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Introduction

Globally, gastric cancer is the fifth most common cancer 
and the third most common cause of cancer related death (1). 
It is estimated that 43,280 new cases of gastro-esophageal 
cancer will be diagnosed (2) and 26,420 deaths related to 
gastro-esophageal cancer will occur in the United States in 
2016 (2). 

The majority of patients diagnosed with gastric cancer 
present with advanced, incurable disease. Chemotherapy 

remains the standard of care treatment approach for 
patients with advanced stage disease however, response 
rates are relatively low and the prognosis is poor with a 
median survival of only 8–10 months. This underlines the 
importance of identifying potential therapeutic targets and 
developing targeted therapies to improve the outcomes of 
systemic treatment beyond those currently achieved with 
conventional chemotherapy.

As our understanding of cancer biology, cancer genomics 
and molecular oncology evolves we now recognize that 
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gastric cancer is not a single disease entity. Gastric cancer 
represents a conglomerate of histologically and biologically 
heterogeneous diseases, which are characterized by various 
genomic alterations that result in activation of molecular 
pathways. We know more about the biological behavior 
of gastric cancer and its intrinsic subtypes, particularly 
the human epidermal growth factor receptor-2 (HER2) 
amplified gastric cancer subtype. HER2 is the first validated 
therapeutic target in esophagogastric cancer.

The aim of this article is to review HER2-positive gastric 
cancer, the importance of cancer genomics in classifying 
this disease entity, the standard therapeutic options available 
and the future directions of clinical investigation.

Pathogenesis

One of the most important targets in human malignancy 
is the epidermal growth factor receptor (EGFR) family. 
This family includes EGFR/HER1, HER2/neu, HER3 
and HER4 (3). Each receptor consists of an extracellular 
ligand-binding domain, an intracellular domain with kinase 
activity and a short, lipophilic, transmembrane domain. 
These receptors are activated by ligand binding however, 
the specific ligand to HER2 has not been identified yet (4).  
The HER2-receptor is considered an orphan receptor 
that is ligand independent. It acts as a co-receptor that 
modulates signals after ligand binding to other receptors in 
the EGFR family. Homodimerization independently of a 
ligand and heterodimerization with other members of the 
EGFR family produces signals that activates downstream 
pathways including the Ras/Raf/mitogen-activated protein 
kinase (MAPK) and phosphatidylinositol-3 kinase/protein 
kinase-B/mammalian target of rapamycin (PI3K/Akt/
mTOR) pathways (5,6). Stimulation of these pathways 
influences many aspects of tumor cell biology including 
proliferation, differentiation, migration and apoptosis. The 
HER2/neu gene located on chromosome 17q21 encodes 
the HER2-protein. HER2/neu oncogene amplification 
results in HER2-receptor overexpression. This can enhance 
and prolong signals that produce advantageous properties 
for a malignant phenotype transformation by facilitating 
uncontrolled cell growth and tumorigenesis (7). 

Incidence

The phase III Trastuzumab for Gastric Cancer (ToGA) 
trial reported the incidence of HER2-positive gastric 
cancer to be 22% (8). HER2-overexpression in gastric 

cancer is dependent of the location of the primary tumor 
and ranges between 6–30% (8,9). The reported rates of 
HER2-positivity are highest in gastro-esophageal junction 
(GEJ) or stomach cardia tumors compared to tumors 
arising more distally in the stomach (10). Gastric cancer 
HER2-overexpression is also influenced by histological 
subtype. HER2-positivity is predominantly seen in Lauren’s 
intestinal type, well to moderately differentiated gastric 
cancers with a low prevalence in diffuse type gastric cancer 
(32% vs. 6%) (9). 

HER2 as a prognostic and predictive biomarker

Although, HER2-positivity selects the patients most likely 
to obtain benefit from HER2-targeted therapy some 
patients with HER2-positive gastric cancer experience 
primary resistance to HER2-directed therapy. Therefore, 
HER2-positivity alone is not an adequate predictive 
biomarker of response to HER2-targeted agents (11). The 
role of HER2-overexpression as a prognostic biomarker 
in gastroesophageal cancer is controversial. Retrospective 
studies have demonstrated HER2-positivity as a poor 
prognostic marker associated with increased risk of 
invasion, metastasis and worse survival (12,13). Surgical 
series have also determined HER2-status to be the second 
poorest prognostic marker after nodal status (14,15), while 
other studies have found no association between HER2 and 
prognosis in both early and advanced stage disease (16,17).

Detection of HER2-positivity

HER2-positivity is determined by quantification of the 
HER2 cell surface receptors via immunohistochemistry 
(IHC) and/or by measuring the number of HER2 gene copy 
numbers using fluorescent in-situ hybridization (FISH) 
techniques (Figure 1). 

