Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

Emerging Targeted Therapies for HER2-
Positive Breast Cancer

Subjects: Biochemistry & Molecular Biology
Contributor: Maria Florencia Mercogliano , Sofia Bruni , Florencia Luciana Mauro , Roxana Schillaci

HER2-positive (HER2+) breast cancer, which accounts for ~20% of breast cancer, is one of the more aggressive
and has the worst overall survival rate among them. These patients are treated with trastuzumab, a monoclonal
antibody targeting the HER2 molecule. Even though trastuzumab is an effective therapy, resistance events hamper

its clinical benefit, making the development of new therapies a constantly growing area of interest.

breast cancer HER2 therapies

| 1. Monoclonal and Bispecific Antibodies

In this section researchers summarized the different therapies directed to HER2 that are currently part of the
therapeutic landscape of HER2+ breast cancer such as monoclonal and bispecific antibodies, tyrosine kinase
inhibitors (TKI), antibody-drug conjugates (ADC) and their combination with anti-immune checkpoint inhibitors
(ICls). Researchers described the current first line of the standard of care treatment which is the combination of
trastuzumab, pertuzumab and taxanes, and the novel HER2-targeted antibodies directed to the same binding
epitopes as the already approved monoclonal antibodies or different ones to achieve therapeutic effectiveness

(margetuximab and 1E11).

Bispecific antibodies (BsAb) are antibodies that can bind two different antigens on the same or different molecule
and are classified into two groups: the ones that have two Fabs and a Fc region (trifunctional antibodies) and the
ones that do not have the latter. They exert their function through antibody-dependent cell phagocytosis (ADCP)
and antibody-dependent cell cytotoxicity (ADCC), complement dependent cytotoxicity, inhibition of signaling
pathways through interaction with membrane receptors and induction of apoptosis. The current state-of-the-art on
BsAbs has been extensively reviewed . Since several BsAbs have been developed and tested throughout the
years, in this section researchers will summarize those that target the HER2 molecule and have promising results
in preclinical or clinical trials (Table 1). Regarding the BsAbs, researchers mentioned HER2/HER2, HER2/HERS,
HER2/CD3 and HER2/CD16 BsAbs. Lastly, the main adverse events for bispecific antibodies consist of cytokine
release syndrome (CRS) of grades 3 and 4 28], which has been suggested to be avoided by retention of the Fc
portion of the antibodies. The development of BsAb is a rapidly growing field, which is reflected in the plethora of
antibodies being generated and tested in clinical and preclinical models. In the next few years, the ongoing clinical

trials will be completed and could change the management of HER2+ breast cancer patients in the clinic.

Table 1. Bispecific antibodies for HER2+ breast cancer in clinical trials.

https://encyclopedia.pub/entry/44220 1/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

Drug

MBS301

Zanidatamab
(ZW25)

KNO026

Clinical Trial
Identifier

NCT03842085

NCT02892123

NCT05035836

NCT04224272

NCT05027139

NCTO04881929

NCTO04521179
NCTO04040699

NCT04778982

In Combination with

Trastuzumabl/pertuzumab

Chemotherapy

Palbociclib and

fulvestrant

Anti-CD47

Chemotherapy

KNO046 (bispecific
antibody against PD-1
and CTLA-4)

Palbociclib and

fulvestrant

HER2/HER3

Population Reference
Malignant HER2- 4]
expressing solid tumors
HER2-expressing solid (56]

tumors

Early HER2+ breast
cancer

Advanced HER2+

breast cancer

Solid HER2+ tumors
including the HER2-low

breast cancer

HER2+ breast cancer

Locally advanced
HER2+ solid tumors [
and HER2+ solid tumor

Advanced breast cancer

https://encyclopedia.pub/entry/44220



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

HER2-low breast cancer
Trastuzumab and )
and metastatic HER2+

Zenocutuzumab chemotherapy or 5
NCT03321981 breast cancer that (8l
(MCLA-128) trastuzumab and
) ) progressed to T-DM1
vinorelbine
treatment
Advanced HER2
NCT01097460 Trastuzumab amplified and heregulin-
positive breast cancer
MM-111
Advanced, refractory
HER2 A\amplified and
NCT00911898

heregulin-positive

cancers

| 2. Antibody-Drug Conjugates

Another striking approach for the treatment of cancer in the last few years are the antibody-drug conjugates (ADC),
which take advantage of the specific targeting of monoclonal antibodies and combines it with drugs with potent
cytotoxic effects, achieving targeted drug delivery . The ADCs as a whole have a synergistic effect when
compared to their parts alone; this is mainly due to the bystander killing effect, in which the drug payload can exert
its effect not only on the target cells but also in the TME 29, |n addition, the ADCs have demonstrated that they are
effective even when the target protein is expressed in small amounts. In HER2+ breast cancer, trastuzumab-
emtansine (T-DM1) made its debut to revolutionize the field 11, and ADCs are being developed in hopes of better
treatment options. In this sense, ADCs have shown promising results against brain metastases 22 and in HER2-
low breast cancer 22, There are currently 14 FDA-approved ADCs for various cancers, with the target molecule,
conjugated drugs, and/or the linkers varying. Adverse events of ADCs account for 10-15% L4138l and the most
common are fatigue, neuropathies, leukopenia, thrombocytopenia, pneumonitis, interstitial lung disease, and
nausea [L8IL7I18] The preeminent trastuzumab-based ADCs used in the clinical setting and those that have shown

promising results in preclinical models are shown in Table 2.

Table 2. Current clinical trials of ADCs in HER2+ breast cancer.

Drug Payload Drug-to- Clinical Trial In Population Reference
Antibody Identifyer Combination
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Deruxtecan
T-DXd (topoisomerase
| inhibitor)

Trastuzumab- Duocarmycine
duocarmycine (DNA alkylating
(SYD985) agent)

Ratio

2.8

NCT04784715

NCT04538742

NCTO04538742,
NCT04539938

NCT04556773

NCT03262935

NCT01042379

(I-SPY)

NCT04602117
(ISPY-P1.01)

with

Pertuzumab

Durvalumab
(anti-PD-L1,)

Tucatinib

Durvalumab,
paclitaxel,
capivasertib,
anastrozole,
fulvestrant, or

capecitabine

Chemotherapy

Paclitaxel

HER2+ metastatic
breast cancer

HER2+ metastatic
breast cancer

HER2+ breast
cancer or HER2+
metastatic breast

cancer

HER2-low
advanced or
metastatic breast

cancer

HER2+ locally
advanced or
metastatic breast
cancer

Breast cancer

Metastatic cancer
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Amberstatin
269
(microtubule
inhibitor)

ARX788

Disitamab vedotin
(RC48) auristatin E
(microtubule

inhibitor)

Monomethyl

NCT04235101

NCT01042379

NCT04829604,
NCT02512237

NCT05041972

NCT05018676

NCT05018702

NCT03255070

NCT02881190

NCTO05134519

NCT04400695

Niraparib
(PARP
inhibitor)

Solid tumors

HER2+ breast

cancer

HER2+ metastatic

breast cancer

HER2-mutated or
HER2-amplified

tumors

HER2-low breast

cancer

Breast cancer
patients with brain

metastasis

HER2+ solid

tumors

Advanced or
metastatic HER2+

tumors

HER2+ breast

cancer

Locally advanced

or metastatic
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HER2-low breast
cancer

HER2-expression
metastatic breast
NCT05331326 cancer with
abnormal activation
of PAM pathway

Advanced breast
NCT03052634
cancer

Penpulimab HER2-low breast
(AK105) cancer

NCTO05726175

HER2+ metastatic
breast cancer with
NCT03500380 ] ]
or without liver

metastases

Relapsed/refractory
Duo-5 cancers
A166 (microtubule 2.8 NCT03602079 wxpressing HER2 22][23](24]
inhibitor) antigen or amplified
HER2 gene

MRGO002 Monomethyl =83 HER2+ advanced
o NCT05263869
auristatin E breast cancer

(microtubule
inhibitor)
HER2+ metastatic

NCT04924699
tumors

NCT04742153 HER2-low locally
advanced
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metastatic breast
cancer

