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Abstract

Recent advances in molecular targeted therapies,
including targeting human epidermal growth factor
receptor 2 (HER2), had a major forward step in the
therapy for gastric cancer patients. Application of
HER2-targeted therapies, in particular trastuzumab in
combination with chemotherapy in metastatic HER2-
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positive gastric cancers, resulted in improvements
in response rates, time to progression and overall
survival. Nevertheless, as with breast cancer, many
patients with gastric cancer develop resistance to
trastuzumab. Several promising therapies are currently
being developed in combination with chemotherapy
to increase the efficacy and overcome the cancer-
resistance. Here we review the current overview of
clinical application of agents targeting HER2 in gastric
cancer. We also discuss the ongoing trials supporting
the use of HER2-targeted agents combined with
cytotoxic agents or other monoclonal antibodies.

Key words: Human epidermal growth factor receptor 2;
Gastric cancer; Targeting therapy; Trastuzumab
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Core tip: This review summarizes the development of
diagnostic and therapeutic approach for the patients
with human epidermal growth factor receptor 2 (HER2)-
overexpressed/amplified gastric cancer. The biology
of HER2-dependent signalling is also described. The
ToGA trial highlighted the importance of accurate HER2
testing to guide treatment choice of gastric cancer.
Future strategies beyond the ToGA trial to address
EFGR family, including HER2 pathway are discussed
according to current ongoing clinical trials, as well as
experimental studies.
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INTRODUCTION

Gastric cancer is the fourth most common malignant
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Figure 1 Human epidermal growth factor receptor 2 signaling pathway and interaction with other pathways. This demonstrates schematic representation of
the HER-2 family of receptor and their interaction with downstream signalling, along the pathway which are responsible for a variety of biological processes involving
cell cycle control, apoptosis, cellular growth, invasion, and angiogenesis. Examples of classes of drugs and corresponding compounds targeting the HER-2 network
are also presented. HER1-4 are transmembrane proteins with associated tyrosine kinases. Heterodimerization result in tyrosine kinase activation with the subsequent
signaling cascade, and subsequently activates downstream signals, including members of MAPK and PI3K/Akt/mTOR pathways. Trastuzumab and t-DM1 targtets
to the extracellular domain IV of HER2. Anti-cancer activity of pertuzumab is interference with HER-receptor dimerization. Lapatinib, afatinib, and tyrosine kinase
inhibitors (TKIs) compete for the binding of ATP in the intracellular domain of the receptors. HSP90 suppresses the NH2-terminal ATP binding site which leads to the
degradation of client proteins by the ubiquitin proteasome pathway. HER: Human epidermal growth factor receptor; MAPK: Mitogen-activated protein kinase; MEK:
Mitogen-activated protein kinase kinase; ERK: Extracellular signal-regulated kinase; PI3K: Phosphatidylinositol 3-kinase; mTOR: Mammalian target of rapamycin.

disease and the second leading cause of cancer-related the most important targets in human malignancy is the
death worldwide!. Despite the current improvements epidermal growth factor receptor (EGFR) family"”. The
in survival of patients with gastric cancer, it is often human epidermal growth factor receptor-2 (HER2) is a
diagnosed at an advanced stage and its prognosis is still receptor of tyrosine kinase and a member of the EGFR
unsatisfactory due to the high frequency of metastasis™”. family", HER2 is expressed in a significant proportion of

Recent studies have shown that several combination gastric cancer'?. Trastuzumab, a recombinant humanized
chemotherapies have been shown to significantly increase monoclonal antibody that targets the extracellular
survival for patients with gastric cancer'. SPIRITS domain IV of HER2, has recently been noticeably altered
trial (S1 plus cisplatin »5 S1 in RCT in the treatment the treatment of gastric cancer. Trastuzumab has
of stomach cancer) showed that combined therapy demonstrated a survival advantage in patients with HER2-
of S1 with cisplatin significantly prolonged survival overexpressed gastric cancer'”,
as a first-line treatment for advanced gastric cancer. In this article, we will outline the issues concerning
Overall survival (OS) of patients treated with S1 plus novel biologic agents for advanced gastric cancer,
cisplatin was 13.0 mo compared 11.0 mo with S1 alone". focusing on anti-HER2 therapies, such as trastuzumab,
Additionally, other cytotoxic agents, including docetaxel and other novel agents. We will also discuss the current
and irinotecan also prolonged survival®”. Notably, clinical evidence and ongoing trials supporting the use of
capecitabine and oxaliplatin showed to be non-inferior HER2-targeted agents combined with cytotoxic agents or
to fluorouracil and cisplatin®™”. However, even with these other monoclonal antibodies.