In gastric cancer testing for HER2 is recommended in 
patients with inoperable, locally advanced, recurrent or 
metastatic disease in whom trastuzumab therapy is being 
considered (18). Determination of HER2-status via IHC is 
distinct for gastric cancer. The main difference in scoring 
HER2 IHC staining between gastric and breast cancer is 
that an incomplete basolateral or lateral staining alone in 
gastric cancer is considered positive in addition to complete 
membrane staining. This results in tumor heterogeneity 
and the potential for inaccuracy in the detection of HER2-
positive tumors. 

In gastric cancer HER2-positivity is determined by 3+ 
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scoring on IHC or FISH positivity (HER2: CEP 17 ratio 
≥2.0). Due to the higher rate of tumor heterogeneity and 
incomplete membranous reactivity seen in gastric cancer 
compared to breast cancer an IHC scoring criteria specific 
for HER2-overexpression in gastric cancer was devised (19).  
The IHC staining pattern that determines the highest 
level of HER2 expression by IHC (IHC 3+) is different 
depending on whether a surgical specimen or biopsy is 
tested. Basolateral or lateral membranous reactivity in ≥10% 
of tumor cells represents an IHC 3+ staining pattern in the 
setting of a surgical specimen. An IHC 3+ staining pattern 
on a tumor biopsy is determined by tumor cell clusters 
with a strong complete, basolateral or lateral membranous 
reactivity irrespective of percentage of tumor cells stained (8).

Tumors with equivocal IHC scores (2+) should be tested 
further using FISH or other in situ methods. Research 
efforts are endeavoring to improve the quality and 
precision with which HER2 status is determined in gastric 
cancer. A recent study suggested that the proteomics-
based collaborative enzyme enhanced reactive (CEER) 
immunoassay is a useful technique to investigate HER2 
expression in gastric cancer. CEER-based assays showed 
higher sensitivity and specificity as compared to IHC-
based assays (20). Another technique to consider is to use a 
quantitative variable, as used in breast cancer, that could be 
objectively measured, such as HER2 gene copy number or 
the HER2 amplification ratio, compared to the subjective 
IHC scoring assessment (21). 

Pathologic concordance

High concordance between HER2 status measured on the 
primary tumor and corresponding sites of metastatic disease 
has been reported in gastric cancer (17,22). This suggests 
that the evaluation of HER2 status in the primary tumor 
alone is sufficient to determine appropriateness for treatment 
with anti-HER2-therapy in gastro-esophageal cancer.

Management of HER2-positive gastro-
esophageal cancers

Inoperable locally advanced/metastatic disease

Trastuzumab is a monoclonal anti-body that binds to the 
extracellular domain of the HER2-receptor blocking its 
downstream signaling pathway. It promotes an antibody-
dependent cell-mediated cytotoxicity by activating apoptotic 
signals in tumor cells (23). 

The ToGA trial was the first phase III study to investigate 
the role of trastuzumab in the setting of HER2-positive 
gastric or GEJ cancer. This open-label, international 
trial randomized 594 patients to receive a combination 
of fluoropyrimidine and cisplatin administered every  
3 weeks for 6 cycles with or without trastuzumab. This study 
met its primary end point by demonstrating a significant 
improvement in overall survival favoring the trastuzumab 
arm (13.8 vs. 11.1 months; P=0.0046). Overall response rate 
was also significantly better in the trastuzumab arm (47% vs.  

Figure 1 HER2 testing algorithm. HER2, human epidermal growth factor receptor-2.
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35%, P=0.0017). However, this response rate highlights 
that the considerable proportion of individuals that are 
primary refractory to HER2-inhibition even in the presence 
of the drug target. An exploratory analysis identified that 
the patients with the highest level of HER2 expression 
(IHC2+ & FISH+ or IHC3+) compared to patients with 
FISH positivity and low level of HER2 expression via IHC 
(IHC 0 or 1 & FISH positive) derived the greatest benefit 
from trastuzumab in combination with chemotherapy (16.0 
vs. 11.8 months; HR 0.68; 95% CI, 0.5–0.83). This was 
not a preplanned exploratory analysis (8). However, as a 
consequence of this post-hoc exploratory analysis different 
requirements for the approval of trastuzumab in this 
indication have emerged in the US and in Europe.

The US Food and Drug Administration (FDA) granted 
trastuzumab approval for use in patients with advanced 
gastric cancer with positive FISH results or an IHC score 
3+ (24). The European Medicines Agency (EMA) limited 
the approval to patients with gastric cancers with HER2 
overexpression as defined by HER2 IHC score 2+, confirmed 
by a positive FISH result, or by HER2 IHC score of 3+ (25). 