Auristatin
Zanidatamab based Metastatic HER2+
] ] 2 NCT03821233
zovodotin (ZW49) (microtubule tumors
inhibitor)
Not Advanced HER2-
0
BDC-1001 TLR7/8 agonist NCTO04278144 Nivolumab expressing solid (25]
reported
tumors
Monomethyl
auristatin E HER2+ breast 26
ALT-P7 ) 2 NCT03281824 (26]
(microtubule cancer
inhibitor)
Auristatin Advanced HER2+
XMT-1522 derivative (AF- 12 NCT02952729 breast cancer 27]
HPA) patients
Derivative of HER2+ breast 28
PF-06804103 o 4 NCT03284723 (28]
auristatin cancer
Targeted thorium- Thorium-227
i ) Not Advanced HER2-
227 conjugates (cytotoxic NCTO04147819 )
reported expressing cancer

(TTCs)/BAY2701439

alpha radiation)

| 3. Tyrosine Kinase Inhibitors

TKls are a family of small molecules that inhibit protein tyrosine kinases, which are responsible for signal
transduction to regulate cellular, physiological, and biochemical processes. TKIs compete with ATP in tyrosine
kinase receptors’ ATP binding domain, inhibiting downstream signaling 2. In this sense, TKIs can inhibit cell

proliferation, migration, and invasion and induce apoptosis. Due to their size, TKIs can cross the blood-brain barrier
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more easily than other HER2-targeted therapies such as monoclonal antibodies or ADCs B9, Several TKIs that
target the HER2 family are currently approved for the treatment of cancer in combination with other therapies, and
this area is still being researched due to resistance events that impair their effectiveness and off-target toxicity

which usually implies diarrhea, rash, infections, and hepatic toxicity [E1132],

Lapatinib was the first FDA-approved TKI for the treatment of HER2+ and HER2-low breast cancer B3, |s a
reversible small molecule inhibitor of EGFR/HER1 and HER2 that blocks the phosphorylation of the receptors,
which inhibits the activation of the MAPK and PI3-K pathways and consequently inhibits cell proliferation 341,
Lapatinib showed penetration of the blood-brain barrier and exhibited a reduction in brain metastases, as it was
reported in the EGF105084 33, | ANDSCAPE 28l and CEREBEL [ clinical trials. In this regard, Khan et al.
reported intracranial activity of lapatinib and increased survival for HER2+ breast cancer patients with brain
metastases in a meta-analysis 28 Currently, lapatinib is FDA-approved for breast cancer treatment in combination
with letrozole or capecitabine in hormone receptor positive and HER2+ breast cancer, or with capecitabine or with
trastuzumab for receptor positive and HER2+ postmenopausal patients, in which case an increase in PFS was
observed but no benefit in overall survival 2. Lapatinib is not currently approved for its use in the neoadjuvant

setting.

Neratinib is an irreversible pan-HER inhibitor that not only has a greater effect than lapatinib but also can increase
trastuzumab-mediated ADCC [401411[42143]  preclinical studies showed that neratinib induces cell cycle arrest and
proliferation inhibition in HER2-expressing cells 441, In the exteNET clinical trial, neratinib showed a 73% rate of
response in patients with HER2+ metastatic breast cancer previously treated with adjuvant or neoadjuvant
trastuzumab, but on the other hand, it exhibited high toxicity, which led to dose reduction and treatment of the
adverse events diarrhea 431146147]148] \wWhen tested in patients with early HER2+ breast cancer, the results were as
promising as for the advanced cases, since neratinib showed an improvement in disease-free survival 42,
Neratinib in combination with lapatinib showed better tolerability and effectiveness than lapatinib alone B9,
Neratinib is currently being tested in combination with other therapies such as T-DM1 (NCT02236000) 21 and
fulvestrant (NCT03289039) (3253 Regarding brain metastases, neratinib showed a reduced incidence of central
nervous system events 4531581 Gjven these clinical trial results, adjuvant neratinib was FDA-approved in 2017 for
patients with HER2+ breast cancer who were previously treated with adjuvant trastuzumab for one year, and it is
also administered in combination with capecitabine since 2020 for patients who received at least two previous anti-
HER2 treatments 27,

Tucatinib is a selective HER2 TKI with reduced inhibition on EGFR that exhibited antitumor activity in breast and
gastric tumors in preclinical models administered as a monotherapy B8l or in combination with trastuzumab in
HER2+ breast cancer xenograft models B9, These results led to the development of a phase 1 clinical trial
(HER2CLIMB and NCT02614794) to test tucatinib in combination with trastuzumab and capecitabine, which
showed great antitumor effect in metastatic breast cancer with the only adverse events being diarrhea, nausea,
and palmo-plantar erythrodysesthesia [6%. Given the results of the phase 3 HER2CLIMB 81l trial, tucatinib was
approved by the FDA in 2020 to treat patients with metastatic HER+ breast cancer. Tucatinib also showed

improved efficacy in reducing brain metastasis 62831, Considering these results, tucatinib is the first TKI that was
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approved by the FDA for the treatment of brain metastases. Due to the promising results of tucatinib, there are
several clinical trials exploring the effect of the combination of tucatinib with T-DM1 (NCT04457596,
NCT03975647, NCT01983501, and NCT05323955), with T-DXd (NCT04539938 and NCT04538742), and with
CDK4/6 inhibitors (NCT03054363) in HER2+ breast cancer patients.

The TKIs that are currently being used in the clinic and those that have been successful in preclinical or clinical
trials and could offer therapeutic alternatives are shown in Table 3.

Table 3. Current clinical trials of selected TKIls in HER2+ breast cancer.

In
L o Clinical Trial .
Drug Description Combination ] Population Reference
. Identifyer
with
NCT04457596,
Selective and DML NCT03975647, HER2+ breast
e MERE NCT01983501, cancer
Tucatinib inhibitor with NCT05323955
minimal inhibition
of EGFR/HER1 NCT04539938, HER2+ breast
T-DXd
NCT04538742 cancer
HER2+ metastatic
NCT01937689 [64]
breast cancer
o Irreversible pan-
Pyrotinib o
HER inhibitor
o HER2+ metastatic 65
Capecitabine NCT02361112 [65]
breast cancer
o Irreversible pan- HER2+ breast
Poziotinib S T-DM1 NCT03429101
HER inhibitor cancer
Epertinib (S- Reversible pan-
. ( _ _'_O 2013-003894-87 HER2+ tumors [661[E7][68]
222611) HER inhibitor
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Trastuzumab
Selective HER2 and
inhibitor

Metastatic HER2+ .
NCT04509596 [69]
breast cancer

DzD1516 o
capecitabine

or T-DM1

4. HER2-Targeted Therapies in Combination with
Immunotherapy

Despite the efforts for developing new strategies against the HER2 molecule, there are still a 20% of the patients
with local disease who experience de novo or acquired resistance to the HER2-targeted therapies 9. In particular,
the in vivo mechanism of action of trastuzumab and trastuzumab-based therapies relies on the innate and adaptive
immune response. ADCC and ADCP, mainly performed by NK cells and macrophages, respectively, trigger an
innate immune response that promotes antigen presentation and the subsequent adaptive immune response 472l
(23741 This evidence and preclinical data point out that using ICI enhances the trastuzumab antitumor effect,
providing the rational basis for the combination of ICI with HER2-targeted therapies to overcome therapy
resistance 2. The combination of ICIs and HER2-targeted therapies that were or are being tested in the clinical
setting are listed in Table 4.

Table 4. Clinical trials combining immunotherapies with HER2-targeted therapies.