treatments, most patients with advanced disease have a

median overall survival in the range of 6-11 mo?,

To date, with greater knowledge of the molecular MOLECULAR FEATURES OF HER2

basis of tumor initiation, several kinds of targeted agents HER2, a proto-oncogene encoded by ERBB2 on chro-
have led to a better prognosis for solid tumors. One of mosome 17, is a cell membrane surface-bound receptor
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tyrosine kinase and belongs to EGFR family, including
EGFR/HER1, HER2/neu, HER3, and HER4"".
Each receptor has an extracellular domain, lipophilic
transmembrane domain, and intracellular kinase domain
(Figure 1). Although HER1, 3, 4 are activated by ligand
binding, the specific ligand to HER2 have not been
identified yet""". Nevertheless, aberrant HER2 activity
and activation of the HER2 receptor leads to receptor
dimerization (e.g., HER2/HER3), and subsequently
activate downstream signals, including members of the
Ras/Raf/mitogen-activated protein kinase (MAPK) and
phosphatidylinositol-3 kinase/protein kinase-B/mammalian
target of rapamycin (PI3K/Akt/mTOR) pathways (Figure
1)“5’16]. Overexpression of HER2 has been found to
aggressively promote these signals which are responsible
for regulating a variety of tumor biology, such as cancer
cell growth, differentiation, invasion and survival' "',
Dimerization of HER2 and HER3 is known to be the most
active HER signaling dimer. With regard to gastric cancer,
HER2 and HER3 are significant predictors of poor survival
in multivariate study. HER3 may become another candidate
for molecular-targeted therapy in gastric cancer, especially

for the diffuse histological type!”*".

HER2 EXPRESSION AND GASTRIC
CANCER

The reported HER2 amplification in patients with gastric
cancer ranges from 6% to 23%"*"* The rates of
HER?2 amplification or overexpression in gastric cancers
are different depending on the primary location of the
tumor, which is more frequent in cancers located in the

gastroesophageal junction compared with those from
elsewhere in the stomach**. Histological evaluation
revealed HER2 overexpression was predominantly seen
in the intestinal-type than in diffuse-type cancers (32% us
6%)*.

HER2 amplification is associated with clinicop-
athological features, such as age, male gender, tumor
size, serosal invasion and lymph node metastasis”**.
HER2 expression is a biomarker for the prediction
of trastuzumab response”™. However, the prognostic
significance of HER2 overexpression in gastric cancer
remains controversial. A number of retrospective studies
have demonstrated that HER2 positivity is a prognostic
factor associated with increased risk of invasion, metastasis,
and worse survival' ">, HER2 status has been reported
as the second poorest prognostic variable following nodal
status””’". On the other hand, other studies found no
association between HER2 and prognosis in both early and
advanced stage cancers' 7,

Several studies have investigated how differences in
expression of HER2 between of primary gastric tumor
and metastatic lesions. The majority of these reports
has described that HER2 expression of primary and
secondary sites revealed a high concordance rate, except
two studies” . These data suggest that the evaluation

of HER2 expression in the primary cancer is a reliable
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basis for determing treatment with anti-HER2 agents in
patients with metastatic gastric cancer.

HER?2 expression is usually determined by immunohis-
tochemistry (IHC) or by the detection of HER2 gene
amplification by fluorescence i situ hybridization (FISH).
The evaluation of HER2 immunostained samples in
gastric cancer is carried out as outlined by Hofmann ez
al*" and optimized by Ruschoff ez """, HER2 testing
1s distinct from breast cancer immunohistochemistry
testing. The major difference in scoring HER2 IHC
staining between gastric cancer and breast cancer is that
an incomplete basolateral or lateral staining alone is
considered as a positive result, which lead to the frequent
incidence of tumor heterogeneityw. This heterogeneity
may represent the HER2 testing inaccuracy, resulting in
the controversy of significance of HER2-expression in
gastric cancer. Thus, further studies have been proposed
to improve the quality of HER2 testing to make certain
that patients receive the best possible therapy for their
HER2-positive disease.