The ToGA trial also demonstrated safety for the 
combination of trastuzumab with chemotherapy in gastric 
cancer. The rates of grade 3 or 4 adverse events were similar 
between the treatment groups. Notably, the proportion of 
patients that experienced cardiac dysfunction (defined as a 
≥10% drop in LVEF to an absolute value <50%) was low 
in both treatment arms [trastuzumab plus chemotherapy,  
11 (5%) of 237 vs. chemotherapy alone, two (1%) of 187] (8). 

First-line therapy

Following publication of the results of the ToGA trial, 
trastuzumab in combination it cisplatin/fluoropyrimidine 
became a standard first-line treatment for patients the 
HER2-positive advanced gastric cancer. Due to its more 
favorable toxicity profile flouropyrimidine in combination 
with oxaliplatin has become a preferred first-line treatment 
option for the management of advanced gastro-esophageal 
cancers. To date two phase II studies have explored the 
combination trastuzumab with capecitabine and oxaliplatin 
inpatients with HER2-positive advanced gastric cancer. 
Both studies demonstrated objective response rates of 67% 
and safety with this combination therapy (26,27). 

Second-line setting and beyond

Patients with advanced HER2-positive gastric cancer have 

limited options in the second-line setting and beyond. 
Management approaches include irinotecan or paclitaxel/
ramucirumab, enrollment in a clinical trial or best 
supportive care. Response rates to these treatment options 
are invariably low and outcomes are poor. In trastuzumab 
pre-treated patients with HER2-positive gastric cancer 
there is no data to support the continuation of trastuzumab 
in combination with chemotherapy beyond progression. 
In trastuzumab naive patients with HER2-positive gastric 
cancer progressing on first-line chemotherapy the benefit 
of adding trastuzumab to second-line chemotherapy also 
remains unknown.

HER2-targeted therapy in operable HER2-
positive gastric cancer

Incorporation of HER2-directed therapy in combination 
with neoadjuvant chemotherapy improves recurrence free 
and overall survival and increases the rate of pathologic 
complete response (pCR) achieved in breast cancer (28-30). 

Following the path of investigation paved by HER2-
positive breast cancer clinical researchers, the role of 
trastuzumab in early stage HER2-positive gastric cancer is 
being explored. The NeoHx study, examined perioperative 
trastuzumab in combination with capecitabine-oxaliplatin 
in 36 patients with resectable, HER2-positive gastro-
esophageal cancer. A partial response was observed in  
14 patients (39%). An R0 resection was achieved in 78%. 
The pathological complete response rate was 19% (n=7). 
The primary endpoint of the study, disease free survival 
(DFS) at 18 months, has not yet been reported (31). A 
number of studies are currently exploring the role of 
trastuzumab in the adjuvant and neoadjuvant setting of 
HER2-positive gastro-esophageal cancer. The TOXAG 
study (clinical trial number NCT01748773), is a single 
arm trial actively recruiting patients with resected HER2-
positive esophagogastric cancer to receive 3 cycles of 
adjuvant capecitabine/oxaliplatin and trastuzumab followed 
by 5 weeks of chemoradiotherapy. Adjuvant trastuzumab 
will be given for a duration of one year in this study. 
The HerFLOT study intends to evaluate pCR rate with 
trastuzumab in combination with a triplet chemotherapy 
regimen incorporating 5-fluorouracil, docetaxel and 
oxaliplatin in patients with locally advanced, resectable 
HER2-positive gastric adenocarcinoma (clinical trial 
number NCT01472029). Finally, the RTOG 1010 study 
(clinical trial number NCT01196390) is a large phase 
III study that aims to investigate the role of adding 
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trastuzumab to tri-modality therapy (carboplatin, paclitaxel 
and radiotherapy) in patients with HER2 overexpressing 
esophageal adenocarcinomas.

Alternative HER2-directed therapies

Lapatinib, pertuzumab and T-DM1 are all HER2-directed 
agents approved for HER2-positive breast cancer that were 
also explored in the HER2-positive gastric cancer arena.