Type of No.
ID s Status
Study

Population Treatment

Patients

Pembrolizumab (anti PD-1 antibody)

Metastatic HER2+
Pembrolizumab

NCT02129556 Phase 1/2 breast cancer,
PANACEA Single arm Completed > trastuzumab- with trasmtsu zumab
resistant
NCTO03747120 Phase 2 Recruiting 174 Naive patients with Neoadjuvant
open-label, invasive human trastuzumab,
randomized HER2+ breast pertuzumab, and

cancer whose

primary tumors are >

paclitaxel Arm A:
trastuzumab +

pertuzumab +
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NCT03032107

NCTO04789096
TUGETHER

NCT04660929

NCT05020860
I-SPY trial

NCT03272334
Breast-47

Phase 1b

Two arms,

phase 2

Phase 1,

open label

Phase 2,

open label

Phase 1/2

Active, not

recruiting

Not yet

recruiting

Recruiting

Not yet

recruiting

Recruiting

2 cm and/or clinically

lymph node-positive

Metastatic HER2+

breast cancer

27

Women or men with
HER2+, metastatic
breast cancer, who

have progressed
since previous

treatment

HER2+ recurrent or
48 metastatic solid

tumors

Early HER2+ breast

cancer

185

33 Metastatic HER2+

breast cancer

paclitaxel, Arm B:
trastuzumab +
pertuzumab +

paclitaxel+
pembrolizumab or
Arm C:
trastuzumab +
pembrolizumab +

paclitaxel 2,

Pembrolizumab +
T-DM1

Pembrolizumab +
tucatinib +
trastuzumab (PD-
L1+) or
Pembrolizumab +
tucatinib +
trastuzumab +
capecitabine (PD-
L1-)

Anti-HER2 CAR
macrophages +

pembrolizumab

Neoadjuvant
paclitaxel +
trastuzumab +
pertuzumab in
combination with

pembrolizumab

Pembrolizumab

administered in
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NCT02924883
KATE2

NCTO04740918
KATE3

NCT03726879
IMpassion050

Atezolizumab (anti-PD-L1 antibody)

Locally advaced or

Phase 2, .
) Completed 133 metastatic HER2+
double blind
breast cancer
Locally advanced or
metastatic HER2+
and PD-L1+ breast
cancer who have
Phase 3, N ] )
) Recruiting 320 received prior
doble blind
trastuzumab- (+/-
pertuzumab) and
taxane-based
therapies
Phase 3, Active, not 454 High-risk early
doble blind recruiting HER2+ breast

cancer

combination with
HER2 and CD3
bispecific antibody
armed activated T
cell (BATs)

infusions

Atezolizumab and
trastuzumab-
emtansine (T-

DM1) Arm 1: T-
DM1 +
atezolizumab, Arm
2: T-DM1 +
placebo 8

Atezolizumab and
T-DM1 Arm A: T-
DM1 + placebo,
Arm B: T-DM1 +

atezolizumab

Atezolizumab or
placebo in
combination with
neoadjuvant
doxorubicin +
cyclophosphamide
followed by
paclitaxel +

trastuzumab +
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NCTO04873362

Astefania

NCT02605915

NCT03417544

Phase 3,
doble blind

Phase 1,

open label

Phase 2

Recruiting

Completed

Active, not

recruiting

High risk HER2+

breast cancer

1700 )
following
preoperative therapy
o HER2+ and HER2-
breast cancer
33 Central nervous

system metastases

in patients with

pertuzumab
(ddAC-PacHP)
Arm 1:
Atezolizumab +
ddAC-PacHP. Arm
2: placebo +
ddAC-PacHP 2

Adjuvant
atezolizumab or
placebo and T-

DM1. Arm A:
placebo + T-DM1.
Arm B:

Atezolizumab + T-
DM1 [8d

Atezolizumab + T-
DM1 or with
trastuzumab and
pertuzumab (with
and without
docetaxel) in
patients with
HER2+ breast
cancer and
atezolizumab +
doxorubicin and
cyclophosphamide
in HER2- breast

cancer

Atezolizumab +
pertuzumab +
high-dose
trastuzumab
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HER2+ breast

cancer

Arm |: pertuzumab
+ trastuzumab +

o ) taxane therapy +
] First-line metastatic ]
Phase 3, Active, not atezolizumab. Arm
NCT03199885 ] N 600 HER2+ breast
doble blind recruiting II: pertuzumab +
cancer
trastuzumab +

taxane therapy +

placebo

Advanced/metastatic Atezolizumab +

NCT04759248 Phase 2, N
Recruiting 110 HER2+ breast trastuzumab +
ATREZZO open label . )
cancer vinorelbine
Arm
1:Trastuzumab +
pertuzumab +
carboplatin +
) ) paclitaxel (HPCT).
Early high-risk and
) Arm 2:
NCT03595592 Phase 3, Active, not locally advanced o
N 650 Doxorubicin +
APTneo open label recruiting HER2+ breast )
cyclophosphamide
cancer
(AC) followed by
HPCT +
atezolizumab, Arm
3: HPCT +
atezolizumab
Durvalumab (anti PD-L1 antibody)
NCT02649686 Phase 1, Completed 15 Metastatic HER2+ Durvalumab +
CCTG IND.229 open label breast cancer trastuzumab (81
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NCT04538742
DB-07

NCTO01772004
JAVELIN solid

tumor

NCT03414658

AVIATOR

NCTO04307329
MIMOSA

Phase 1b/2,

open label

Phase 1,

open label

Phase 2,

open label

Phase 2,
open label

receiving

trastuzumab

Metastatic HER2+

Recruiting 450
breast cancer

Avelumab (anti PD-L1 antibody)

Metastatic or locally

Completed 1756 advaced solid
tumors
- Advanced HER2+
Recruiting 100

breast cancer

Monalizumab (anti-NKG2A antibody)

Metastatic HER2+

breast cancer

Active, not
N 38
recruiting

Trastuzumab
Deruxtecan (T-
DXd) in
Combination With
Other Anti-cancer

Agents

Avelumab
monotherapy to
26 HER2+ breast
cancer (82

Trastuzumab +
vinorelbine with
avelumab or
avelumab +
utomilumab (anti
CD137)

Molalizumab +
trastuzumab in
cohort of low TILS
(< 5%) or cohort of

high TILS (= 5%)
[83]

IMM2902 (HER2/SIRPa Bispecific mAb-Trap Antibody-receptor Fusion Protein)
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Phase 1, N Advanced solid IMM2902, dose
NCT05076591 Recruiting 135 )
open label tumors HER2+ escalation

Utomilumab (anti-CD137 antibody)

Trastuzumab +
vinorelbine with
NCT03414658 Phase 2, Advanced HER2+ avelumab or

Recruiting 100
AVIATOR open label breast cancer avelumab +

utomilumab (anti
CD137)

Utomilumab + T-
Phase 1, Advanced HER2+
NCT03364348 Completed 18 DM1 or
open label breast cancer
trastuzumab

The full research also addresses the combination of ICls and BsAb, the enhancement of ADCP, ADCC or the
adaptive immune response through immunotherapy in combination with HER2-targeted therapies, cell therapies
(such as CAR-T, CAR-M or CAR-NK), anti-cancer vaccines and exosome-based therapies for the treatment of

HER2+ or HER2-low breast cancer.

| 5. Conclusions

Since the description of the HER2 receptor as a biomarker and an attractive therapeutic target for HER2+ breast
cancer, several drugs have been developed, with trastuzumab dominating the treatment landscape for this breast
cancer subtype. However, resistance events impair the clinical benefit, indicating that the development of novel
HER2-targeted therapies is not only desirable but also required. In this sense, there are more than 2000 clinical
trials registered to date to evaluate new HER2-targeted therapies. Along with drug development, new tools, such
as single-cell sequencing, theranostics, spatial transcriptomics, and proteomics, have been developed in tandem
with the technological advances. The HER2+ landscape treatment can count on multiple HER2-targeting
monoclonal antibodies, HER2-targeted ADCs, which have proven to be promising in the clinical setting; for
example, T-DXd became the second line of treatment for HER2+ breast cancer patients. Several new TKIs have
been developed and tested, among others, that have improved the management of HER2+ breast cancer patients
and will change clinical practice. One of the main complications in cancer is the establishment of metastasis, and in
this sense, some of the therapies mentioned in this research have shown to be effective in the metastatic setting.

