
Solving the Puzzle of Treatment Resistance in Patients
with HER2-Positive Metastatic Breast Cancer – New 
Approaches to HER Target Family Network

During the past two decades, there has been remarkable 
progress in the development of targeted therapies for 

human epidermal growth factor receptor 2 (HER2)-positive 
breast cancer (BC), and now, systemic therapy is a key com-
ponent of the metastatic BC management.[1] However, in 
spite of unquestionable clinical benefits, which have been 
accomplished with HER2-targeted therapies, HER2-positive 
metastatic BC still remains an incurable disease. This unfortu-

nate situation has been further aggravated by the frequent 
development of resistance to HER2-directed medications. 
To address this unmet medical need, an explanation of the 
complex resistance mechanisms is a necessary step for the 
development of innovative therapeutic solutions to improve 
the patient outcomes.[1] However, an accurate interpretation 
of mechanisms of resistance is very difficult, because of the 
tumor heterogeneity and, interrelated compensatory signal-

In the last twenty years, there has been remarkable progress in the development of therapies for human epidermal 
growth factor receptor 2 (HER2)-positive breast cancer (BC), and now, systemic therapy is a key component of the meta-
static BC management. Modern therapies for patients with HER2-positive metastatic BC include targeted anti-HER2 
monoclonal antibodies (mAbs), antibody-drug conjugates (ADCs), tyrosine kinase inhibitors (TKIs), and chemotherapy 
(CHT) (e.g., capecitabine). Consequently, various HER2-targeted agents, such as trastuzumab and pertuzumab (mAbs), 
trastuzumab emtansine (T-DM1) (an ADC), as well as lapatinib (a TKI) have been recommended as key components of 
the standard of care regimens for patients suffering from HER2-positive BC. 
This mini-review outlines possible mechanisms of resistance to common anti-HER2 treatments. In addition, this pa-
per highlights novel HER2-targeted therapeutic strategies for the systemic treatment of patients with HER2-positive 
metastatic BC, including margetuximab (a novel mAb), trastuzumab deruxtecan (a high potency ADCs), and tucatinib 
(a selective TKI), based on the results of recent clinical trials. Furthermore, this article briefly comments on the phos-
phatidylinositol-3 kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) inhibitors and anti-HER3 approaches, in 
women with metastatic BC. 
This overview also addresses some possible advantages of immune checkpoint inhibitors and cyclin-dependent kinase 
(CDK) 4/6 inhibitors used in combination with anti-HER2  therapies for patients with HER2-positive metastatic BC, as 
well as some management issues, aiming at bridging the gap between the guidelines and the challenges of daily prac-
tice in individual women with HER2-positive metastatic BC. 
Keywords: Antibody-drug conjugates (ADCs), breast cancer (BC), human epidermal growth factor receptor 2 (HER2), 
metastatic BC, monoclonal antibodies (mAbs), treatment resistance, tyrosine kinase inhibitors (TKIs)

 Katarzyna Rygiel

Department of Family Practice, Medical University of Silesia (SUM), Zabrze, Poland

Abstract

DOI: 10.14744/ejmo.2020.93349
EJMO 2020;4(2):126–134

Review

Cite This Article: Rygiel K. Solving the Puzzle of Treatment Resistance in Patients with HER2-Positive Metastatic Breast 
Cancer – New Approaches to HER Target Family Network. EJMO 2020;4(2):126–134.

Address for correspondence: Katarzyna Rygiel, MD. Department of Family Practice, Medical University of Silesia (SUM), Zabrze, Poland
Phone:  48 692 576 729 E-mail: kasiaalpha@yahoo.co.uk
Submitted Date: February 02, 2020 Accepted Date: April 10, 2020 Available Online Date: April 15, 2020
©Copyright 2020 by Eurasian Journal of Medicine and Oncology - Available online at www.ejmo.org
OPEN ACCESS  This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.