Lapatinib

Lapatinib is a small molecule, reversible tyrosine kinase, dual 
inhibitor of HER2 and EGFR. It binds to the intracellular 
domain of these targets and prevents activation of PI3K and 
Ras pathways. This results in downregulation of receptor 
tyrosine kinase phosphorylation in tumor cells. Preclinical 
data identified single-agent activity for lapatinib in a HER2-
positive NCI-N87 gastric cancer model (32). However, 
lapatinib failed to live up to its potential promise in the 
clinical setting. Lapatinib demonstrated only modest single 
agent activity in the first line setting of an unselected group of 
advanced gastric cancer patients. It yielded a response rate of 
9% (33). Two large phase III studies incorporating lapatinib in 
combination with chemotherapy in advanced HER2-positive 
gastric cancer failed to reach their primary endpoints. The 
TyTAN trial assessed the efficacy of paclitaxel with or without 
lapatinib in the second-line setting of an Asian population 
with HER2-FISH amplified advanced gastric cancer (34). 
The LOGiC study combined lapatinib with capecitabine/
oxaliplatin in treatment naive patients with advanced 
HER2-FISH amplified esophagogastric cancers (35).  
Lapatinib prolonged median overall survival by almost two 
months in both studies. However, this improvement in OS 
did not reach statistical significance in either study. Both 
trials were ultimately classified as negative studies. In the 
LOGiC trial, a preplanned exploratory subgroup analysis 
demonstrated a significant improvement in overall survival 
in Asian patients [16.5 vs. 10.9 months; hazard ratio (HR), 
0.68; 95% CI, 0.48–0.96; P=0.0261] and in younger patients  
(12.9 vs. 9.0 months; HR, 0.69; 95% CI, 0.51–0.94; 
P=0.0141). However, HER2 status is not known to vary 
based on these patient characteristics, which are unreliable 
predictors of outcome in this setting. In the TyTAN study, 
a preplanned subgroup analysis demonstrated that patients 
with HER2-IHC 3+ tumors that received the lapatinib 
containing regimen had improved median OS compared to 
those that received paclitaxel alone (14.0 vs. 7.6 months; HR, 

0.59; P=0.0176). Notably, no correlation was observed in the 
LOGiC trial between HER2 IHC status and survival. 

Pertuzumab 

Pertuzumab is a recombinant, humanized, monoclonal 
antibody that targets HER2. It binds to the dimerization 
domain (extracellular domain II) of HER2 and disrupts ligand 
induced HER2 heterodimerization with other activated 
HER receptors and prevents HER2 pathway signaling. 
The HER2/HER3 dimer is the most potent signaling 
dimer (36). Up regulation of HER3 has been identified 
as a mechanism of resistance to HER2-targeted therapy 
in HER2-driven tumors. Pertuzumab has the potential 
to overcome this mechanism of resistance. Preclinical 
studies incorporating HER2-positive gastric cancer 
xenografts models have demonstrated more potent anti-
tumor activity with dual HER2-blockade (pertuzumab and 
trastuzumab) compared to pertuzumab monotherapy (37).  
There are a number of clinical trials investigating the 
role of trastuzumab and pertuzumab in combination with 
chemotherapy in the first line and neoadjuvant setting 
of HER2-positive, gastro-esophageal adenocarcinoma 
(clinical trial numbers NCT01461057, NCT01774786, 
NCT02205047 and NCT02581462). 

T-DM1

T-DM1 is an antibody-drug conjugate of trastuzumab and 
emtansine (DM1) 1, a microtubule inhibitor. Antibody-drug 
conjugates deliver cytotoxic drugs directly to cancer cells. 
In the advanced breast cancer setting T-DM1 has been 
associated with significant efficacy and minimal toxicity 
even in heavily pretreated with patients (38). This makes it 
an attractive, potential therapeutic option for patients with 
advanced gastric cancers. In the preclinical setting, T-DM1 
demonstrated greater antitumor activity than trastuzumab 
in gastric cancer models (39). The efficacy of T-DM1 
compared to a taxane, in the second line setting, in patients 
with advanced, trastuzumab refractory, HER2-positive 
gastric cancer was evaluated in the GATSBY, phase II/III, 
trial. The results of this study were recently reported. The 
study randomized 415 patients: 228 to T-DM1 weekly and 
117 to a taxane (weekly paclitaxel or docetaxel 3 weekly). 
An independent data monitoring committee selected 
T-DM1 once weekly for further study and the majority of 
patients were randomized to this or a taxane, however 70 
patients had previously been randomized to T-DM1 every 
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three weeks but were not included in the results. This 
study failed to meet its primary endpoint and conveyed no 
significant difference in median overall survival between 
the taxane-monotherapy and T-DM1 arms [8.6 vs. 7.9;  
HR 1.15 (0.87–1.51); P=0.86]. The objective response rate 
was similar between both arms while T-DM1 was slightly 
better tolerated (40).

The HER2 biology in gastric versus breast 
tumors

HER2-overexpression/amplification is an established 
therapeutic target in breast and gastro-esophageal cancer. 
Can we think of all HER2-positive tumors as being alike 
irrespective of their site of origin?

