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ABSTRACT

Introduction: Advanced breast cancer (ABC) is a leading cause of mortality, morbidity, and disability in
women worldwide. For decades, treatment of ABC has relied on chemotherapy and endocrine treat-
ments (ET), until HER2 was recognized as a ‘druggable’ target in the 1990s. Thereafter, various anti-HER2
drugs have been approved for the HER2-positive subtype, but only in the last few years, biologic agents
targeting different pathways have entered the therapeutic arsenal of luminal and triple-negative
cancers.

Areas covered: The purpose of the present review is to recapitulate the most promising novel biologic
agents being developed for the treatment of ABC. New drugs for all breast cancer subtypes are
discussed, as well as some potential future directions in ABC treatment.

Expert opinion: Several biologic drugs have been recently approved, revolutionizing ABC treatment
algorithms: key examples are CDK4/6-inhibitors and the PI3K-inhibitor alpelisib for endocrine-positive
ABGC; atezolizumab for triple-negative cancers; two PARP-inhibitors for HER2-negative germinal BRCA-
mutated cancers. Additionally, multiple drugs are demonstrating activity in late-phase clinical trials for
all subtypes. While some of these represent pharmacological evolutions of previously approved drugs,
some others might pave the way for new paradigms in ABC, challenging both its classification and
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current treatment algorithms.

1. Introduction

For decades, the treatment of advanced breast cancer (ABC)
has predominantly consisted of traditional chemotherapies
and endocrine treatments (ET). One relevant step forward
was achieved in the 1990s, with the development and
approval of the first biological agent, the anti-HER2 monoclo-
nal antibody (mAb) trastuzumab [1]. Since then, several other
anti-HER2 agents have been approved for the subgroup of
HER2-positive ABC [2], while treatment of luminal HER2-
negative and triple-negative cancers has kept consisting
mainly of ET and chemotherapies. However, in the last few
years, various new biological agents have entered the clinical
practice in all subgroups of breast cancer (BC) (Figure 1). Three
CDK4/6-inhibitors have been approved for the treatment of
hormone receptor-positive ABC, showing to improve overall
survival (OS) in this population [3-5]. Alpelisib has been
approved for PIK3CA-mutated luminal ABC, in combination
with ET [6,7]. The PARP-inhibitors olaparib and talazoparib
have been approved for the treatment of HER2-negative
germinal BRCA1/2-mutated (gBRCA-mut) ABC, regardless of
hormone receptor expression, based on the benefit showed
by two independent randomized controlled phase 3 clinical
trials. Finally, the anti-PDL1 mAb atezolizumab has been posi-
tioned in the management of PDL1-positive advanced triple-
negative breast cancer (TNBC). Drug development in this field
has kept increasing its pace, and multiple highly active thera-
pies are under study for the treatment of all ABC subgroups.
The purpose of the present review is to recapitulate the most

promising biological agents currently under early- and late-
stage development and to underline the future directions in
which ABC drug development is moving.

2. Hormone receptor-positive breast cancer

Estrogen receptor (ER) represents the first target discovered in
the history of breast cancer [8]. Since the approval of tamoxifen
in the 1970s, several ET have been added in the therapeutic
armamentarium of luminal BC, including Selective Estrogen
Receptor Modulators (SERMs), Selective Estrogen Receptor
Downregulators (SERDs), and Aromatase Inhibitors (Als) [9].

These agents have represented the cornerstone of luminal
ABC treatment for decades, prolonging survival and sparing
toxicity of chemotherapy to many women. Despite this fact,
almost all ABCs ultimately lose responsiveness to hormonal
treatments, and many efforts are ongoing to identify strate-
gies to overcome this resistance.

Activation of alternative intracellular pathways is a recognized
resistance mechanism to ET [10]. Several different biological
agents targeting these pathways have demonstrated to reverse
endocrine sensitivity when combined to hormonal drugs.

2.1. CDK 4/6 inhibitors

CDK4/6-inhibitors are selective inhibitors of cyclin-dependent
kinases 4 and 6, enzymes directly involved in the regulation of
cell cycle transition from G1- to S-phase. When combined with
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Article highlights
e In the last 20 years, the introduction of biologic drugs has progres-
sively revolutionized treatment algorithms of all breast cancer
subtypes

More recently, an accelerated pace in biologic drug approval in
breast cancer has been observed, with about half of all approvals
taking place in the last 3 years

Novel anti-HER2 antibody-drug conjugates are challenging traditional
treatment paradigms, showing activity in the emerging entity of
HER2-low breast cancers

As more genetic alterations become actionable, molecular profiling of
ABC becomes increasingly important for the optimal selection of
treatments

Biologic treatments inevitably increase treatment costs, and a major
challenge in the future will be ensuring optimal accessibility to novel
treatments in developing countries

This box summarizes key points contained in the article.

fulvestrant or Als, these agents have demonstrated to improve
treatment outcomes, with a favorable toxicity profile.