127EJMO

ing HER pathways. Moreover, multiple mechanisms of resis-
tance may coexist in the same cell.[1]

Currently, the main therapies indicated for patients with 
HER2-positive metastatic BC include targeted anti-HER2 
monoclonal antibodies (mAbs) (e.g., trastuzumab and 
pertuzumab), antibody-drug conjugates (ADCs) (e.g., 
trastuzumab emtansine (T-DM1)), tyrosine kinase inhibi-
tors (TKIs) (e.g., lapatinib), and chemotherapy (CHT) (e.g., 
taxanes or capecitabine).[2] In addition to these therapies, 
some promising options involve the innovative anti-HER2 
mAbs (e.g., margetuximab),[3] high potency ADCs (e.g., 
trastuzumab deruxtecan),[4] and selective TKIs (e.g., tuca-
tinib).[5] There is no question that overcoming resistance 
to HER2-targeted therapies is very challenging. How-
ever, exploring the phosphatidylinositol-3 kinase (PI3K)/
protein kinase B (AKT)/mammalian target of rapamycin 
(mTOR) signalization pathway and HER3 activation sheds 
some light on solving this problem in women with HER2-
positive metastatic BC.[6, 7]

This mini-review outlines possible mechanisms of resis-
tance to common anti-HER2 treatments. In addition, this 
paper highlights novel HER2-targeted therapeutic strat-
egies for the systemic treatment of patients with HER2-
positive metastatic BC, including margetuximab, trastu-
zumab deruxtecan, and tucatinib, based on the results 
of recent clinical trials. Furthermore, this article briefly 
comments on PI3K/AKT/mTOR inhibitors and anti-HER3 
approaches, in women with metastatic BC. This overview 
also addresses some possible advantages of selected im-
mune checkpoint inhibitors and cyclin-dependent kinase 
(CDK) 4/6 inhibitors, used in combination with anti-HER2 
therapies for patients with HER2-positive metastatic BC as 
well as some management issues, aiming at bridging the 
gap between the guidelines and the challenges of daily 
practice in individual women with HER2-positive meta-
static BC.

Mechanisms of Resistance to Anti-HER2 
Treatments in Metastatic BC – Focus on  
PI3K/AKT Signaling Pathway
HER2 is a transmembrane receptor tyrosine kinase (RTK) that 
belongs to the HER family, together with other receptors, in-
cluding HER1, HER3, and HER4, as well as over ten ligands.[1] 

It should be noted that HER2 (in contrast to the other HER 
receptors) does not have its particular ligand, and HER3 does 
not exert intrinsic tyrosine kinase (TK) activity.[8]

HER receptors can create homodimers or heterodimers, 
which undergo transphosphorylation of the TK domains, 
and then stimulate downstream signaling by the phospha-
tidylinositol-3 kinase/protein kinase B/mammalian target 

of rapamycin (PI3K/AKT/mTOR) and the RAS/mitogen-acti-
vated protein kinase (MAPK) pathways.[6, 8] In fact, the PI3K/
AKT signaling pathway has a profound impact on the cell 
growth, proliferation, migration and apoptosis. Induction 
of the PI3K/AKT pathway enables the expression of genes 
responsible for malignant cell proliferation, growth, angio-
genesis, local invasion, and metastatic spread.[6, 8] 

Moreover, it needs to be kept in mind that HER2 is the most 
prominent, while HER2/HER3 heterodimer has probably 
the highest oncogenic propensity.[7, 8] Consequently, if the 
HER2 gene amplification is present or the HER2 protein 
is overexpressed (as it happens in about 20% of BCs), the 
downstream pathways are mediated via aberrant signal 
transduction (e.g., by the hyperactivation of PI3K/AKT and 
RAS/MAPK signaling pathways).[6, 8] The PI3K/AKT activa-
tion can also be related to endocrine resistance and worse 
prognosis in certain subgroups of women with ER-positive 
metastatic BC. At this point, resistance (both primary and 
acquired) to HER2-directed medications can develop dur-
ing the treatment process, contributing to BC progression 
and negative clinical outcomes. It should be highlighted 
that the mechanisms of resistance to anti-HER2 therapies 
usually involve an abnormal activation of the HER2 or ER 
escape pathways via redundant communication networks. 
Consequently, breast tumors co-expressing HER2 and ER 
are less sensitive to endocrine therapy (ET) than the ER-
positive/HER2-negative BCs. Since ER may serve as an es-
cape pathway to the HER2 inhibition, concomitant block-
ing of ER (with ET) together with HER2 (with anti-HER2 
blockade) can improve patient outcomes  (Fig. 1).[1, 7, 8] 