The body of preclinical and clinical experience of these 
diseases suggests that the answer is—No. Similarities do 
exist between HER2-positive breast and gastric cancer, 
in terms of the incidence of HER2-positivity, pathologic 
concordance rates and until recently their management 
in the first-line metastatic setting. However, differences 
are also apparent including how we detect and determine 
HER2-positivity and the prognostic capabilities of the 
biomarker in each tumor type. Notably, lapatinib identified 
as a standard of care therapeutic for the management of 
advanced HER2-positive breast cancer was not shown to 
provide clinically meaningful benefit in HER2-positive 
gastro-esophageal cancer. 

HER2-overexpression was identified as an important 
therapeutic target in breast cancer 15 years ago. Research has 
continued to investigate potential mechanisms of resistance to 
HER2-targeted therapy and this has led to the development 
of alternative HER2-directed therapies. In parallel, significant 
improvement in patients outcomes are now commonly 
observed. For example, the median overall survival of 
treatment naïve, women presenting with advanced HER2-
positive breast cancer treated with dual HER2-blockade and 
chemotherapy is 3.5 times longer than that seen in women 
treated with chemotherapy and trastuzumab alone (41).

However, although HER2-positive esophagogastric cancer 
cannot be viewed as the breast cancer of gastrointestinal 
tumors it does not mean that the information generated 
from breast cancer research cannot provide meaningful 
information relevant to esophagogastric cancers.

Ultimately, we have learned from developments in breast 
cancer to examine each patient’s tumor individually using 
comprehensive molecular and genomic analyses. Each 
patient’s tumor carries a unique genetic signature. The key 

is to understand how the molecular and signaling effects of 
the gene signature relate to and predict for response and 
resistance to HER2- and other targeted therapies.

Future directions of clinical investigation in 
HER2-positive gastric cancer

Genomic sequencing

T h e  m a j o r i t y  o f  p a t i e n t s  w i t h  H E R 2 - p o s i t i v e 
esophagogastric cancer treated with trastuzumab develop 
resistance. The exact mechanisms underlying this resistance 
are unknown. Tumor heterogeneity and interactions 
between HER2 and other signaling pathways including 
receptor tyrosine kinase signaling provide potential means 
for signal diversification and tumor escape from HER2-
blockade. 

Significant research efforts have been made to define 
the complexity and heterogeneity of gastric cancer through 
the development of various classification systems using 
tumor characteristics reflecting histology (42), anatomic  
site (42), gene expression (43), gene amplification (43), 
DNA methylation or oncogenic pathways (44). Recently, 
emphasis has focused upon the categorization of gastric 
cancer into distinct molecular entities. As part of The 
Cancer Genome Atlas (TCGA) project, comprehensive 
molecular evaluation of 295-treatment naive, primary 
gastric adenocarcinomas were performed. Four molecularly 
distinct gastric cancer subgroups were identified and 
categorized as follows: EBV-positive (9%); microsatellite 
instability (MSI)-high (22%); genomically stable [absence of 
extensive somatic copy number alterations (SCNAs)] (20%); 
and those exhibiting chromosomal instability (CIN; 50%). 
Integrative pathway analysis was performed in an attempt to 
characterize the potentially actionable genomic alterations 
frequently identified within each molecular subgroup. EBV-
enriched tumors showed evidence of hypermethylation and 
harbored PIK3CA mutations (80%), PD-L1/2 amplification, 
recurrent JAK2 and HER2-amplifications. MSI-high 
tumors generally lacked targetable amplifications but 
were associated with DNA hypermethylation and elevated 
somatic mutation rates including mutations of PIK3CA 
(42%) and ERBB3 (26%). Genomically stable tumors 
lacked aneuploidy, hypermethylation and hypermutation. 
A third of this group exhibited recurrent RHOA mutations 
and CLDN18 events. Finally, CIN tumors were shown to 
have frequent oncogenic amplifications of receptor tyrosine 
kinases including HER2 (24%), VEGFR2 and cell cycle 
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mediators (CCNE1, CCND1 and CDK6) (44,45).
At Memorial Sloan Kettering Cancer Center, molecular 

profiling of tumor from patients with advanced gastric 
cancer is routinely performed using the Integrated 
Mutation Profiling of Actionable Cancer Targets (MSK-
IMPACTTM) assay. This next generation sequencing assay 
can identify point mutations, small insertion or deletion 
events and gene-copy-number aberrations in 410 cancer-
associated genes. MSKCC gastric cancer specific IMPACT 
data was recently compared with the TCGA gastric cancer 
data. An over-representation of the CIN subtype was seen 
in the MSKCC cohort (65% versus 50% in TCGA). The 
remaining tumors in the MSKCC dataset were classified as 
chromosomally stable (29%), EBV-enriched (<3%) and MSI 
(<3%) (46) (Figure 2). Notably, the MSKCC data reflects a 
metastatic esophagogastric cancer population whereas the 
TCGA data included treatment naïve patients only and used 
the primary tumor tissue for analysis. This suggests that the 
inherent molecular profile of a gastric cancer changes from 
the primary treatment naïve state to the metastatic setting 
with higher proportions of p53 mutations evident in the 
pretreated population. 