All the above-mentioned initiatives encourage the scientific community to collaborate on the development of new
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HER2-targeted therapies and clinical trials testing different treatment combinations that could overcome tumor
progression or even metastasis. The importance of discovering new biomarkers that can predict therapy response
must be emphasized in this regard, as this will allow researchers to determine which patients will benefit from

which therapies or combination treatments offer them the best treatment option.

References

1. Liguori, L.; Polcaro, G.; Nigro, A.; Conti, V.; Sellitto, C.; Perri, F.; Ottaiano, A.; Cascella, M.; Zeppa,
P.; Caputo, A.; et al.et al. Bispecific Antibodies: A Novel Approach for the Treatment of Solid
Tumors. Pharmaceutics 2022, 14, 2442.

2. Wu, Y,; Yi, M.; Zhu, S.; Wang, H.; Wu, K. Recent Advances and Challenges of Bispecific
Antibodies in Solid Tumors. Exp. Hematol. Oncol. 2021, 10, 56.

3. Teachey DT, Rheingold SR, Maude SL; et al. . Blood 2013, 121, 5154-5157. Cytokine Release
Syndrome after Blinatumomab Treatment Related to Abnormal Macrophage Activation and
Ameliorated with Cytokine-Directed Therapy. Blood 2016, 128 , 1441.

4. Huang, S.; Li, F; Liu, H.; Ye, P.,; Fan, X.; Yuan, X.; Wu, Z.; Chen, J.; Jin, C.; Shen, B.; et al.et al.
Structural and Functional Characterization of MBS301, an Afucosylated Bispecific Anti-HER2
Antibody. MAbs 2018, 10, 864-875.

5. Meric-Bernstam, F.; Hanna, D.; Beeram, M.; Lee, K.-W.; Kang, Y.-K.; Chaves, J.; Lee, J.;
Goodwin, R.; Vaklavas, C.; Oh, D.-Y.; et al.et al. Safety, Anti-Tumour Activity, and Biomarker
Results of the HER2-Targeted Bispecific Antibody ZW25 in HER2-Expressing Solid Tumours.
Ann. Oncol. 2019, 30, v167—v168.

6. Bedard, P.L.; Im, S.-A.; Elimova, E.; Rha, S.Y.; Goodwin, R.; Ferrario, C.; Lee, K.-W.; Hanna, D.;
Meric-Bernstam, F.; Mayordomo, J.; et al.et al. Abstract P2-13-07: Zanidatamab (ZW25), a HER2-
Targeted Bispecific Antibody, in Combination with Chemotherapy (chemo) for HER2-Positive
Breast Cancer (BC): Results from a Phase 1 Study. Cancer Res. 2022, 82, P2—-P13.

7. Gong, J.; Dong, Z.; Liu, D.; Xu, J.; Yang, J.; Yang, Y.; Qi, Y.; Men, J.; Kong, P.; Xu, T.; et al.et al.
339 Preliminary Safety, Tolerability and Efficacy Results of KN026 (a HER2-Targeted Bispecific
Antibody) in Combination with KN046 (an Anti-PD-L1/CTLA-4 Bispecific Antibody) in Patients (pts)
with HER2 Aberrated Solid Tumors.. Regul. Young Investig. Award. Abstr. 2020, 8, -.

8. Hamilton, E.P.; Petit, T.; Pistilli, B.; Goncalves, A.; Ferreira, A.A.; Dalenc, F.; Cardoso, F.; Mita,
M.M.; Dezentjé, V.O.; Manso, L.; et al.et al. Clinical Activity of MCLA-128 (zenocutuzumab),
Trastuzumab, and Vinorelbine in HER2 Amplified Metastatic Breast Cancer (MBC) Patients (pts)
Who Had Progressed on Anti-HER2 ADCs. J. Clin. Oncol. 2020, 38 , 3093—-3093.

https://encyclopedia.pub/entry/44220 17/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Thomas, A.; Teicher, B.A.; Hassan, R. Antibody—drug Conjugates for Cancer Therapy. Lancet

Oncol. 2016, 17, e254—e262.

Fu, Z.; Li, S.; Han, S.; Shi, C.; Zhang, Y. Antibody Drug Conjugate: The “biological Missile” for
Targeted Cancer Therapy. Signal Transduct. Target. Ther. 2022 , 7 , 93.

Amiri-Kordestani, L.; Blumenthal, G.M.; Xu, Q.C.; Zhang, L.; Tang, S.W.; Ha, L.; Weinberg, W.C.;
Chi, B.; Candau-Chacon, R.; Hughes, P.; et al.et al. FDA Approval: Ado-Trastuzumab Emtansine
for the Treatment of Patients with HER2-Positive Metastatic Breast Cancer. . Clin. Cancer Res.
2014, 20, 4436-4441.

Wang, Y.; Xu, H.; Han, Y.; Wu, Y.; Wang, J. Comparative Efficacy of Tyrosine Kinase Inhibitors
and Antibody-Drug Conjugates in HER2-Positive Metastatic Breast Cancer Patients with Brain
Metastases: A Systematic Review and Network Meta-Analysis. Cancers 2022, 14, 3372.

Li, L.; Zhang, D.; Liu, B.; Lv, D.; Zhai, J.; Guan, X.; Yi, Z.; Ma, F. Antibody-Drug Conjugates in
HER2-Positive Breast Cancer. Chin. Med. J. 2021, 135, 261-267.

Verma, S.; Miles, D.; Gianni, L.; Krop, I.E.; Welslau, M.; Baselga, J.; Pegram, M.; Oh, D.-Y.;
Diéras, V.; Guardino, E.; et al.et al. Trastuzumab Emtansine for HER2-Positive Advanced Breast
Cancer. N. Engl. J. Med. 2012, 367, 1783—-1791.

Modi, S.; Saura, C.; Yamashita, T.; Park, Y.H.; Kim, S.-B.; Tamura, K.; Andre, F.; lwata, H.; Ito, Y.;
Tsurutani, J.; et al.et al. Trastuzumab Deruxtecan in Previously Treated HER2-Positive Breast
Cancer. N. Engl. J. Med. 2020, 382 , 610-621.

van der Lee, M.M.C.; Groothuis, P.G.; Ubink, R.; van der Vleuten, M.A.J.; van Achterberg, T.A.;
Loosveld, E.M.; Damming, D.; Jacobs, D.C.H.; Rouwette, M.; Egging, D.F.; et al.et al. The
Preclinical Profile of the Duocarmycin-Based HER2-Targeting ADC SYD985 Predicts for Clinical
Benefit in Low HER2-Expressing Breast Cancers. Mol. Cancer Ther. 2015, 14, 692—703.

Banerji, U.; van Herpen, C.M.L.; Saura, C.; Thistlethwaite, F.; Lord, S.; Moreno, V.; Macpherson,
I.R.; Boni, V.; Rolfo, C.; de Vries, E.G.E.; et al.et al. Trastuzumab Duocarmazine in Locally
Advanced and Metastatic Solid Tumours and HER2-Expressing Breast Cancer: A Phase 1 Dose-
Escalation and Dose-Expansion Study. Lancet Oncol. 2019, 20, 1124-1135.

Saura, C.; Thistlethwaite, F.; Banerji, U.; Lord, S.; Moreno, V.; MacPherson, I.; Boni, V.; Rolfo,
C.D.; de Vries, E.G.E.; Van Herpen, C.M.L.; et al.et al. A Phase | Expansion Cohorts Study of
SYD985 in Heavily Pretreated Patients with HER2-Positive or HER2-Low Metastatic Breast
Cancer. J. Clin. Oncol. 2018, 36, 1014-1014.