In addition, it should be noted that changes in down-
stream signaling pathways, via hyperactivation of the PI3K/
AKT/mTOR pathway, related to decreased levels of tumor 
suppressor genes (e.g., phosphatase and tensin homolog 
(PTEN)) or due to activating mutations in PIK3CA can also 
contribute to the therapeutic resistance).[6, 8] At this point, it 
should be noted that the mTOR pathway, which integrates 
both intracellular and extracellular signals and serves as a 
central regulation of cell metabolism, development, prolif-
eration and survival, can also play a role of the novel thera-
peutic target.[8]

A Spotlight on HER3-Mediated Signaling and 
its Impact on Therapeutic Resistance 
It should be emphasized that HER3 as a key heterodimeric 
component (for other HER particles), is capable of the regu-
lation of resistance to anti-HER2 and ET treatments (e.g., via 
the activation of PI3K/AKT signaling pathway).[7, 8] On the 
other hand, however, activating mutations in HER3 have 
revealed some beneficial role of HER3 as an innovative 
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treatment target, where small molecules, such as TKIs (e.g., 
neratinib) can be applied, by binding to the TK extracellular 
domain.[7, 8]

It should be highlighted that HER3 plays a key role in HER 
signalization network and HER2-directed treatment resis-
tance.[7] Noticeably, applying novel TKIs in order to target 
other HER family members can contribute to feedback up-
regulation of HER3. This, in turn, may enhance the direct 
targeting of HER3, creating a possible therapeutic option.
[7] Although some anti-HER3 mono- and bispecific antibod-
ies and small molecule inhibitors have revealed efficacy, 
the HER3-targeted treatment is still not approved for the 
clinical use.[7] Nevertheless, it is conceivable that concur-
rent suppression of HER3 and other HER family members 
can be useful for achieving beneficial therapeutic effects in 
women with HER2-positive BC.[7] 

Promising Therapeutic Strategies to Combat 
Resistance and Improve Prognosis in Patients 
With HER2-Positive Metastatic BC 
Resistance is a well-known cause of treatment failure, 
which reduces the efficacy of many HER2-targeted agents 
(e.g., mAbs and TKIs) in patients with HER2-positive BC. 

Since the resistance to anti-HER2 agents can often be 
caused by HER2 pathway reactivation/redundancy and 
possible use of escape pathways (via ER) (Fig. 1),[8] recent 
attempts to overcome these obstacles are focused on nov-
el treatments that block different components of the HER 
family signaling network.[8]

In addition, due to some defects in host immunity and 
specific anatomic resistance conditions (e.g., in the central 
nervous system (CNS)), innovative treatments are designed 
to interfere with some host immune factors or anatomical 
conditions (e.g., CNS) (Fig. 1).[8] 
In particular, such innovative strategies to combat resis-
tance to standard HER2-targeted therapies include the fol-
lowing (Table 1):
(a) Fc domain-engineered anti-HER2 monoclonal antibody 
(e.g., margetuximab) – designed to reduce resistance sec-
ondary to low-affinity activating Fcγ receptors (FcγR),[3]

(b) ADCs (e.g., trastuzumab deruxtecan and trastuzumab 
duocarmazine) – aimed at overcoming resistance caused 
by PIK3CA mutation,[4, 9, 10–12]

(c) selective TKIs (e.g., tucatinib) – geared towards over-
coming anatomic resistance associated with the blood-
brain barrier (that is especially helpful in the case of brain 
metastases due to HER2-overexpressing BC).[5] 
Noticeably, margetuximab binds with increased affinity to 
both lower- and higher-affinity forms of FcγR. In this way, 
margetuximab elicits potent antibody-dependent cellular 
cytotoxicity (ADCC) reactions, even in patients with low-
affinity activating FcγRs.[3] In addition to this advantage, 
margetuximab has been well tolerated (e.g., without the in-
crease in cardiotoxicity events).[3] In the SOPHIA trial (phase 
3, NCT02492711), margetuximab has revealed its benefits, 
when compared to trastuzumab (in combination with CHT) 
among women with HER2-positive metastatic BC (after pri-
or anti-HER2 therapy) (Table 1).[3]

