression.”*”* In the present article, we focus on three
approved drugs in the therapy of Her2-neu-positive BC.

Lapatinib (Tykerb)

Lapatinib is an oral reversible and selective inhibitor of
the intracellular domains of the tyrosine kinases, Herl
and Her2.”® Lapatinib was approved by the FDA in 2007
in combination with capecitabine to treat patients with
Her2-neu-positive mBC who have received prior therapy
with anthracycline, trastuzumab, and a taxane.”” The initial
results of the trial demonstrated that lapatinib plus capecit-
abine is superior to capecitabine alone. The addition of
lapatinib prolonged the time to progression (8.4 months
compared with 4.4 months) and indicated a trend toward

improving the OS and fewer cases of CNS involvement at
first progression.”” %8

Neratinib (Nerlynx)

FDA approval for neratinib was based on the results of
the ExteNET trial, a large phase I1I trial that assessed the
efficacy of oral neratinib as an extended adjuvant therapy
versus placebo in patients with early stage Her2-positive
BC who have completed adjuvant therapy with trastu-
zumab.” At the S-year follow-up analysis, the disease-
free survival rate was 90.2% in the neratinib group and
87.7 in the placebo group.’®’ The NEfERT-T clinical trial
sought to determine whether neratinib plus paclitaxel
would improve PFS compared with trastuzumab plus
paclitaxel as a first-line therapy in recurrent and/or meta-
static Her2-neu-positive BC. Patients were randomized
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to receive neratinib or trastuzumab, each combined with
paclitaxel. As a conclusion, neratinib-paclitaxel was
found not to be superior to trastuzumab-paclitaxel in
terms of the PFS.'”! Neratinib received FDA approval
in 2020 based on the results of the NALA trial for use
in patients with metastatic Her2-positive BC who have
received at least two lines of Her2-directed therapy.'®
The NALA trial demonstrated only modest improve-
ment in PFS among patients treated with combination
of neratinib with capecitabine versus lapatinib with
capecitabine. More important observation was neratinib
with capecitabine significantly improved median PFS in
patients with CNS metastases when compared with lapa-
tinib with capecitabine arm (7.8 vs 5.5 months).'®

Tucatinib (TUKYSA)

TUKYSA (tucatinib) was approved by the FDA based on the
results of HER2CLIMB trial.'® The study assessed tuca-
tinib in combination with trastuzumab and capecitabine
versus placebo with trastuzumab and capecitabine in heavily
pretreated patients with progressive Her2-neu-positive
mBC. The largest impact of this study was on patients with
brain metastases. This is the first trial to show an OS benefit
in patients with brain metastases. The overall PFS at 1 year
in the experimental arm (tucatinib) was 33.1% vs 12.3%
in the placebo combination group. The median duration of
PFS was 7.8 and 5.6 months, respectively. The OS rate of
44.9% at 2 years in the tucatinib group vs 26.6% in placebo
group was impressive. The median OS was 21.9 months
in tucatinib group and 17.4 months in placebo group.
Among the patients with brain metastases, the PFS at 1 year

was 24.99% in the tucatinib group and 0% in the placebo
group. 104105

CONCLUSION/DISCUSSION

TNBC has an aggressive natural course characterized by the
rapid development of chemotherapy resistance, high recur-
rence rates, and poor outcomes. In recent decades, signifi-
cant progress has been made in understanding the molecular
and biological characteristics of tumors, which are essential
factors for the rational development of targeted therapies.
So far, several classes of targeted therapies have been devel-
oped and shown to be effective in treating patients with
TNBC based on OS and PFS rates. PARP inhibitor’s efficacy
among patients with advanced BC were promising which
resulted in the first regulatory approval of a PARP inhibitor
for the BC. The introduction of immune checkpoint inhib-
itors (anti- PD-1 and anti-PDL-1 antibodies) has changed
the paradigm of treatment of various solid tumors including
TNBC. The results of several clinical and preclinical
studies for PD-1/PD-L1-positive TNBC have proven that
checkpoint blockage has a good outcome for these patient
population. Meanwhile, NRTKs have garnered substantial
attention as therapeutic targets for advanced mBC. ADCs
also gained increasing attention as an anticancer therapeu-
tics for TNBC treatment. Targeting the Trop-2 receptor is
very attractive strategy, particularly in advanced cancers
that have very limited or no treatment option available. As a
result, several Trop-2-targeted therapies, such as anti-Trop-2
antibodies and Trop-2-targeted ADC, have been developed
for clinical use. Improving treatment options for metastatic

Her2-neu-positive BC will lead to improved outcomes and
quality of life among patients. However, there remain many
unanswered questions specially regarding efficacy and
safety of drug combination along with toxicities that must
be answered in order to further optimize BC treatments
and outcome and improve the quality of life in this patient
population.

SUMMARY

BC is the most common cancer affecting women worldwide.
Despite the progress in modern BC therapy, two particular
subtypes of mBC (triple-negative and Her2-positive) remain
the area of significant concern. In this review, we summa-
rized the data from multiple clinical trials that demon-
strated the efficacy of new medications which is unique by
itself. All discussed medicines have been recently approved
by FDA and are currently available for clinicians in general
oncology medical practice.
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