A recent study presented the Collaborative Enzyme
Enhanced Reactive (CEER) immunoassay may be a useful
technique to investigate the HER2 expressionm. CEER-
based assays showed higher sensitivity and specificity as
compared to IHC-based assays. Evaluation with this high
sensitivity of HER3 resulted in -20% of the IHC/FISH
HER2 negative gastric cancers still expressed total HER2
although. Another study presented that the use of a
quantitative variable that could be objectively measured,
such as the HER2 gene copy number or the HER2
amplification ratio, which seems preferable to a subjective
classification in accordance with IHC scotes that are not
regularly consistent™. These current development of
technology may be useful for elucidating the expression
of HER2 more precisely and improving prediction of
clinical outcome in gastric cancer patients treated with
trastuzumab.

TREATMENT FOR HER2 POSITIVE
GASTRIC CANCER

Trastuzumab

Trastuzumab is the first molecular targeted agent approved
as standard treatment in gastric cancer!™™, This agent
induces antibody-dependent cellular cytotoxicity, inhibits
HER2-mediated signaling and prevents cleavage of the
extracellular domain of HER2 (Figure 1). Trastuzumab
for Gastric Cancer (ToGA) study was an open-label phase
I, randomized controlled trial undertaken in 122 centers
among 24 countries'”, ToGA trial showed that an addition
of trastuzumab to conventional cytotoxic chemotherapy
demonstrated a clinical benefit compared to chemotherapy
alone in terms of tumor response, which suggested that
combined chemotherapy with trastuzumab can be cited as
a novel accepted option for patients with HER2-positive
advanced gastric cancer. Recently, a role of trastuzumab as
a second-line chemotherapy got attention because of the
usefulness of trastuzumab as a first-line chemotherapy. In
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Table 1 Clinical trials of HER2-targeted therapy in gastric cancer (after ToGA study)

Trial Study design No. of patients HER2 status Regimen duration of treatment Response rate Prognosis
LOGiC Phase I /1% 545 HER2 amplification ~ Lapatinib + XELOX non-significant
Randomized XELOX prolongation
Double Blind No description of duration
TyTAN Phase I /2™ 1923 HER2 amplification Lapatinib +Paclitaxel 27% vs 9% 0S:11.0 mo vs 89 mo
Parallel group Paclitaxel PFS: 54 movs4.4 mo
Randomized 24 mo
HERBIS-1 Phase I /1% 56 IHC 3+ S-1/cisplatin + trastuzumab 68% OS: 16.0 mo
Non-Randomized THC 2+ FISH + No description of duration PFS: 7.8 mo
PF299804 Phase 1T /2™ 28 IHC 3+ PF299804 7.40% Ongoing
Non-Randomized (estimated) IHC 2+ FISH + Cycles of 28 d
HIROISE Phase I /1% 400 Trastuzumab + cisplatin Ongoing
(NCT01450646) Randomized (estimated) + capecitabine
33 wk
NCT01472029  Phase I /1% 53 5-FU, leucovorin, docetaxel, Ongoing
Non-Randomized oxaliplatin (FLOT), trastuzumab
No description of duration
NCT01130337  Phase I/ 36 Trastuzumab + XELOX Ongoing
preoperative 12 mo
Non-Randomized
NCT01522768  Phase II /advanced 40 THC 3+ Afatinib + trastuzumab Ongoing
Non-Randomized THC 2+ FISH + 24 mo
NCT01402401  Phase I /2™ 21 THC 3+ AUY922 + trastuzumab Ongoing
Non-Randomized THC 2+ FISH + Every 6 wk
NCT01641939  Phase I /I /1% 412 THC 3+ Trastuzumab emtansine Ongoing
Randomized (estimated) IHC 2+ FISH + Taxane
12 wk

HER2: Human epidermal growth factor receptor; OS: Overall survival; PFS: Progression-free survival; IHC: Immunohistochemistry; FISH: Fluorescence in

situ hybridization.

a recent retrospective analysis, gastric cancer patients with
HER?2 overexpression applied trastuzumab in addition to
their first-line chemotherapy with or without trastuzumab
maintenance therapy. The median PFS was 14.6 mo and OS
was 16.4 mo with an acceptable benefit"” (Table 1).