It is worth keeping in mind that antibody-dependent cel-

Figure 1. The main mechanisms of resistance to anti-HER2 therapies in patients with HER2-positive metastatic BC.[1, 7, 8]

ADCC: antibody-dependent cellular cytotoxicity; BC: breast cancer; CD137 (4-1BB): the costimulatory receptor on natural killer cells; ER: estrogen receptor; FcγR: 
Fcγ receptor; HER2: human epidermal growth factor receptor 2; HER3: human epidermal growth factor receptor 3; NK: natural killer; PI3K/AKT/mTOR: phospha-
tidylinositol-3 kinase/protein kinase B/mammalian target of rapamycin signaling pathway.
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lular cytotoxicity (ADCC) can also be increased via activa-
tion of the costimulatory receptor CD137 (4-1BB), located 
on natural killer (NK) cells, by using agonist antibodies. 
CD137 agonists augment cytotoxic T-cell responses that 
result in anti-tumor activity. For instance, utomilumab (PF-
05082566) is a fully humanized IgG2 agonist monoclonal 
antibody targeting 4-1BB.[13] Stimulation of trastuzumab-
activated human NK cells with agonistic mAb specific for 
CD137 has been lethal for BC cells (even if such BC cells 
were previously resistant to trastuzumab).[13] In fact, the 
dual antibody approach (which combines a tumor-target-
ing antibody with an antibody that stimulates the host 
primary immunity) can augment the treatment results in 
patients with HER2-positive BC.[13] A clinical trial of agonist 
CD137 antibody utomilumab in combination with trastu-
zumab or T-DM1 is currently underway (NCT03364348).[8]

It should be recognized that novel ADCs, such as trastuzum-
ab deruxtecan (DS8201)[4] and trastuzumab duocarmazine 
(SYD985),[11] as targeted agents, combining the selectivity of 
monoclonal antibodies with the cytotoxicity of chemother-
apeutics, offer promising strategies for many women with 
HER2-positive metastatic BC, who developed resistance to 
prior lines of treatment (e.g., trastuzumab emtansine (T-
DM1)).[9] Trastuzumab deruxtecan (DS8201) is an ADC which 
contains the humanized anti-HER2 IgG1, trastuzumab, co-
valently linked to the topoisomerase I inhibitor, deruxtecan 
(a cytotoxic payload).[4] The approval of Trastuzumab derux-
tecan reflects the innovative treatment strategy for patients 
who have progressed on prior lines of anti-HER2 therapy 
(e.g., trastuzumab, pertuzumab, T-DM1, and other targeted 
agents), and is based on results from the DESTINY-Breast01 
trial (phase 2, NCT03248492) (Table 1).[4] 

Trastuzumab duocarmazine (SYD985) consists of trastu-
zumab, a “cleavable” linker, and duocarmycin payload (an 
alkylating agent), in the form of inactive prodrug.[11] Upon 
the release, cytotoxic payload irreversibly binds to the DNA, 
causing cell death not only in dividing and nondividing 
cells in the tumor microenvironment, but also in neighbor-
ing tumor cells (via the ”bystander effect”).[11] SYD985 has 
revealed clinical activity and acceptable safety profile in 
pretreated women with metastatic BC (HER2-positive and 
T-DM1-resistant), as well as in those with HER2-low expres-
sion BC.[11] Further exploration of SYD985 for HER2-positive 
and HER2-low BC are in process (Table 1).[11]