Modi, S.; Tsurutani, J.; Tamura, K.; Park, H.; Sagara, Y.; Murthy, R.; lwata, H.; Krop, I.E.; Doi, T.;
Redfern, C.; et al.et al. Abstract P6-17-02: Trastuzumab Deruxtecan (DS-8201a) in Subjects with
HER2-Low Expressing Breast Cancer: Updated Results of a Large Phase 1 Study. Cancer Res.
2019, 79, P6-P17.

https://encyclopedia.pub/entry/44220 18/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Manich, C.S.; Saura Manich, C.; O’'Shaughnessy, J.; Aftimos, P.G.; van den Tweel, E.; Oesterholt,
M.; Escriva-de-Romani, S.I.; Quenel Tueux, N.; Tan, T.J.; Lim, J.S.; et al.et al. LBA15 Primary
Outcome of the Phase Ill SYD985.002/TULIP Trial Comparing [vic-]trastuzumab Duocarmazine to
Physician’s Choice Treatment in Patients with Pre-Treated HER2-Positive Locally Advanced or
Metastatic Breast Cancer. Ann. Oncol. 2021, 32, S1288.

Xu, B.; Wang, J.; Fang, J.; Chen, X.; Han, Y,; Li, Q.; Zhang, P.; Yuan, P.; Ma, F.; Luo, Y.; et al.et al.
Abstract PD4-06: Early Clinical Development of RC48-ADC in Patients with HER2 Positive
Metastatic Breast Cancer. Cancer Res. 2020, 80, PD4—-PDO06.

Hu, X.; Zhang, J.; Liu, R.; Gao, S.; Qing, Y.; Yi, S.; Yuan, J.; Chen, H.; Fan, B.; Zheng, H.; et al.et
al. Phase | Study of A166 in Patients with HER2-Expressing Locally Advanced or Metastatic Solid
Tumors. J. Clin. Oncol. 2021, 39, 1024-1024.

Hu, X.; Zhang, J.; Liu, R.; Gao, S.; Wu, J.; Wang, Y.; Hao, Y.; Ge, J.; Qing, Y.; Yi, S.; et al.et al.
Updated Results and Biomarker Analyses from the Phase | Trial of A166 in Patients with HER2-
Expressing Locally Advanced or Metastatic Solid Tumors. J. Clin. Oncol. 2022, 40, 1037-1037.

Liu, Y.; Lian, W.; Zhao, X.; Qi, W.; Xu, J.; Xiao, L.; Qing, Y.; Xue, T.; Wang, J. A First in-Human
Study of A166 in Patients with Locally Advanced/metastatic Solid Tumors Which Are HER2-
Positive or HER2-Amplified Who Did Not Respond or Stopped Responding to Approved
Therapies. J. Clin. Oncol. 2020, 38, 1049-1049.

Dumbrava, E.l.; Sharma, M.R.; Carvajal, R.D.; Catenacci, D.; Emens, L.A.; Gadgeel, S.M.;
Hanna, G.J.; Juric, D.; Kang, Y.-K.; Lee, J.; et al.et al. Abstract OT-03-02: Phase 1/2 Study of a
Novel HER2 Targeting TLR7/8 Immune-Stimulating Antibody Conjugate (ISAC), BDC-1001, as a
Single Agent and in Combination with an Immune Checkpoint Inhibitor in Patients with Advanced
HER2-Expressing Solid Tumors. Cancer Research 2021, 81, OT — 03.

Park, Y.H.; Ahn, H.K.; Kim, J.-Y.; Ahn, J.S.; Im, Y.-H.; Kim, S.-H.; Lee, S.; Chung, H.-S.; Park, S.J.
First-in-Human Phase | Study of ALT-P7, a HER2-Targeting Antibody-Drug Conjugate in Patients
with HER2-Positive Advanced Breast Cancer. Journal of Clinical Oncology 2020, 38, 3551-3551.

Hamilton, E.P.; Barve, M.A.; Bardia, A.; Beeram, M.; Bendell, J.C.; Mosher, R.; Hailman, E.;
Bergstrom, D.A.; Burris, H.A.; Soliman, H.H.; et al. Phase 1 Dose Escalation of XMT-1522, a
Novel HER2-Targeting Antibody-Drug Conjugate (ADC), in Patients (pts) with HER2-Expressing
Breast, Lung and Gastric Tumors. Journal of Clinical Oncology 2018, 36, 2546—2546.

Meric-Bernstam, F.; Calvo, E.; Moreno, V.; Chung, H.C.; Park, Y.H.; Bang, Y.-J.; Rosen, L.S.; Mita,
M.M.; Garrido-Laguna, I.; Leung, A.C.F.; et al.et al. A Phase | Dose Escalation Study Evaluating
the Safety and Tolerability of a Novel Anti-HER2 Antibody-Drug Conjugate (PF-06804103) in
Patients with HER2-Positive Solid Tumors. Journal of Clinical Oncology 2020, 38, 1039-1039.

Schroeder, R.L.; Stevens, C.L.; Sridhar, J. Small Molecule Tyrosine Kinase Inhibitors of
ErbB2/HER2/Neu in the Treatment of Aggressive Breast Cancer. . Molecules 2014, 19, 15196—

https://encyclopedia.pub/entry/44220 19/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

30.

31.

32.

33.

34.

35.

36.

37.

15212, 10.3390/molecules190915196.

Rios-Luci, C.; Diaz-Rodriguez, E.; Gandullo-Sanchez, L.; Diaz-Gil, L.; Ocafia, A.; Pandiella, A.
Adaptive Resistance to Trastuzumab Impairs Response to Neratinib and Lapatinib through
Deregulation of Cell Death Mechanisms. Cancer Lett. 2020, , 470, 161-169, 10.1016/j.canlet.201
9.11.026.

Piccart-Gebhart, M.; Holmes, E.; Baselga, J.; de Azambuja, E.; Dueck, A.C.; Viale, G.; Zujewski,
J.A.; Goldhirsch, A.; Armour, A.; Pritchard, K.I.; et al.et al. Adjuvant Lapatinib and Trastuzumab for
Early Human Epidermal Growth Factor Receptor 2—Positive Breast Cancer: Results From the
Randomized Phase Il Adjuvant Lapatinib And/or Trastuzumab Treatment Optimization Trial.
Journal of Clinical Oncology 2016, 34, 1034—1042.

Chen, Z.-L.; Shen, Y.; Li, S.; Lv, M.; Yang, J.; Zhang, L.-X; Li, C.-L.; Lin, Y.-Y.; Yang, J.; Wang, X.
.; et al. The Efficiency and Safety of Trastuzumab and Lapatinib Added to Neoadjuvant
Chemotherapy in Her2-Positive Breast Cancer Patients: A Randomized Meta-Analysis.
OncoTargets and Therapy 2016, 9, 3233.

Scaltriti, M.; Verma, C.; Guzman, M.; Jimenez, J.; Parra, J.L.; Pedersen, K.; Smith, D.J.; Landolfi,
S.; Ramony Cajal, S.; Arribas, J.; et al.et al. Lapatinib, a HER2 Tyrosine Kinase Inhibitor, Induces
Stabilization and Accumulation of HER2 and Potentiates Trastuzumab-Dependent Cell
Cytotoxicity. Oncogene 2009, 28, 2009, 28, 803-814, 10.1038/onc.2008.432.

Xia, W.; Mullin, R.J.; Keith, B.R.; Liu, L.-H.; Ma, H.; Rusnak, D.W.; Owens, G.; Alligood, K.J.;
Spector, N.L. Anti-Tumor Activity of GW572016: A Dual Tyrosine Kinase Inhibitor Blocks EGF
Activation of EGFR/erbB2 and Downstream Erk1/2 and AKT Pathways. . Oncogene 2002, 21,
6255—-6263, 10.1038/sj.0nc.1205794..

Lin, N.U.; Diéras, V.; Paul, D.; Lossignol, D.; Christodoulou, C.; Stemmler, H.-J.; Roché, H.; Liu,
M.C.; Greil, R.; Ciruelos, E.; et al.et al. Multicenter Phase Il Study of Lapatinib in Patients with
Brain Metastases from HER2-Positive Breast Cancer. Clin. Cancer Res. 2009, 15, 1452-1459, 1
0.1158/1078-0432.CCR-08-1080.