On the other hand, the efficacy of HER2-targeted
agents have shown to be limited and unsatisfactory than
that would be expected"™"’. These insufficiencies may
be overcome by the development of combined therapy
with other cytotoxic agents, and strategies against primary
or acquired resistance in the patients with gastric cancet.
The HERBIS-1 study is the muticenter phase II trial
undertaken at 22 hospitals in ]apanm. Patients with
HER2-positive advanced gastric cancer received S1 on
day 1-14, cisplatin, on 1 d, and trastuzumab on day 1
of a 21-d cycle. The RR based on RECIST was 68%
(95%CI: 54%-80%; 80%CI: 58%-76%) and the disease
control rate was 94% (95%CI: 84%-99%). Median OS,
PES, and TTF were estimated as 16.0, 7.8, and 5.7 mo,
respectively. Trastuzumab combined with SP would be a
potential new strategy for patients with HER-2 positive
advanced gastric cancer. Another study presented that
the level of synergistic effect on combination therapy
with trastuzumab and anti-cancer drug was different
depending on the expression level of HER-2. The HER-2
expression may be applied to standard for drug selection
in combination of trastuzumab with known cytotoxic
agents in gastric cancer ™.

Roishidenge ~ WJCC | www.wjgnet.com

45

Pertuzumab

Pertuzumab, one of the HER2-targeted monoclonal
antibody, is distinct and complementary to trastuzumab.
Pertuzumab binds the extracellular domain II of the
HER?2 receptor and disrupts HER2 dimerization (Figure
D™ Similar to trastuzumab, pertuzumab activates
antibody-dependent cellular cytotoxicity, with equivalent
efficacy, leading to cancer cell death™. The combination
of trastuzumab plus pertuzumab was reported to be
synergistic in breast cancer. This combination reduced
HER2/EGFR and HER2/HER3 heterodimer formation,
leading to in induction of apoptosis i vitrd™”. Thus the
therapeutic achievement of pertuzumab in metastatic
HER?2 positive breast cancer provides hope for HER2
positive gastric cancer by using a similar approach. With
regard to gastric cancer, a phase Ila study of first-
line pertuzumab in combination with trastuzumab,
capecitabine and cisplatin in patients with HER2 positive
advanced gastric cancer was carried out”'. Patients were
divided into two arms: pertuzumab 840 mg for cycle 1
and trastuzumab 420 mg q3w for cycle 2-6 »s pertuzumab
840 mg q3w for six cycles. Partial responses were
achieved by 86% and 55% of patients, respectively.

Lapatinib

Lapatinib is a small tyrosine kinase inhibitor of EGFR
and HER2 that interferes activation by binding to the
intracellular ATP binding site of these kinases (Figure 1).
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This agent inhibits HER2 and EGFR dependent activation
of PI3K and Ras pathways, leading to downregulation of
receptor tyrosine kinase phosphorylation in tumor cells
(Figure 1). The synergistic activity was shown by lapatinib
in combination with trastuzumab for HER2 positive breast
cancer that presented through two lines of trastuzumab
related treatments”™. Regarding to gastric cancer, modest
activity was demonstrated with single-agent lapatinib in
the Southwest Oncology Group SWOG) 0413 trial®”,
Subsequently, Tykerb with Taxol in Asian ErbB2 gastric
cancer (TyTAN), an open-label randomized phase III
study comparing paclitaxel with paclitaxel plus lapatinib in
patients with HER2 FISH-positive IHC3 + gastric cancer
as a second-line therapy was performed. Although the
median OS was prolonged by two months with lapatinib,
this trial failed to achieve any OS and PFS benefit because
statistically significance was not obtained"”. Moreover, the
Lapatinib Optimization study in HER2 positive Gastric
Cancer (LOGIC) trial is a phase III trial of capecitabine
and oxaliplatin with or without lapatinib in first-line
advanced HER2 FISH amplified gastric and GEJ cancers
suggested not any signs of activity for lapatinib™. These
negative results of TYTAN and LOGIC trials indicate that
there is a presence of drug resistance or an alternative
pathways from HER2-targeted therapy. On the other
hand, lapatinib may be useful for treating the trastuzumab-
resistant HER2-positive gastric cancer. A previous study
described that lapatinib showed the antitumor efficacy for
trastuzumab-resistant cell lines which was due to both Gi