The MONALEESA-2 [11,12], PALOMA-2 [13,14] and
MONARCH-3 [15,16] trials, respectively, tested ribociclib, pal-
bociclib, and abemaciclib in combination with Als as first-line
treatment for luminal BC. Similarly, the PALOMA-3 [5,17] and
MONARCH-2 [18] trials combined palbociclib and abemaciclib
with fulvestrant in patients who had previously progressed on
ET alone, while the MONALEESA-3 study tested the combina-
tion of ribociclib and fulvestrant in both treatment-naive and
women progressed to up to one line of ET [19]. All of these
studies reached the primary endpoint, with a significant PFS
increase, and CDK4/6-inhibitors + ET became standard of care
for luminal ABC as both first-line treatment or after progres-
sion to a previous ET. Additionally, ribociclib was tested in
combination with Al or tamoxifen (plus goserelin) in preme-
nopausal women in the phase 3 MONALEESA-7 trial, showing
a relevant and statistically significant OS improvement in the
study cohort [20].

Results in terms of OS of CDK4/6-inhibitors plus fulvestrant
have been recently presented: two of these trials have reached
statistical significance (MONALEESA-3 [21], MONARCH-2 [4]),
whereas the PALOMA-3 [5] showed a strong trend. OS data in
first line are maturing.

All of these agents were well tolerated, with slightly differ-
ent toxicity profiles [22]. Most frequent observed adverse
events (AEs) across trials were neutropenia for palbociclib
and ribociclib, diarrhea for abemaciclib, liver toxicity for ribo-
ciblib and abemaciclib, and QT interval prolongation for
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Figure 1. Timeline of FDA-approval biologic treatments for ABC management.
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ribociclib. Interestingly, despite the common occurrence of
neutropenia with these agents, febrile neutropenia was
a relatively rare event in all trials, occurring in less than 2%
of the patients.

The best strategy after progression on CDK4/6-inhibitors
and ET still needs to be defined. Chemotherapy should be
avoided in patients without visceral crisis, but ET alone may
not be active enough. Some trials are exploring the efficacy of
continuing CDK4/6-inhibitors beyond progression with
a different ET, whereas others are combining CDK4/6-inhibi-
tors with biological agents targeting other pathways and/or
immunotherapy (Table 1). Alternative strategies are testing
these new agents plus CDK4/6-inhibitors and ET in the same
setting of approval trial, to verify if a triple combination can
further increase outcomes.

2.2. PI3K/AKT/mTOR pathway

The PI3K/AKT/mTOR pathway is frequently deregulated in BC
[23]. Drugs targeting this pathway have been deeply investi-
gated, with contradictory results.

Everolimus, an mTOR-inhibitor, is the first biological agent
approved for luminal ABC. The BOLERO-2 [24] trial showed
a PFS improvement with the combination of exemestane and
everolimus versus exemestane alone, with a median PFS
(mPFS) of 6.9 versus 2.8 months (hazard ratio [HR] 0.43; 95%
confidence interval [Cl], 0.35-0.54; p < 0.001), even if toxicity
was higher in the experimental arm. In particular, treatment
with everolimus resulted in a higher rate of grade 3-4 stoma-
titis, anemia, hyperglycemia, and pneumonitis. Due to the
challenging toxicity profile, the compound is still only partially
implemented in clinical practice.

Alpelisib is an oral a-selective inhibitor of PI3K. The phase 3
SOLAR-1 [6] trial compared the combination of fulvestrant +
alpelisib in patients with ET-pretreated luminal ABC. mPFS was
significantly higher with the combination therapy (11 vs
5.7 months; HR 0.65; 95% Cl, 0.50 to 0.85; p < 0.001) in patients
with PI3KCA-mutated tumors, whereas this advantage was not
observed for PI3KCA-wild type tumors. Most frequent >G3 AEs
were hyperglycemia (36.6% vs 0.7% in experimental vs stan-
dard arm), rash (20.1% vs 0.3%), and diarrhea (6.7% vs 0.3%).
The results of this trial led to alpelisib FDA-approval for
PI3KCA-mutated luminal ABC, whereas approval is still pend-
ing in Europe.