A clinically important type of resistance is relevant to the 
brain microenvironment, in which there is a vascular struc-
ture known as blood-brain barrier (BBB) that can facilitate 
a formation of the CNS metastatic niche.[14] Unfortunately, 
HER2-positive BC spreads to the CNS, in approximately 
50% of patients, despite the use of standard therapy with 
anti-HER2 monoclonal antibodies (e.g., trastuzumab and 

pertuzumab).[14] In fact, a large size of monoclonal antibod-
ies is an obstacle to their penetration across the BBB.[14] In 
response to this challenge, some novel, capable of cross-
ing the BBB small molecules HER2 TKIs have been devel-
oped for treatment of HER2-positive brain metastasis. After 
some initial modest effects that have been shown with the 
use of the combination of TKI, lapatinib with capecitabine, 
more beneficial effects have been revealed with the use of 
another TKI, neratinib, combined with capecitabine (NALA 
trial, phase 3, NCT01808573) (Table 1).[15] Furthermore, a 
highly HER2-selective TKI, tucatinib, in combination with 
capecitabine and trastuzumab, based on the HER2CLIMB 
trial (phase 3, CT02614794), has shown relatively good ef-
ficacy for CNS metastases and an acceptable tolerability 
profile (e.g., due to its selectivity for HER2, there have been 
fewer EGFR-related toxic effects, like diarrhea and skin rash, 
which are common with other anti-HER TKIs) (Table 1).[5] 

Deciphering The PI3K/AKT/mTOR Signaling 
Code and Considering the use of mTOR 
Pathway Inhibitors 
The PI3K/AKT/mTOR intracellular signaling plays a key role 
in governing the cell growth, proliferation, migration and 
apoptosis. However, this pathway is often dysregulated 
in patients with BC, and in consequence, resistance (both 
primary and secondary) to HER2-targeted agents and en-
docrine therapies (ET) may develop.[16] For instance, acti-
vation of the PI3K/AKT/mTOR pathway has been linked to 
endocrine resistance and worse prognosis in certain sub-
groups of patients with BC. In addition, PIK3CA activating 
mutations are frequently present in BC and multiple efforts 
have been carried out to target these abnormalities.[16] 
For instance, based on the data from some recent phase 3 
studies, everolimus, which is a blocking agent of the mTOR 
pathway, has revealed beneficial effects in women with 
trastuzumab-resistant HER2-positive metastatic BC.[16]

In particular, BOLERO-1 (phase 3, NCT00876395) trial has 
evaluated the combination of everolimus, trastuzumab, 
and paclitaxel, as first-line treatment,[17] and BOLERO-3 
(phase 3, NCT01007942) trial has assessed whether the ad-
dition of everolimus to trastuzumab can restore sensitiv-
ity to trastuzumab (Table 1).[18] In the BOLERO-1, PFS was 
not significantly different between arms; however, it was 
prolonged with the addition of everolimus, in a group of 
women with HR-negative, HER2-positive advanced or 
metastatic BC.[17] According to the BOLERO-3 an addition 
of everolimus to trastuzumab plus vinorelbine significant-
ly prolongs PFS in patients with trastuzumab-resistant, 
taxane-pretreated women with HER2-positive, advanced 
or metastatic BC.[18] In essence, the findings of BOLERO-1 
and BOLERO-3 trials have shown that patients with PIK3CA 
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mutation, PTEN deletion, or PI3K pathway activation of 
HER2-positive BC (who had progressed on previous thera-
pies) can benefit from everolimus, in terms of longer PFS.
[17, 18] However, further investigation of mTOR inhibitors and 
their combinations with trastuzumab and CHT, focused on 
the evaluation of efficacy and safety in the metastatic BC 
setting are warranted. 

A Possible Role of New Generation of Tyrosine 
Kinase Inhibitors (TKIs) in Overcoming 
Resistance to HER2-Targeted Agents
Pyrotinib is an irreversible pan-HER kinase TKI.[19] Pyrotinib 
binds to ATP-binding sites in the intracellular kinase region 
of HER1, HER2, and HER4. This blocks both the formation of 
HER family homodimer and the activation of downstream 
signaling pathways. This, in turn, apprehends the tumor 
cell growth.[19] Pyrotinib has been reported to contribute to 
the remarkable progression-free survival (PFS) (up to 18.1 
months).[20] Recently, a phase 2 clinical study has compared 
combination of pyrotinib with capecitabine and lapatinib 
with capecitabine, for the treatment of the patients with 
advanced HER2-positive BC (who were previously treated 
or not treated with trastuzumab).[20] It has been reported 
that the ORR of patients in the pyrotinib arm was higher 
than that in the lapatinib arm, and the median PFS in the 
pyrotinib arm was significantly longer, (compared to the 
lapatinib arm (Table 1).[20] Poziotinib is a potent irreversible 
pan-HER kinase TKI that has been investigated in a single-
arm NOV120101-203 (phase 2, NCT02418689) trial, assess-
ing its efficacy and safety, among pretreated women with 
HER2-positive metastatic BC. According to findings of this 
study, median PFS was 4 months (Table 1).[21]