As the genomic landscape of gastric cancer continues to 
evolve efforts are centered upon establishing the clinical 
relevance of these distinct molecular subtypes. The Asian 
Cancer Research group utilizing gene expression data from 
251 patients with gastric cancer identified four molecular 
subtypes: the mesenchymal-like type; MSI-high type, TP53-
active and TP53-inactive types (47). They correlated each 
molecular subtype with survival outcome and patterns of 
recurrence. The MSI subtype has the best prognosis followed 
by MSS/TP53+ and MSS/TP53−, with the MSS/EMT 
subtype displaying the worst prognosis (log-rank, P=0.0004). 
In terms of recurrence patterns the MSS/EMT group 

displayed a higher chance of recurrence compared to the 
MSI group (63% versus 23%). The ACRG validated their 
molecular sub-classification system using the TCGA (44)  
and the Gastric Cancer Project ’08 Singapore datasets (48).  
Comparison of the ACRG subtypes with the TCGA genomic 
subtypes when applied to both ACRG and TCGA cohorts 
showed significant overlap and similarities between the 
respective molecular subtypes identified by each classification 
system. Both systems identified MSI-high tumors as a 
molecularly distinct subgroup. The TCGA genomically 
stable, EBV positive and CIN subtypes were enriched in 
ACRG microsatellite stable (MSS)/EMT, MSS/TP53+ve and 
MSS/TP53-ve subtypes, respectively. The ACRG explored 
copy number profiles in terms of focal amplifications in 
known cancer genes and chromosome-wise copy number 
variation highlighted that chromosomal instability was 
significantly associated with TP53 mutations (Fisher’s test, 
P=0.01) and the MSS/TP53− subtype (Fisher’s test, P=8e−6). 
Recurrent focal amplifications in HER2 and other genes 
such as EGFR, CCNE1 and CCND1 were most prevalent 
in the MSS/TP53-ve subgroup. These gene amplifications 
also tended towards mutual exclusivity in the MSS/TP53− 
subtype (P=0.05). HER2-positive tumors are molecularly 
characterized by dependency on tyrosine kinase signaling. It 
is possible that the development of recurrent amplifications 
in key receptor tyrosine kinases including EGFR, HER3, 
HER4 and MET contribute to resistance to HER2-targeted 
therapy. 

Routine incorporation of next generation sequencing 
analysis of HER2-positive gastric tumors of clinical trial 
participants may help to identify gene signatures that are 
predictive of resistance to HER2-targeted therapy (49). 

Molecular classification of gastric tumors provides the 
opportunity to investigate new-targeted therapies in a 
molecularly refined; select patient population most likely to 
gain benefit from the therapeutic agent under evaluation. 
For example, recurrent focal gene amplifications in HER2 
and EGFR most frequently occur in the MSS/TP53-ve 
gastric subgroup. Given the mutual exclusivity of these 
alterations and the uniform molecular background of these 
tumors this identifies a patient population in which to 
explore novel HER2-directed or EGFR targeted therapies. 
Molecular categorization and definition of gastric cancers 
also highlights new potential therapeutic targets. Preclinical 
models that reflect the four molecularly distinct subtypes 
can be developed to facilitate the necessary preclinical work 
to identify promising new-targeted treatments for gastric 
cancer. 

Figure 2 A comparison of tumor genomic profiling in gastric 
cancer.
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Patient-derived xenografts (PDXs)

Preclinical models including cell culture lines and mouse 
xenografts often fail to accurately incorporate the tumor 
microenvironment and replicate the complex interactions 
that occur between tumor cells and the immune system which 
are key players in tumor proliferation and metastasis (50).  
Consequently, these preclinical models have variable 
predictive power in the translation of new therapies in to 
the clinical arena (51). PDXs represent a novel method 
to reproduce the complexities of the gastric cancer 
microenvironment in a preclinical setting. PDXs involve 
the transfer of tumor tissue directly from the patient to 
an immunodeficient mouse. One study has established 
PDX models, which reflect patients with esophagogastric 
cancers with HER2-positive, MET-positive, CDH1 germ-
line mutant and diffuse/signet ring pathological features 
(Figure 3). This study highlighted the challenges associated 
with developing PDXs including relatively low rates of 
tumor engraftment. The tumor engraftment rate was 46% 
for PDXs created in an orthotopic (direct implantation 
of tumor into a specific mouse organ) fashion and 26% 
for those with heterotopic (direct implantation of tumor 
into the subcutaneous tissue of the mouse) implants (52). 
Other factors limiting their use include the higher cost and 
specialized maintenance associated with PDXs compared 
to cultured cell lines. However, despite these limitations 

PDXs are an exciting preclinical development that provides 
the platform to validate differences in tumor biology and 
inform the rational design of future clinical trials.