Since only a minority of patients enrolled in the SOLAR-1
was pretreated with CDK4/6-inhibitors (6%), the BYLieve trial
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Since the approval of the first biologic drug in ABC treatment (1998), drug development in this field has kept increasing its pace, with half of all the approvals taking place between 2017

and 2019.
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(NCT03056755) was initiated, to test the efficacy of alpelisib
plus ET after progressing on CDK4/6-inhibitors + ET.

Taselisib is a selective PI3K-inhibitor (PI3Ki) targeting alpha,
delta, and gamma isoforms. The combination of taselisib plus
fulvestrant was investigated versus fulvestrant alone in the
phase 3 SANDPIPER trial [25], showing a significant but small
MPFS increase in the combination arm (mPFS 7.4 vs
5.4 months; HR 0.70; 95% Cl not provided; p < 0.01).
Nevertheless, toxicity was important, leading to more taselisib
discontinuations (17% vs 2%) and dose reductions (37% vs
2%), versus placebo. A phase 2 trial testing taselisib plus
tamoxifen is ongoing (POSEIDON trial).

Buparlisib is a highly selective pan-class | PI3K inhibitor
tested in combination with several ET. Preliminary results
from the phase 2 BELLE-2 trial [26] showed a significant PFS
improvement from the combination of buparlisib plus fulves-
trant versus fulvestrant alone (6.9 vs 5 months; HR 0.78; 95% Cl
0.67-0.89; p < 0.001), with a favorable trend in OS (HR 0.87;
95% Cl 0.74-1.02; p = 0.045) [27]. These results were con-
firmed in phase 3 BELLE-3 study [28], where mPFS was sig-
nificantly higher in the combination arm (3.9 vs 1.8 months;
HR 0.67, 95% Cl 0.53-0.84; p < 0.01). Despite these results, the
clinical development of buparlisib was stopped because of
excessive toxicities. As high as 61% of patients in the buparli-
sib group experienced >G3 AEs, with elevated aminotrans-
ferases, hyperglycemia, and hypertension being the most
frequent.

Capivasertib is an orally available pan-AKT inhibitor, for
which efficacy data have been recently published. The phase
2 FAKTION trial [29] enrolled patients with luminal ABC pre-
treated with Al, randomizing them to receive fulvestrant with
or without capivasertib. Patients were stratified according to
PIK3CA and PTEN status. mPFS was 10.3 months for capiva-
sertib versus 4.8 months for placebo (HR 0.58; 95% Cl 0.39--
0.84; p < 0.01), and median OS was 26 months for capivasertib
compared to 20 months for placebo (HR 0.59; 95% Cl 0.34—-
1.05; p = 0.071). However, the combination of fulvestrant and
capivasertib in AKT-mutated cancers was not investigated in
this trial. The most common >G3 AEs were hypertension (32%
vs 24%), diarrhea (14% vs 4%), and fatigue (1 vs 4%), and two
deaths were possibly related to the study regimen.

2.3. Histone deacetylase inhibitors

Epigenetic modifications are often implied in endocrine-
resistance in ABC [30]. To overcome such resistance mechan-
ism, several histone deacetylase (HDAC) inhibitors are under
investigation.

Entinostat is a selective, oral, class | HDAC inhibitor. In
luminal ABC, the combination of entinostat and exemestane
has demonstrated to significantly improve mPFS versus exe-
mestane alone in a phase 2 trial [31] (4.28 vs 2.27 months, HR
0.73; 95% Cl not reported; p = 0.06). A randomized phase 3
trial testing the same combination is ongoing.

Tucidinostat is a subtype-selective HDAC-inhibitor entirely
developed in China and already approved in this country. The
phase 3 ACE trial [32] tested exemestane + tucidinostat in ET-
resistant postmenopausal patients, showing a significant PFS
improvement (7.4 vs 3.8 months; HR 0.75; 95% Cl 0.58-0.98;

p = 0.033). Nevertheless toxicities were not negligible, and
48% of treatment interruptions were recorded in the experi-
mental arm. Most frequently observed AEs were hematologi-
cal, hypokalemia, and nausea.

2.4. FGFR-inhibitors

Fibroblast Growth Factor Receptor (FGFR) amplifications are
detected in about 14% of BC, mainly in the luminal subtype
[33]. FGFR-inhibition in luminal BC has been tested with both
selective FGFR-inhibitors and multitarget tyrosine kinase inhi-
bitors (TKI) with additional anti-angiogenic action.