Advantages of Immune Checkpoint Inhibitors 
for Patients with HER2-Positive Metastatic BC  
Programmed death ligand 1 (PD-L1) is an immunoglobulin 
superfamily haplotype type I transmembrane glycoprotein 
(related to apoptosis) that is widely expressed on the sur-
face of lymphocytes, monocytes, macrophages, and many 
other cells.[22] Similarly, programmed cell death protein-1 
(PD-1), which is an inhibitory immune checkpoint that lim-
its T-cell effector functions within tissues, is expressed on 
the surfaces of immune effector cells (such as T-cells, B cells, 
natural killer (NK) cells, dendritic cells (DCs), and tumor in-
filtrating lymphocytes (TILs)).[22] Recently, some novel im-
munomodulatory agents, including immune checkpoints 
inhibitors, have shown promising effects in subgroups of 
women with metastatic BC.[22] Since ADCC represents a 
mechanism of action of mAbs (e.g., trastuzumab), the com-
bination of mAb and immune checkpoint inhibitor can 

augment therapeutic activity and combat acquired resis-
tance among women with HER-2 positive metastatic BC 
(pretreated with CHT and anti-HER2 mAbs).[22]

HER2-positive BCs often contain large amounts of TILs and 
anti-HER2 mAbs act synergistically with PD-L1 inhibitors.
[22] In particular, anti-PD-L1 antibodies (that inhibit PD-L1 
binding to PD-1) are capable of restoring antitumor immu-
nity. It should be noted that the resistance to trastuzumab 
in patients with HER2-positive BC have been mediated, to 
a large degree, by the immune reactions.[22] Based on the 
findings of PANACEA trial (phase 1b-2 NCT02129556), an 
addition of a PD-L1 inhibitor, pembrolizumab (an anti-PD-
L1 antibody), to trastuzumab (in trastuzumab-resistant, 
HER2-positive BC) has demonstrated clinical benefits and 
safety in the PD-L1-positive population of patients with 
HER2-positive metastatic BC (Table 1).[23]

Similarly, results from a phase 2 KATE2 trial (phase 2, 
NCT02924883) evaluating the efficacy and safety of T-DM1 
in combination with another PD-L1 inhibitor, atezolizum-
ab, or placebo, in previously treated women with HER2-
positive advanced BC, have revealed that although add-
ing atezolizumab to T-DM1 had not demonstrated a large 
PFS benefit in the intent to treat (ITT) population (8.2 vs. 
6.8 months), a more favorable PFS has been noted in the 
cases of PD-L1 positive and stromal TIL subgroups of pa-
tients.[24] Moreover, according to the KATE2 trial findings, 
a therapy with atezolizumab and T-DM1 in PD-L1-positive 
women has led to a possible OS benefit. However, due to 
the small sample and short follow-up period, further trials 
are needed to confirm these results.[24] At present, ongoing 
studies investigate a combination of immunotherapy and 
HER2-targeted therapy, focusing on the specific biomark-
ers (e.g., PD-L1) aiming at selection of the most appropriate 
patient candidates for such combination treatments.[22, 24]

Impact of Cyclin-Dependent Kinase (CDK)4/6 
Inhibitors on the Therapeutic Strategies in 
Patients with HER2-Positive Metastatic BC  
Cyclin-dependent kinase (CDK) 4/6 inhibitors are a new 
class of agents, which induce cell cycle arrest and can slow 
down malignant growth or prevent tumor progression.[25] 
In particular, the CDK 4/6 inhibitors block an activity of the 
cyclin D-CDK 4/6 holoenzyme, and stop cell cycle progres-
sion from the G1to the S phase.[25] An activity of CDK4/6 is 
regulated via different signaling pathways, including syn-
ergistic actions between HER2 and HR-related signaliza-
tion networks.[25] Moreover, it has been noted that CDK4/6 
inhibition can overcome acquired resistance to anti-HER2 
therapies.[25] Recently, CDK4/6 inhibitors, abemaciclib and 
palbociclib, have been explored in clinical trials, in combi-
nation with aromatase inhibitors (AIs) or with an ER down-
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regulator – fulvestrant in women with metastatic BC.[25]