Novel alternative HER2-targeted therapies 

Innovations in molecular oncology and developmental 
therapeutics that may overcome potential resistance 
pathways in HER2-positive gastric cancers include pan-
HER TKIs, mTOR and MET inhibitors.

Pan-HER TKI inhibition: afatinib, neratinib, dacomitinib

Afatinib is an irreversible inhibitor of EGFR, HER2 
and HER4. Preclinical data demonstrated potent anti-
tumor activity of afatinib in an NCI-N87 HER2-positive 
esophagogastric cancer xenograft. The addition of afatinib 
to trastuzumab produced greater anti-tumor efficacy than 
either drug alone (53). Safety and efficacy for afatinib has 
been demonstrated in a phase II study involving trastuzumab 
refractory patients with advanced HER2-positive (IHC 3+ 
or FISH amplified) esophagogastric adenocarcinomas. In 
19 out of 20 evaluable patients a disease stabilization rate 
(partial response and stable disease) of 42% at four months 
was reported (54). An expansion cohort looking at the safety 
and efficacy of afatinib in combination with trastuzumab is 
actively recruiting (clinical trial number NCT01522768). 

Figure 3 Patient derived xenografts—a novel preclinical mouse model. Genomic sequencing of patient derived xenografts from patients 
with gastric cancer identifies the molecularly distinct gastric cancer subtypes. In this graph each row represents a patient derived xenograft 
(PDX). Ten PDXs have been analyzed with 7 tumors clustering with the chromosomal instability (CIN) subtype, 1 with the microsatellite 
instability (MSI), subtype and 2 genomically stable. 
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Neratinib is a pan-HER TKI that has shown promising 
results in advanced, trastuzumab pre-treated, HER2-
positive breast cancer (55). The efficacy of neratinib is 
being explored in other solid tumors with HER2, HER3 
or EGFR mutations in a multicenter, open-label, phase II 
study (clinical trial number NCT 01953926). 

Dacomitinib is an irreversible, pan-HER inhibitor that 
binds to the adenosine triphosphate domain of each of the 
three kinase-active members of the HER family: HER1, 
HER2 and HER4. In preclinical studies dacomitinib 
produced strong anti-tumor activity in HER2-positive 
gastric cancer cell lines. Dacomitinib was shown to be 
synergistic with chemotherapy and molecularly targeted 
agents including trastuzumab (56). A small, phase II 
study has recently demonstrated single agent activity for 
dacomitinib in previously treated patients with advanced 
HER2-positive gastric cancer. The disease control rate was 
40.7% (n=11/27; 95% CI, 21.9–59.6%) with 7.4% (n=2/27; 
(95% CI, 0–17.5%) experiencing a partial response. A 
tolerable safety profile was also documented (57). These 
results suggest that simultaneous targeting of EGFR/pan 
HER may be a potential therapeutic avenue in patients 
with metastatic, trastuzumab resistant, HER2-positive 
esophagogastric cancer via potent signaling inhibition.

mTOR inhibition

Dysregulation of the HER2 downstream signal substrate, 
including PI3K/Akt/mTOR pathway is associated with 
trastuzumab resistance. PI3K mutations and phosphate and 
tensin homolog (PTEN) inactivation result in activation of 
downstream signals, which may affect the effectiveness of 
HER2-directed therapy. Everolimus is an mTOR inhibitor. 
The combination of everolimus with anti-HER2-therapy 
represents a potential combination strategy to consider in 
HER2-positive esophagogastric cancer. The BOLERO3 
study explored this strategy in combination with vinorelbine 
in an advanced trastuzumab refractory breast cancer 
setting. The study was positive yielding a significant, albeit 
modest improvement in median progression free survival. 
However the toxicity observed with this combination was 
considerable (58).

MET inhibition

MET signaling has also been implicated as a mechanism 
for resistance to HER2-targeted therapy. The combination 
of a MET inhibitor with anti-HER2 therapy may facilitate 

efficacy and help to overcome resistance to HER2-directed 
therapy (6).