AZD4547 is a highly selective inhibitor of FGFR1-3. The
phase 1b/2a RADICAL trial [34] tested AZD4547 in combina-
tion with Als, showing preliminary activity and safety in an
FGFR-unselected population. The phase 2 GLOW trial instead
enrolled only patients with FGFR1 polysomy or gene amplifi-
cation, randomizing them to receive fulvestrant +AZD4547.
Data from this trial are still awaited.

Lucitanib is a dual inhibitor targeting VEGFR 1-3 and FGFR
1-3. The phase 1b INES trial [35] tested lucitanib in combina-
tion with fulvestrant in FGFR-unselected fulvestrant-pretreated
luminal ABC, with some signals of activity (ORR 16.7%) but an
unfavorable safety profile (high rate of G3-4 hypertension and
fatigue). Further data were reported from the phase 2 FINESSE
trial [36], testing lucitanib in FGFR1-altered and wild-type ER-
positive/HER2-negative patients. Overall, 76 patients were
enrolled, with modest activity (ORR 19%) demonstrated only
in FGFR1 amplified patients, and significant cardiovascular
toxicities (=G3 hypertension in 66% of patients) related to
the anti-angiogenic effect of lucitanib.

3. HER2-positive breast cancer

Since the approval of trastuzumab in 1998, several other anti-
HER2 agents have been developed for HER2-positive ABC
treatment, across diverse pharmacological classes. Until 2019,
four of these agents had been FDA and/or EMA approved for
the treatment of ABC: the mAbs trastuzumab and pertuzumab,
the TKI lapatinib and the antibody-drug-conjugate (ADC) tras-
tuzumab emtansine (TDM-1) [2]. Novel agents belonging to all
of these classes are under development, and new agents with
different mechanisms of action are showing activity in this
context. In particular, novel anti-HER2 TKls are showing
encouraging results in combination with chemotherapy, espe-
cially in patients with central nervous system (CNS) disease,
and novel ADCs are demonstrating impressive activity in
highly pretreated HER2-positive ABC patients. Of note, the
latter class of agents is showing potential activity in the treat-
ment of HER2-low ABC, a wide category of patients for which
no anti-HER2 agent has ever demonstrated activity. Such
results are likely related to engineering improvements leading
to the synthesis of ADCs with higher drug-to-antibody ratio
(DAR) and cleavable linkers. These features allow the so-called
bystander killing effect, namely the activity of the compound
not only against cancer cells expressing the target but also
against surrounding cells.



3.1. Anti-HER2 monoclonal antibodies

Margetuximab is an Fc-engineered anti-HER2 mAb, designed
to increase affinity for the activating Fc receptor CD16A and
decrease affinity for the inhibitory Fc receptor CD32B.
Preliminary results from the randomized phase 3 SOPHIA trial
of margetuximab + chemotherapy in pretreated HER2-positive
(both hormone receptor-positive and -negative) ABC demon-
strated a statistically significant improvement in PFS over
trastuzumab + chemotherapy (mPFS 5.8 vs 4.9 months; HR
0.76; 95% Cl 0.59-0.98 p = 0.033), which was more pro-
nounced in patients with CD16A genotypes containing
a 158 F allele (mPFS 6.9 vs 5.1 months; HR 0.68; 95% Cl
0.52-0.90; p = 0.005) [37]. A preliminary analysis of OS was
also recently reported, with an HR of 0.95 in the overall
population (95% Cl 0.69-1.31), and an HR of 0.82 for the
genotype-restricted population (95% Cl 0.58-1.17) [38].
Safety was comparable in both arms. OS data are still matur-
ing, and will potentially clarify the ultimate clinical impact of
the compound.

3.2. Anti-HER2 tyrosine kinase inhibitors

Neratinib is an irreversible pan-HER TKI, currently approved
for the extended adjuvant treatment of HER2-positive
early BC based on the results of the phase 3 ExteNET trial
[39]. Various trials have tested the drug in the advanced
setting. In the phase 2 NEfERT-T trial, neratinib failed to
show a superior activity compared with trastuzumab when
associated to paclitaxel, although a superior CNS activity was
noted [40]. A promising CNS activity was also shown by the
phase 2 TBCRCO022 trial in ABC patients with brain metastases,
with a CNS response rate ranging between 33% and 49%
depending on previous TKI treatment [41]. Finally, data from
the randomized phase 3 NALA trial were recently presented:
compared with lapatinib and capecitabine, neratinib and
capecitabine demonstrated an improved activity in terms of
PFS, with a similar toxicity profile [42]. Overall, the main
toxicity identified was diarrhea, =G3 in about 30% of the
patients across the trials. Following these results, FDA
approved the combination of neratinib and capecitabine for
HER2-positive ABC pretreated with > prior anti-HER2-based
treatments.