Bachelot, T.; Romieu, G.; Campone, M.; Diéras, V.; Cropet, C.; Dalenc, F.; Jimenez, M.; Le Rhun,
E.; Pierga, J.-Y.; Gongalves, A.; et al.et al. Lapatinib plus Capecitabine in Patients with Previously
Untreated Brain Metastases from HER2-Positive Metastatic Breast Cancer (LANDSCAPE): A

Single-Group Phase 2 Study. . Lancet Oncol. 2013, 14, 64—71, 10.1016/S1470-2045(12)70432-1.

Pivot, X.; Manikhas, A.; Zurawski, B.; Chmielowska, E.; Karaszewska, B.; Allerton, R.; Chan, S.;
Fabi, A.; Bidoli, P.; Gori, S.; et al.et al. CEREBEL (EGF111438): A Phase Ill, Randomized, Open-
Label Study of Lapatinib Plus Capecitabine Versus Trastuzumab Plus Capecitabine in Patients
With Human Epidermal Growth Factor Receptor 2-Positive Metastatic Breast Cancer. J. Clin.
Oncol. 2015, 33, 1564-1573, 10.1200/JC0.2014.57.1794..

https://encyclopedia.pub/entry/44220 20/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

38.

39.

40.

41.

42.

43.

44.

45.

46.

Khan, M.; Zhao, Z.; Arooj, S.; Zheng, T.; Liao, G. Lapatinib Plus Local Radiation Therapy for Brain
Metastases From HER-2 Positive Breast Cancer Patients and Role of Trastuzumab: A Systematic
Review and Meta-Analysis. Front. Oncol. 2020, 10, 576926, 10.3389/fonc.2020.576926..

Blackwell, K.L.; Burstein, H.J.; Storniolo, A.M.; Rugo, H.; Sledge, G.; Koehler, M.; Ellis, C.; Casey,
M.; Vukelja, S.; Bischoff, J.; et al.et al. Randomized Study of Lapatinib Alone or in Combination
With Trastuzumab in Women With ErbB2-Positive, Trastuzumab-Refractory Metastatic Breast
Cancer. Journal of Clinical Oncology 2010, 28, 1124-1130.

Collins, D.M.; Conlon, N.T.; Kannan, S.; Verma, C.S.; Eli, L.D.; Lalani, A.S.; Crown, J. Preclinical
Characteristics of the Irreversible Pan-HER Kinase Inhibitor Neratinib Compared with Lapatinib:
Implications for the Treatment of HER2-Positive and HER2-Mutated Breast Cancer. Cancers
2019, 11, 737.

Collins, D.M.; Gately, K.; Hughes, C.; Edwards, C.; Davies, A.; Madden, S.F.; O'Byrne, K.J.;
O’Donovan, N.; Crown, J. Tyrosine Kinase Inhibitors as Modulators of Trastuzumab-Mediated
Antibody-Dependent Cell-Mediated Cytotoxicity in Breast Cancer Cell Lines. Cell. Immunol. 2017,
319, 3542, 10.1016/j.cellimm.2017.07.005.

Dai, M.S.; Feng, Y.H.; Chen, S.W.; Masuda, N.; Yau, T.; Chen, S.T.; Lu, Y.S.; Yap, Y.S.; Ang,
P.C.S.; Chu, S.C.; et al.et al. Analysis of the Pan-Asian Subgroup of Patients in the NALA Trial: A
Randomized Phase Ill NALA Trial Comparing Neratinib+capecitabine (N+C) vs
Lapatinib+capecitabine (L+C) in Patients with HER2+metastatic Breast Cancer (mBC) Previously
Treated with Two or More HER2-Directed Regimens. Breast Cancer Res. Treat. 2021, 189, 665—
676, 10.1007/s10549-021-06313-5.

Segovia-Mendoza, M.; Gonzalez-Gonzalez, M.E.; Barrera, D.; Diaz, L.; Garcia-Becerra, R.
Efficacy and Mechanism of Action of the Tyrosine Kinase Inhibitors Gefitinib, Lapatinib and
Neratinib in the Treatment of HER2-Positive Breast Cancer: Preclinical and Clinical Evidence.
Am. J. Cancer Res. 2015, 5, 2531-2561.

Rabindran, S.K.; Discafani, C.M.; Rosfjord, E.C.; Baxter, M.; Brawner Floyd, M.; Golas, J.; Hallett,
W.A.; Johnson, B.D.; Nilakantan, R.; Overbeek, E.; et al.et al. Antitumor Activity of HKI-272, an
Orally Active, Irreversible Inhibitor of the HER-2 Tyrosine Kinase. Cancer Research 2004, 64,
3958-3965.

Chow, L.W.-C.; Xu, B.; Gupta, S.; Freyman, A.; Zhao, Y.; Abbas, R.; Vo Van, M.-L.; Bondarenko, I.
Combination Neratinib (HKI-272) and Paclitaxel Therapy in Patients with HER2-Positive
Metastatic Breast Cancer. Br. J. Cancer 2013, 108, 1985-1993, 10.1038/bjc.2013.178.

Chan, A.; Delaloge, S.; Holmes, F.A.; Moy, B.; lwata, H.; Harvey, V.J.; Robert, N.J.; Silovski, T.;
Gokmen, E.; von Minckwitz, G.; et al.et al. Neratinib after Trastuzumab-Based Adjuvant Therapy
in Patients with HER2-Positive Breast Cancer (ExteNET): A Multicentre, Randomised, Double-

https://encyclopedia.pub/entry/44220 21/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

47.

48.

49.

50.

51.

52.

53.

54.

Blind, Placebo-Controlled, Phase 3 Trial. Lancet Oncol. 2016, 17, 367-377, 10.1016/S1470-2045
(15)00551-3.

Chan, A.; Moy, B.; Mansi, J.; Ejlertsen, B.; Holmes, F.A.; Chia, S.; lwata, H.; Gnant, M.; Loibl, S.;
Barrios, C.H.; et al.et al. Final Efficacy Results of Neratinib in HER2-Positive Hormone Receptor-
Positive Early-Stage Breast Cancer From the Phase Il ExteNET Trial. Clinical Breast Cancer
2021, 21, 80-91.e7.

Barcenas, C.H.; Hurvitz, S.A.; Di Palma, J.A.; Bose, R.; Chien, A.J.; lannotti, N.; Marx, G.;
Brufsky, A.; Litvak, A.; Ibrahim, E.; et al.et al. Improved Tolerability of Neratinib in Patients with
HER2-Positive Early-Stage Breast Cancer: The CONTROL Trial. Ann. Oncol. 2021, 31, 1223
1230, 10.1016/j.annonc.2020.05.012.

Martin, M.; Holmes, F.A.; Ejlertsen, B.; Delaloge, S.; Moy, B.; lwata, H.; von Minckwitz, G.; Chia,
S.K.L.; Mansi, J.; Barrios, C.H.; et al.et al. Neratinib after Trastuzumab-Based Adjuvant Therapy
in HER2-Positive Breast Cancer (ExteNET): 5-Year Analysis of a Randomised, Double-Blind,
Placebo-Controlled, Phase 3 Trial. Lancet Oncol. 2017, 18, 1688-170, 10.1016/S1470-2045(17)3
0717-9.

Wang, X.; Wang, L.; Yu, Q.; Liu, Z,; Li, C.; Wang, F.; Yu, Z. The Effectiveness of Lapatinib in
HER2-Positive Metastatic Breast Cancer Patients Pretreated With Multiline Anti-HER2 Treatment:
A Retrospective Study in China. Technol. Cancer Res. Treat. , 2021, 20, 15330338211037812, 1
0.1177/15330338211037812.

Abraham, J.; Puhalla, S.; Sikov, W.M.; Montero, A.J.; Salkeni, M.A.; Razaq, W.; Beumer, J.H.;
Kiesel, B.; Buyse, M.E.; Adamson, L.M.; et al.et al. NSABP FB-10: Phase Ib Dose-Escalation Trial
Evaluating Trastuzumab Emtansine (T-DM1) with Neratinib (N) in Women with Metastatic HER2
Breast Cancer (MBC). Journal of Clinical Oncology 2018, 36, 1027-1027.