cell-cycle arrest and apoptosis induction®,

Trastuzumab-emtansine

Antibody-drug conjugates have been said to transfer
cytotoxic drugs directly to tumor cells. Trastuzumab
emtansine (TDM-1) is an antibody-drug conjugate
of trastuzumab and, a potent microtubule inhibitor,
DM1 (derivative of maytansine). In preclinical gastric
cancer models, TDM-1 has shown more aggressive tumor
activity than trastuzumab®™. A multicenter adaptive
phase II /I of TDM-1 is currently underway with
HER?2 positive advanced gastric cancer after progression
following first line treatment (NIH study trial registration
number NCT01641939; ClinicalTrials. gov).

STRATEGIES TO OVERCOME
TRASTUZUMAB RESISTANCE IN

GASTRIC CANCER

Although HER2 targeting therapy has been advanced,
most patients with gastric cancer still develop acquired
resistance to trastuzumab", To achieve better benefits
for HER2-targeted therapy in patients with HER2-
positive gastric cancer, there is an urgent need to clarify
the mechanisms underlying the cancer-resistance. Some
papers described that intra-tumoral heterogeneity of
gastric cancer may play a role in the resistance” ™. In this
section, we will discuss selected novel agents including
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those based on proposed mechanisms of resistance to

HER2-targeted therapy (Figure 1).

Afatinib

Afatinib (Gilotrif, Boehringer Ingelheim), an irreversible
inhibitor of EGFR, HER2, and HER4, has been
shown to be effective in the elimination of cancer cells
with HERZ2 gene mutations”™”. This orally-bioavailable
compound binds to its targets and has potential against
receptors with acquired mutations that are resistant to
first-generation inhibitors. The usefulness of this agent
is currently examined in phase Il study in EGFR-
positive non small cell lung cancer, breast cancer, and
head and neck squamous cell carcinoma”™. Phase II
study in metastatic HER2 positive trastuzumab refractory
esophagogastric cancer is underway (NIH study trial
registration number NCT01522768; ClinicalTrials.gov).

mTOR inhibitors

One of the most important mechanisms underlying
trastuzumab resistance is dysregulation of HER2
downstream signal substrate, including the PI3K/Akt/
mTOR pathway. It is well known that PIK3C.4 mutations
and phosphate and tensin homolog (PTEN) inactivation
result in constitutive activation of the downstream
signals. HER2 overexpression is said to be significantly
associated with p-Akt expression, suggesting that
PIK3CA mutation and PTEN inactivation may affect the
effectiveness of HER2-targeted therapym. Inhibition of
the mTOR/S6K signal by mTOR inhibitort, everolimus,
enhanced fluorouracil-induced apoptosis in gastric cancer
cells with HER2 amplification. Thus, it is plausible that
concomitant therapy between HER2-targeted agents
and mTOR inhibitor may provide substantial benefit in
patients with HER2-positive gastric cancer.

HSPI0 inhibitors

HSPI0 is an ATP-dependent, conserved molecular
chaperone that is involved in the structural folding and
stability of proteins. Suppression at the NH2-terminal
ATP binding site results in the degradation of client
proteins by the ubiquitin proteasome pathway, which lead
to the degradation of HER2 (Figure 1), Furthermore,
p95-HER2, which is amino-terminal truncated form of
HER?2 and also a major factor of trastuzumab resistance
due to the lacks of the trastuzumab binding site, shown
to be degraded by HSP90 inhibitors. Several HSP90
inhibitors are undergoing early clinical evaluation.
AUY922 is part of the isoxazole HSP90-inhibitor
family. HSP90 inhibition by AUY922 leads to decrease
the EtbB2 protein level and downstream signaling
via PI3K in HER2-positive gastric cancer'™. A recent
study described that a significant synergy exists between
AUY922 and trastuzumab in HER2-amplified gastric
cancet. The combination of AUY922 and trastuzumab
is also synergistic in HER2-amplified trastuzumb-
progressed gastric cancet, which may be due to reinforce
the rationale behind dual mechanisms of blockade in
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HER2-amplified diseases®”. Clinical trials on the basis
of this study are currently underway in gastric cancers
(NIH study trial registration number NCT01402401;
ClinicalTrials.gov). Thus, the dual inhibition of HSP90
and HER2 may enhance the attenuate effects on
downstream signaling, especially in trastuzumab-resistant
patients.