Tucatinib is a HER2-selective TKI currently in the study for
ABC, for which a promising activity was reported in early
phase trials. In a phase 1b trial testing the combination of
tucatinib + TDM1 in second line after trastuzumab and
a taxane, an ORR of 48% was reported, with an acceptable
toxicity profile [43]. A further phase 1b trial tested tucatinib in
combination with trastuzumab and capecitabine, finding an
ORR of 61% and a brain-specific ORR of 42%, with fewer EGFR-
related AEs compared with other anti-HER2 TKls [44]. These
results guided the design of the randomized phase 2
HER2CLIMB trial, which tested the combination of capecita-
bine and trastuzumab with or without tucatinib in TDM1-
pretreated HER2-positive ABC patients [45]. Results from this
trial were recently published, showing a statistically significant
improvement of PFS at 1 year from 12.3% to 33.1% (HR 0.54;
95% Cl 0.42 to 0.71; p < 0.001) and a statistically significant
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improvement in OS from 17.4 months to 21.9 months in the
study arm (HR 0.66; 95% Cl 0.50 to 0.88; p = 0.005) [46]. ORR
was also improved in the tucatinib arm, and the drug demon-
strated a remarkable activity also in patients with brain metas-
tasis at enrollment. There was a higher rate of >G3 diarrhea
(12.9% vs 8.6%) and aminotransferase increase (5% vs 0.5%) in
the study arm, with most of other toxicities being comparable.
Based on these results, the compound has been recently
granted Priority Review by FDA.

Poziotinib is an irreversible pan-HER TKI which has shown
interesting activity for pretreated HER2-positive ABC patients.
In a phase 2 trial conducted in South Korea, the compound
achieved an ORR of 25% and a mPFS of 4 months, with
diarrhea, stomatitis, and rash being the most common AEs
[47]. Further trials are testing the compound in combination
with TDM1 or in patients harboring EGFR/AR alterations.

Pyrotinib is an irreversible pan-HER TKI for which encoura-
ging data has recently been reported in pretreated HER2-
positive ABC. A phase 3 trial conducted in China randomized
279 HER2-positive ABC patients to receive capecitabine +
pyrotinib, finding an ORR (68% vs 16%) and PFS advantage
in the pyrotinib arm (11 vs 4 months; HR 0.18; 95% Cl 0.13--
0.26; p < 0.001) [48]. Furthermore, in a phase 2 trial enrolling
128 HER2-positive ABC patients, the capecitabine + pyrotinib
combination achieved a higher ORR (78% vs 57%, p 0.01) and
PFS (18 vs 7 months; HR 0.36; 95% Cl, 0.23-0.58; p < 0.01)
compared with capecitabine + lapatinib, with a comparable
safety profile [49]. The randomized phase 3 PHOEBE is cur-
rently testing the same combinations on a larger study
population.

3.3. Anti-HER2 antibody-drug conjugates

Trastuzumab deruxtecan is a HER2-targeting mAb conjugated
with a topoisomerase | inhibitor (DXd), characterized by a high
DAR (7-8) and an enzymatically cleavable linker, which
enables an effective bystander effect. A single-group phase 2
trial tested the compound in 184 highly pretreated (median of
6 prior lines) HER2-positive ABC patients, showing an impress-
ive ORR of 60.9%, a DCR of 97.3%, and a mPFS of 16.4 months
[50]. Efficacy was seen in all patient subgroups, including
patients with CNS disease, ER+ disease, and prior treatment
with TDM1. Estimated OS at 1 year was 86%, while mOS was
not reached. The main =G3 toxicities were neutropenia
(20.7%), anemia (8.7%), and nausea (7.6%), likely related to
the chemotherapy backbone. However, interstitial lung dis-
ease (ILD) emerged as a potentially severe AE, with 13.6% of
the patients experiencing any-grade ILD, and four deaths
related to the toxicity. Following the report of fatal cases of
ILD, a robust monitoring and management plan has been
established for all trastuzumab deruxtecan studies, with
prompt detection and treatment of ILD, and study treatment
discontinuation in symptomatic cases.