For instance, abemaciclib, as is a selective CDK4/6 inhibi-
tor (more potent against CDK4 than CDK6), is approved for 
monotherapy after progression on ET and previous CHT in 
patients with metastatic BC.[26] Abemaciclib is also approved 
in combination with ET in an initial setting and after progres-
sion on ET with fulvestrant.[27] The use of CDK4/6 inhibitors 
has been investigated in combination with HER2-targeted 
therapy and ET, including patients with HER2-positive and 
ER-positive metastatic BC.[25, 28] In particular, the MonarcHER 
trial (phase 2, NCT02675231) has explored the role of abe-
maciclib with trastuzumab in women with pretreated meta-
static BC, and the PATINA trial (phase 2, NCT02947685) has 
investigated the benefits of adding palbociclib to trastu-
zumab, pertuzumab and an aromatase inhibitor (AI) (after 
an application of standard first-line therapy) in patients with 
HER2-positive metastatic BC (Table 1).[29, 30]

It should be underscored that Cyclin D1-CDK4 pathway can 
mediate resistance to HER2-targeted therapies. Notably, 
targeting resistant BC cells with CDK 4/6 inhibitors resen-
sitizes them to anti-HER2 therapy and postpones tumor 
recurrence in HER2-driven BCs.[25, 28] 

However, future trials are needed to precisely assess the ef-
ficacy and safety of combined HER2 and CDK4/6 inhibition 
in patients with HER2-positive BC. 

Conclusion
Although the use of HER2-targeted therapies has remark-
ably changed the outcomes of numerous patients with 
HER2-positive advanced or metastatic BC, the majority of 
such women may still experience malignant progression, 
arriving at the stage, in which there is no approved HER2-
targeted treatments that would control their malignancy. 
Fortunately, the rapid development of some innovative an-
ti-HER2 therapies, such as margetuximab (Fc-engineered 
region mAb), trastuzumab deruxtecan (very potent ADC), 
and tucatinib (highly selective TKI), is going to expand fu-
ture clinical horizons of effective therapies for patients with 
HER2-positive metastatic BC. 

The underlying mechanisms of resistance to anti-HER2 ther-
apies and compensatory communication pathways are very 
complex, and a wide spectrum of resistance modalities can 
coexist even within the single cell. In this aspect, combina-
tions of anti-HER2 treatments that act in concert with novel 
PI3K/AKT/mTOR inhibitors and CDK4/6 inhibitors may be 
considered as potential strategies to combat the acquired 
resistance to treatment. Moreover, it has been reported that 
some recently developed bispecific antibodies (monoclonal 
antibodies targeting two different epitopes) are able to con-
currently suppress multiple HER signaling pathways (includ-

ing the HER3). Since HER2-positive BC is characterized by 
some degree of immunogenicity (that can be augmented by 
the use of anti-HER2 mAbs), the combination of trastuzum-
ab and immunotherapy can also be considered, depending 
on the individual patient’s clinical context. In addition, the 
development of biomarkers of therapeutic efficacy is going 
to be crucial for a precise selection of the most appropriate 
candidates for the novel anti-HER2 therapies and monitor-
ing of their implementation among women suffering from 
HER2-positive metastatic BC. 

Many innovative treatment strategies have recently been 
investigated in clinical trials, adding some optimism to this 
challenging area. However, further research is certainly 
needed to fulfill these unmet needs. Furthermore, to ef-
fectively reshape the therapeutic landscape of metastatic 
BC, the multidisciplinary team collaboration, as well as a 
respectful acknowledgment of the patient’s

goals and preferences, need to be incorporated into the 
comprehensive care plan. Hopefully, these combined ef-
forts will help overcome treatment resistance and achieve 
better survival and QoL of the patients with HER2-positive 
metastatic BC. 
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