Pharmacokinetic and pharmacodynamic factors may 
contribute to resistance to HER2-directed therapies

We know that trastuzumab pharmacokinetics differs in the 
setting of breast and gastric cancer. Pharmacokinetics data 
from the ToGA trial demonstrated a rate of trastuzumab 
clearance of 0.378 L/d based on the standard dosing 
schedule. This represents a 70% higher rate of trastuzumab 
clearance in patients with gastro-esophageal cancer than 
the rates observed in trastuzumab-treated patients with 
metastatic breast cancer (59,60). The clinical relevance of 
the pharmacokinetic differences of trastuzumab observed in 
patients with gastro-esophageal cancer compared to breast 
cancer has not been defined. The HELOISE study aims to 
address this question. It is a randomized phase IIIb study 
that aims to compare two different trastuzumab dosing 
regimens in combination with cisplatin/capecitabine in 
treatment naïve, metastatic, HER2-positive esophagogastric 
adenocarcinomas. The trastuzumab dosing schedules being 
investigated in this trial includes the standard dose versus a 
higher dosing schedule of 8 mg/kg loading dose followed by 
10 mg/kg every 3 week.

Poor drug absorption may also contribute to drug 
resistance and may be especially important in orally 
administered drugs. In general, early phase studies focus 
on toxicity assessments in order to establish the maximum 
tolerated dose and radiological assessments in order to 
determine a drug’s therapeutic activity. However, molecularly 
targeted agents necessitate target engagement in order to 
exert their effect. To date this fundamental specification 
unique to targeted therapeutics has been relatively ignored 
during the clinical therapeutic developmental process. 
In an attempt to address this issue early phase studies are 
increasingly incorporating tumor tissue correlative analyses 
using biopsies from baseline and shortly after trial initiation 
to characterize the effects of targeted drugs at a molecular 
level. However, analyses of small biopsy specimens fail to 
provide the whole picture and disregard the heterogeneity 
that exists within the remaining tumor tissue. In the future, 
it may be possible to capture this information using liquid 
biopsies utilizing whole-exome sequencing of circulating 
tumor DNA however further research is required to 
determine this.

89Zr-trastuzumab PET represents a useful non-invasive 
pharmacodynamic biomarker that can serially monitor 
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therapeutic target engagement and functional activity in the 
entire tumor over a prolonged period of time. Trastuzumab 
labeled with 89zirconium (Zr) (t1/2) used as a positron 
emission tomography (PET) imaging tracer has been shown 
to successfully delineate HER2-positive gastric cancer and 
monitor the pharmacodynamics effects of afatinib (53)  
and other HER2-directed therapies (clinical trial number 
NCT02023996). This form of functional imaging is 
superior to [18F] fluorodeoxyglucose PET in evaluating 
HER2-directed therapy in HER2-positive gastric tumors 
because it is HER2-specific.

Conclusions

Significant progress has been made to stratify gastric 
tumors into molecular subtypes linked to distinct patterns 
of molecular alterations, disease progression and prognosis 
(44,47). Gastric cancer was once seen as a single disease 
entity and is now known to encompass a molecularly 
heterogeneous group of cancers. HER2-overexpression/
amplification is an established therapeutic target in 
advanced gastric cancer. Trastuzumab in combination 
with chemotherapy was the first molecularly targeted 
agent to demonstrate improvement in response rates and 
overall survival in the setting of advanced HER2-positive 
gastric cancer. Trastuzumab is now being explored in the 
adjuvant and neoadjuvant setting. Alternative HER2-
directed therapies, such as pertuzumab and TDM-1, with 
known clinical benefit in HER2-positive breast cancer 
have also been explored in the setting of HER2-positive 
gastric cancer. However, similar to HER2-positive breast 
cancer, patients with HER2-positive gastric cancer are 
primary refractory or acquire resistance to trastuzumab 
therapy. Novel HER2-directed therapies including pan-
HER TKIs, MET and mTOR inhibitors and dual HER2-
blockade offer promise as potential therapeutic strategies 
to overcome mechanisms of resistance to trastuzumab. 
The molecular classification system identified through 
next generation sequencing of gastric tumors provides the 
platform to identify new therapeutic targets and develop 
rational therapeutics for molecularly distinct subtypes of 
gastric cancer. The landscape of future clinical investigation 
in gastric cancer will be very different from the traditional 
clinical trial design. The success of future molecular 
specific studies will depend on the incorporation of next 
generation sequencing to refine patient selection and the 
use of tissue correlative and functional imaging to enhance 
our understanding of the biology of esophagogastric cancer. 

The hope is that this will lead to clinically meaningful 
progress for gastric cancer patients similar to that witnessed 
amongst other molecularly sophisticated tumors, such 
as breast cancer, lung cancer and melanoma over the last 
decade.
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