Pan-HER TK1

Recent studies have suggested that HER3 plays a pivotal
role in tumor resistance to molecular agents targeting
HER2Y and is causing the maintenance of HER2-
amplified cell growth. Therefore, it is plausible that a pan-
HER TKI1, which targets all HER family members, may
have more potent activity in HER expressed malignancies.
PF00299804 (Decomitib) is an orally bioavailable,
second-generation, irreversible pan-HER TKI currently
under clinical development[“]. The combination of
PF00299804 with chemotherapeutic agents or molecular-
targeted agents including trastuzumab produced
synergistic effects. These data suggested that PF00299804
may augment the antitumor efficacy of chemotherapy
and/or molecular-targeted agents.

Met inhibitors

c-Met is a cell surface receptor for hepatocyte growth
factor (HGF), which regulates a variety of cellular
processes involved in cell growth, invasion and angio-
genesism. A functional crosstalk between Met and HER
family members has been shown to acquire an invasive
and progressive phenotype, suggesting that Met can
be the dimerization partner or crosstalk with HER2"".
Furthermore, the Met signaling has been implicated as
a mediator of resistance to therapies targeting members
of the HER family in several solid tumors™. These
data indicate that HER2 targeted agents combined with
Met inhibitor may be useful to facilitate the efficacy and
overcome the resistance of HER2 therapy in patients with
HER2-positive gastric cancer. Similarly, HGF activation
of MET receptors has been described to rescue cells
from lapatinib-induced growth inhibition by restimulating
the downstream pathwayslmj. This effect was abrogated
by inhibiting MET with PHA-665752 (a highly specific
MET inhibitor), suggesting that lapatinib-induced growth
inhibition may be abrogated through the activation of
MET. Thus, the dual application of lapatinib and MET
inhibitor may be a favorite model to overcome the
lapatinib-resistant gastric cancer.

FUTURE PERSPECTIVES

This review has discussed some of a large number of data
showing the clinical benefits of trastuzumab for treating
HER2-positive gastric cancer. Combination therapy
between trastuzumab and conventional chemotherapy
is now cited as a standard first-line treatment for HER2
overexpressing gastric cancer in patient with advanced
stage. This treatment remains to be under investigation
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for more potent utilization. Abundant clinical trials are
planned or currently underway to evaluate the role of
anti-HER2 agents in metastatic disease in combination
with cytotoxic chemotherapy as well as with targeted
therapy. As previously described, some studies with anti-
HER2 combination treatments indicate that the use of
more than one HER2-targeted therapy was superior
to one of these agents alone in HER2 positive gastric
cancer ™ With the expansion of utilizing anti-
HER?2 agents, identifying the right combination of these
various novel agents will be urgent to benefit the clinical
outcomes in patients with advanced gastric cancer.

There still are several subjects to be discussed and
settled for the advancement of HER2-targeted therapy in
gastric cancef.

Dose increases of trastuzumab

To date, the clinical relevance of trastuzumab’s kinetic
variable is not defined. It has been considered that
higher dosing may be required in patients with gastric
cancer (Roche, Inc. Herceptin package insert. Available
at: http://www.medsafe.govt.nz/profs/datasheet/h).
Pharmacokinetics data showed in the ToGA study
described that the trastuzumab clearance is 0.378 L./d
based on the current standard dosing, 70% higher than
the rates in trastuzumab-treated patients with breast
cancer. The HELOISE study: a study of trastuzumab in
combination with chemotherapy in patients with HER2-
positive metastatic gastric or gastro-esophageal cancer is
currently under investigation (NIH study trial registration
number NCT01450696; ClinicalTrials.gov.). In this phase
Il study, patients are randomized to either standard
dosing or higher dosing arm (trastuzumab given at 8
mg/kg loading dose followed by 10 mg/kg every 3 wk) in
combination with cisplatin based chemotherapy.