Jhaveri, K.L.; Goldman, J.W.; Hurvitz, S.A.; Guerrero-Zotano, A.; Unni, N.; Brufsky, A.; Park, H.;
Waisman, J.R.; Yang, E.S.-H.; Spanggaard, |.; et al.et al. Neratinib plus Fulvestrant plus
Trastzuzumab (N F T) for Hormone Receptor-Positive (HR ), HER2-Negative, HER2-Mutant
Metastatic Breast Cancer (MBC): Outcomes and Biomarker Analysis from the SUMMIT Trial.
Journal of Clinical Oncology 2022, 40, 1028-1028.

Smyth, L.M.; Saura, C.; Piha-Paul, S.A.; Lu, J.; Mayer, |.A.; Brufksy, A.M.; Spanggaard, I.;
Arnedos, M.; Cutler, R.E.; Hyman, D.M.; et al. Update on the Phase Il SUMMIT Trial: Neratinib
Fulvestrant for HER2-Mutant, HR-Positive, Metastatic Breast Cancer. Annals of Oncology 2019,
30, iii10-iiil1.

Awada, A.; Colomer, R.; Inoue, K.; Bondarenko, |.; Badwe, R.A.; Demetriou, G.; Lee, S.-C.;
Mehta, A.O.; Kim, S.-B.; Bachelot, T.; et al.et al. Neratinib Plus Paclitaxel vs Trastuzumab Plus
Paclitaxel in Previously Untreated Metastatic ERBB2-Positive Breast Cancer: The NEfERT-T
Randomized Clinical Trial. JAMA Oncol 2016, 2, 1557-1564, 10.1001/jamaoncol.2016.0237.

https://encyclopedia.pub/entry/44220 22/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

55.

56.

57.

58.

59.

60.

61.

62.

63.

Saura, C.; Oliveira, M.; Feng, Y.-H.; Dai, M.-S.; Chen, S.-W.; Hurvitz, S.A.; Kim, S.-B.; Moy, B.;
Delaloge, S.; Gradishar, W.; et al.et al. Neratinib Plus Capecitabine Versus Lapatinib Plus
Capecitabine in HER2-Positive Metastatic Breast Cancer Previously Treated With > 2 HER2-
Directed Regimens: Phase Il NALA Trial. J. Clin. Oncol. 2020, 38, 3138-3149, 10.1200/JC0O.20.0
0147.

Freedman, R.A.; Gelman, R.S.; Anders, C.K.; Melisko, M.E.; Parsons, H.A.; Cropp, A.M.; Silvestri,
K.; Cotter, C.M.; Componeschi, K.P.; Marte, J.M.; et al.et al. TBCRC 022: A Phase Il Trial of
Neratinib and Capecitabine for Patients With Human Epidermal Growth Factor Receptor 2-
Positive Breast Cancer and Brain Metastases. J. Clin. Oncol. 2019, 37, 1081-1089, 10.1200/JC
0.18.01511.

Saura, C.; Garcia-Saenz, J.A.; Xu, B.; Harb, W.; Moroose, R.; Pluard, T.; Cortés, J.; Kiger, C.;
Germa, C.; Wang, K.; et al.et al. Safety and Efficacy of Neratinib in Combination With
Capecitabine in Patients With Metastatic Human Epidermal Growth Factor Receptor 2—Positive
Breast Cancer. Journal of Clinical Oncology 2014, 32, 3626—3633.

Kulukian, A.; Lee, P.; Taylor, J.; Rosler, R.; de Vries, P.; Watson, D.; Forero-Torres, A.; Peterson,
S. Preclinical Activity of HER2-Selective Tyrosine Kinase Inhibitor Tucatinib as a Single Agent or
in Combination with Trastuzumab or Docetaxel in Solid Tumor Models. Molecular Cancer
Therapeutics 2020, 19, 976-987.

O’Brien, N.A.; Huang, H.K.T.; McDermott, M.S.J.; Madrid, A.M.; Luo, T.; Ayala, R.; Issakhanian,
S.; Gong, K.W.; Lu, M.; Zhang, J.; et al.et al. Tucatinib Has Selective Activity in HER2-Positive
Cancers and Significant Combined Activity with Approved and Novel Breast Cancer—Targeted
Therapies. Molecular Cancer Therapeutics 2022, 21, 751-761.

Murthy, R.; Borges, V.F.; Conlin, A.; Chaves, J.; Chamberlain, M.; Gray, T.; Vo, A.; Hamilton, E.
Tucatinib with Capecitabine and Trastuzumab in Advanced HER2-Positive Metastatic Breast
Cancer with and without Brain Metastases: A Non-Randomised, Open-Label, Phase 1b Study.
Lancet Oncol. 2018, 19, 880-888, 10.1016/S1470-2045(18)30256-0.

Curigliano, G.; Mueller, V.; Borges, V.; Hamilton, E.; Hurvitz, S.; Loi, S.; Murthy, R.; Okines, A.;
Paplomata, E.; Cameron, D.; et al.et al. Tucatinib versus Placebo Added to Trastuzumab and
Capecitabine for Patients with Pretreated HER2+ Metastatic Breast Cancer with and without Brain
Metastases (HER2CLIMB): Final Overall Survival Analysis. Ann. Oncol. 2022, 33, 321-329, 10.10
16/j.annonc.2021.12.005.

Murthy, R.K.; Loi, S.; Okines, A.; Paplomata, E.; Hamilton, E.; Hurvitz, S.A.; Lin, N.U.; Borges, V.;
Abramson, V.; Anders, C.; et al.et al. Tucatinib, Trastuzumab, and Capecitabine for HER2-Positive
Metastatic Breast Cancer. N. Engl. J. Med. 2020, 382, 597-609, 10.1056/NEJM0a1914609.

Lin, N.U.; Borges, V.; Anders, C.; Murthy, R.K.; Paplomata, E.; Hamilton, E.; Hurvitz, S.; Loi, S.;
Okines, A.; Abramson, V.; et al.et al. Intracranial Efficacy and Survival With Tucatinib Plus

https://encyclopedia.pub/entry/44220 23/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

64.

65.

66.

67.

68.

69.

70.

71.

72.

Trastuzumab and Capecitabine for Previously Treated HER2-Positive Breast Cancer With Brain
Metastases in the HER2CLIMB Trial. J. Clin. Oncol. 2020, 38, 2610-2619, 10.1200/JC0.20.0077
5.

Li, X.; Yang, C.; Wan, H.; Zhang, G.; Feng, J.; Zhang, L.; Chen, X.; Zhong, D.; Lou, L.; Tao, W.; et
al.et al. Discovery and Development of Pyrotinib: A Novel Irreversible EGFR/HER2 Dual Tyrosine
Kinase Inhibitor with Favorable Safety Profiles for the Treatment of Breast Cancer. European
Journal of Pharmaceutical Sciences 2017, 110, 51-61.

Ma, F.; Li, Q.; Guan, X.; Chen, S.; Yi, Z.; Lan, B.; Xing, P.; Fan, Y.; Wang, J.; Luo, Y.; et al.et al.
Safety, Efficacy, and Biomarker Analysis of Pyrotinib in Combination with Capecitabine in HER2-
Positive Metastatic Breast Cancer Patients: A Phase | Clinical Trial. Journal of Clinical Oncology
2019, 37, 1035-1035.

Spicer, J.; Baird, R.; Suder, A.; Cresti, N.; Garcia Corbacho, J.; Hogarth, L.; Frenkel, E.;
Matsumoto, S.; Kawabata, I.; Donaldson, K.; et al.et al. Phase 1 Dose-Escalation Study of S-
222611, an Oral Reversible Dual Tyrosine Kinase Inhibitor of EGFR and HERZ2, in Patients with
Solid Tumours. European Journal of Cancer 2015, 51, 137-145.

Arkenau, H.-T,; Italiano, A.; Mak, G.; Toulmonde, M.; Baird, R.D.; Garcia-Corbacho, J.; Plummer,
R.; Flynn, M.; Forster, M.; Wilson, R.H.; et al.et al. An Extended Phase Ib Study of Epertinib, an
Orally Active Reversible Dual EGFR/HER2 Tyrosine Kinase Inhibitor, in Patients with Solid
Tumours. Eur. J. Cancer 2018, 103, 17-23, 10.1016/j.ejca.2018.07.134.