Of note, the compound showed relevant activity also in
HER2-low patients (HER2 IHC 1+ or 2+ with negative ISH
assay), a subgroup of patients for whom no anti-HER2 therapy
is currently approved. Indeed, the conjugate was tested in
a phase 1 trial enrolling 54 highly pretreated HER2-low ABC
patients, finding an ORR of 37%, a mPFS of 11.1 months, and
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a mOS of 29.4 months [51]. According to the promising activ-
ity seen in early phase trials, three phase 3 trials have been
initiated, one of which in HER2-low patients [52]; moreover,
two phase 1b trials are testing the drug in combination with
anti-PD1 antibodies. However, the impressive data observed in
the abovementioned phase 2 trial were sufficient to prompt
FDA accelerated approval of trastuzumab deruxtecan for pre-
treated HER2-positive ABC patients in early 2020.

Trastuzumab duocarmazine is a HER2-targeting mAb con-
jugated to a potent duocarmycin payload (vc-seco-DUBA)
through a cleavable linker, with a DAR of 2.8. Results from
the phase 1 trial testing the compound in multiple HER2-
expressing solid tumor patients revealed a promising ORR of
33% and mPFS of 7.6 months in HER2-positive ABC patients
[53]. BC patients were highly pretreated, with a median of 6
previous treatments. In analogy with trastuzumab deruxtecan,
trastuzumab duocarmazine showed activity also in HER2-low
ABC, with an ORR ranging between 28% and 40% depending
on hormone receptors status [54]. >G3 toxicities occurred in
35% of the patients, mainly consisting of neutropenia, fatigue,
and conjunctivitis. The phase 3 TULIP trial is currently ongoing,
comparing trastuzumab duocarmazine to treatment of physi-
cian choice in HER2-positive BC.

3.4. Anti-HER2 bispecific antibodies

ZW25 is a bispecific/biparatopic antibody targeting two differ-
ent domains of HER2 (ECD2/ECD4). After several in vivo studies
demonstrating activity of the compound in both HER2-
positive and HER2-low expressing models, a phase 1 trial
was initiated. Seventeen highly pretreated HER2-positive ABC
patients were enrolled, with 13 being evaluable for response
[55]. In this cohort, PR rate was 46%, with a DCR of 54%.
Toxicity profile was manageable, with only G1-2 AEs consisting
of diarrhea and infusion reactions. Notably, by linking an
auristatin payload to ZW25, the new compound ZW49 was
derived, combining the mechanisms of action of ADCs and
bispecific antibodies. The antibody is currently being tested in
a phase 1 trial (NCT03821233)

3.5. Immunotherapy in HER2-positive breast cancer

Together with demonstrating a critical role in TNBC, immune
checkpoint inhibitors (ICPI) are being tested in HER2-positive
disease, with some signals of activity. The phase 1b/2
PANACEA trial [56] tested the combination of trastuzumab
and pembrolizumab in pretreated patients with HER2+ ABC.
An ORR of 15% was achieved in the PDL1-positive population,
whereas no responses were observed among PD-L1 negative
patients. mPFS was similar between the two groups (2.7 and
2.5 months, respectively). OS data are still immature, but pre-
liminary results underlined a possible benefit for patients with
PDL1-positive tumors.

The KATE2 trial [57,58] investigated instead the combination
of TDM1 plus atezolizumab/placebo, identifying a possible treat-
ment benefit restricted to PDL1-positive tumors (mPFS 8.5 vs
4.1 months; HR 0.60; 95% Cl 0.32-1.11; mOS not reached in both
arms; HR 0.55; 95% Cl 0.22-1.38). Several other trials combining

anti-HER2 agents and ICPI are ongoing, also in combination with
chemotherapy as first-line treatment (NCT03125928).

3.6. CDK4/6-inhibitors

Various CKD4/6-inhibitors are being investigated in different
combination for HER2-positive BC (Table 2). Indeed, preclinical
evidence show that CDK4/6-inhibitors could result synergic
with HER2-inhibition [59], together with reverting resistance
to anti-HER2 agents [60]. Relevant data with two of these
combinations have been recently reported.

Palbociclib was tested in combination with trastuzumab +
letrozole in the SOLTI-PATRICIA phase 2 study, enrolling pre-
treated HER2+ patients [61]. At a preliminary analysis on 45
patients, the combination showed to be safe and active, par-
ticularly in the luminal subtype by PAM50, with a better clin-
ical benefit rate (73% vs 31%) and mPFS (12.4 vs 4.1 months,
HR 0.37; 95% Cl not reported; p 0.052) compar