Possible candidates as a new biomarker

To date, there are no predictive biomarkers of response
to trastuzumab. Thus, identifying a biomarker is one of
the most importance in the development of an effective
targeted agent. The NeoSphere trial, examining 16
different biomarkers, including HER2 expression, PI3KCA
mutation, p95HER2, and insulin-like growth factor
receptor expression in patients with breast cancer, resulted
in failure of predicting response to pertuzumab'™. In
contrast, the presence of HER2 phosphorylation and low
HER3 mRNA expression were associated with improved
efficacy in patients with ovarian cancer treated with
pertuzumab'™. Tn some clinical trials, PIK3CA mutation
or PTEN loss has been evaluated as a possible predictive
biomarker. Therefor, to clarify the association between
HER2 expression and PI3K/Akt pathway alterations is
necessary to develop a new therapeutic strategy.

With regard to gastric cancer, several experimental
studies showed the possibility of several factors which
may be useful for predicting the efficacy of trastuzumab
alone or combined chemotherapy. Trastuzumab resistant
cells were noted to express the decreased amount of
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p27KIP1 levels and increased CDK2 activity”", As a
result, p27Kip1 level may be utilized as a marker of
trastuzumab response and potential therapeutic target
in trastuzumab-resistant gastric cancer. The serum level
of HER2-extracellular domain (ECD) has been said to
evaluate the HER2 status of patients with gastric cancer.
Moreover, the serum HER2-ECD test could enable
monitoring of the dynamic changes in HER2 status
over the clinical course of the disease. It can be used as
an easily accessible real-time biomarker for longitudinal

assessments of disease status”.

Mechanism of resistance

Resistance to trastuzumab is currently emerging in
HER?2 positive gastric cancers. PI3K pathway may confer
resistance to tratuzumab in preclinical studies. Enhanced
signaling from HER family receptors, including
overexpression of HER3 and formation of high levels
of HER2-HER3 heterodimers, and insulin-like growth
factor-1 receptor (IGF-1R) are also correlated with PI3K
signaling activity and resistance of anti-HER2 agentsm.
Recently, several studies have presented the mechanisms
of resistance in patients with gastric cancer. Cancer stem
cells may be postulated mediators of the chemoresistance.
The c-Met inhibitor may be a promising target molecule
for irinotecan-based chemotherapy of gastric cancer'”,
Heregulin 1 can cause resistance to lapatinib in gastric
cancers 7z vitro through HER3 and Akt activation™.
Interestingly, epithelial-mesenchymal transition plays an
important role in acquiring resistance to HER2-directed
treatment in HER2 positive gastric cancer”,

CONCLUSION

HER2 signaling lead to receptor dimerization such as
HER2/HER3 and positively mediates its downstream
signals which lead to a variety of tumor biology.
Dimerization of HER2 and HER3 is known to be the
most active HER signaling dimer and HER3 may be a
subsequent target of therapy in gastric cancer as well
as HER2, especially for the diffuse histological type.
Current development of technology for identifying
HER2 expression is convincing and may result in the
improved clinical outcome in trastuzumab applied
patients with gastric cancer. There are several molecular
HER2-targeted agents applied practically and showing
clinical benefits compared to chemotherapy alone in
gastric cancer. However, the efficacy of these agents
has shown to be modest and unsatisfactory than that
would be expected which may be due to the acquisition
of resistance or an unmatched combination to known
cytotoxic agents. To overcome the trastuzumab resistance,
several examinations have elucidated the mechanisms
of resistance in gastric cancer. Clinical and experimental
studies using several other molecules, which shows
synergistic activity by concomitant use with trastuzumab
or has potential against receptors with acquired
resistance, are under investigation. There still are several
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subjects to be discussed for the advancement of HER2-
targeted therapy in gastric cancer, such as determining
the suitable dose of trastuzumab, identifying a predictive
biomarker. In conclusion, HER2-targeted therapy is
now acceptable for management of patients with gastric
cancer and recent studies including resistance-control will
provide superior strategies for treating HER2-positive
gastric cancer patients. In the meanwhile, considering the
low expression (6%-23%) of HER2 and modest effect
of ToGA trial (only 2.7 mo prolonged survival) in gastric
cancer, the development of a novel molecular targeted
therapy which has a more potent activity for gastric
cancer might be desirable.
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