Macpherson, I.R.; Spiliopoulou, P.; Rafii, S.; Saggese, M.; Baird, R.D.; Garcia-Corbacho, J.;
Italiano, A.; Bonneterre, J.; Campone, M.; Cresti, N.; et al.et al. A Phase I/ll Study of Epertinib plus
Trastuzumab with or without Chemotherapy in Patients with HER2-Positive Metastatic Breast
Cancer. Breast Cancer Research 2020, 22, 1.

Hu, X.; Zhang, J.; McAndrew, N.P. Early Clinical Safety and Pharmacokinetics Data of DZD1516,
an BBB-Penetrant Selective HER2 Inhibitor for the Treatment of HER2-Positive Metastatic Breast
Cancer. Journal of Clinical Oncology 2022, 40, 1038-1038.

Cameron, D.; Piccart-Gebhart, M.J.; Gelber, R.D.; Procter, M.; Goldhirsch, A.; de Azambuja, E.;
Castro, G.; Untch, M.; Smith, I.; Gianni, L.; et al.et al. 11 Years’ Follow-up of Trastuzumab after

Adjuvant Chemotherapy in HER2-Positive Early Breast Cancer: Final Analysis of the HERceptin
Adjuvant (HERA) Trial. The Lancet 2017, 389, 1195-1205.

Bianchini, G.; Gianni, L. The Immune System and Response to HER2-Targeted Treatment in
Breast Cancer. The Lancet Oncology 2014, 15, e58—e68.

Petricevic, B.; Laengle, J.; Singer, J.; Sachet, M.; Fazekas, J.; Steger, G.; Bartsch, R.; Jensen-
Jarolim, E.; Bergmann, M. Trastuzumab Mediates Antibody-Dependent Cell-Mediated Cytotoxicity
and Phagocytosis to the Same Extent in Both Adjuvant and Metastatic HER2/neu Breast Cancer
Patients. J. Transl. Med. 2013, 11, 307, 10.1186/1479-5876-11-307.

https://encyclopedia.pub/entry/44220 24/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

73.

74.

75.

76.

77.

78.

79.

80.

81.

Clynes, R.A.; Towers, T.L.; Presta, L.G.; Ravetch, J.V. Inhibitory Fc Receptors Modulate in Vivo
Cytotoxicity against Tumor Targets. Nat. Med. 2000, 6, 443-446, 10.1038/74704.

Arnould, L.; Gelly, M.; Penault-Llorca, F.; Benoit, L.; Bonnetain, F.; Migeon, C.; Cabaret, V.;
Fermeaux, V.; Bertheau, P.; Garnier, J.; et al.et al. Trastuzumab-Based Treatment of HER2-
Positive Breast Cancer: An Antibody-Dependent Cellular Cytotoxicity Mechanism? . Br. J. Cancer
2006, 94, 259-267, 10.1038/sj.bjc.6602930.

Stagg, J.; Loi, S.; Divisekera, U.; Ngiow, S.F.; Duret, H.; Yagita, H.; Teng, M.W.; Smyth, M.J. Anti-
ErbB-2 mAb Therapy Requires Type | and Il Interferons and Synergizes with Anti-PD-1 or Anti-
CD137 mAb Therapy. Proc. Natl. Acad. Sci. U. S. A 2011, 108, 7142—-7147, 10.1073/pnas.101656
9108.

Loi, S.; Giobbie-Hurder, A.; Gombos, A.; Bachelot, T.; Hui, R.; Curigliano, G.; Campone, M.;
Biganzoli, L.; Bonnefoi, H.; Jerusalem, G.; et al.et al. Pembrolizumab plus Trastuzumab in
Trastuzumab-Resistant, Advanced, HER2-Positive Breast Cancer (PANACEA): A Single-Arm,
Multicentre, Phase 1b-2 Trial. The Lancet Oncology 2019, 20, 371-382.

Waks, A.G.; Keenan, T.E.; Li, T.; Tayob, N.; Wulf, G.M.; Richardson, E.T., 3rd; Attaya, V.;
Anderson, L.; Mittendorf, E.A.; Overmoyer, B.; et al.et al. Phase Ib Study of Pembrolizumab in
Combination with Trastuzumab Emtansine for Metastatic HER2-Positive Breast Cancer. J.
Immunother. Cancer 2022, 10, e005119, 10.1136/jitc-2022-005119.

Emens, L.A.; Esteva, F.J.; Beresford, M.; Saura, C.; De Laurentiis, M.; Kim, S.-B.; Im, S.-A.;
Wang, Y.; Salgado, R.; Mani, A.; et al.et al. Trastuzumab Emtansine plus Atezolizumab versus
Trastuzumab Emtansine plus Placebo in Previously Treated, HER2-Positive Advanced Breast
Cancer (KATE2): A Phase 2, Multicentre, Randomised, Double-Blind Trial. Lancet Oncol. 2020,
21, 1283-1295, 10.1016/S1470-2045(20)30465-4.

Huober, J.; Barrios, C.H.; Niikura, N.; Jarzgb, M.; Chang, Y.-C.; Huggins-Puhalla, S.L.; Pedrini, J.;
Zhukova, L.; Graupner, V.; Eiger, D.; et al.et al. Atezolizumab With Neoadjuvant Anti-Human
Epidermal Growth Factor Receptor 2 Therapy and Chemotherapy in Human Epidermal Growth
Factor Receptor 2-Positive Early Breast Cancer: Primary Results of the Randomized Phase llI
IMpassion050 Trial. J. Clin. Oncol. 2022, 40, 2946—-2956, 10.1200/JC0.21.02772.

Hurvitz, S.A.; Bachelot, T.; Bianchini, G.; Harbeck, N.; Loi, S.; Park, Y.H.; Prat, A.; Gilham, L.;
Boulet, T.; Gochitashvili, N.; et al.et al. ASTEFANIA: Adjuvant Ado-Trastuzumab Emtansine and
Atezolizumab for High-Risk, HER2-Positive Breast Cancer. Future Oncol. 2022, 18, 3563—-3572, 1
0.2217/fon-2022-0485.

Chia, S.; Bedard, P.L.; Hilton, J.; Amir, E.; Gelmon, K.; Goodwin, R.; Villa, D.; Cabanero, M.; Tu,
D.: Tsao, M.; et al.et al. A Phase Ib Trial of Durvalumab in Combination with Trastuzumab in
HER2-Positive Metastatic Breast Cancer (CCTG IND.229). The Oncologist 2019, 24, 1439-1445.

https://encyclopedia.pub/entry/44220 25/26



Emerging Targeted Therapies for HER2-Positive Breast Cancer | Encyclopedia.pub

82. Dirix, L.Y.; Takacs, I.; Jerusalem, G.; Nikolinakos, P.; Arkenau, H.-T.; Forero-Torres, A.; Boccia, R.;
Lippman, M.E.; Somer, R.; Smakal, M.; et al.et al. Avelumab, an Anti-PD-L1 Antibody, in Patients
with Locally Advanced or Metastatic Breast Cancer: A Phase 1b JAVELIN Solid Tumor Study.
Breast Cancer Res. Treat. 2018, 167, 671-686, 10.1007/s10549-017-4537-5.

83. André, P.; Denis, C.; Soulas, C.; Bourbon-Calillet, C.; Lopez, J.; Arnoux, T.; Bléry, M.; Bonnafous,
C.; Gauthier, L.; Morel, A.; et al.et al. Anti-NKG2A mAb Is a Checkpoint Inhibitor That Promotes
Anti-Tumor Immunity by Unleashing Both T and NK Cells. Cell 2018, 175, 1731-1743.e13, 10.101
6/j.cell.2018.10.014.

Retrieved from https://encyclopedia.pub/entry/history/show/100032

https://encyclopedia.pub/entry/44220 26/26



