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ABSTRACT 
Gastric cancer is the second most common cause of cancer 
related death worldwide. Over 20% of the advanced gastric 
cancer are considered to be HER-2 positive. Studies 
investigating the prognosis of HER-2 positive advanced 
gastric cancer revealed conflicting results. Trastuzumab, a 
monoclonal antibody against HER-2, has shown a significant 
clinical activity in HER-2 positive gastric cancer patients. In 
this review, I will briefly summarize the clinical studies of 
anti-HER-2 therapies performed in HER-2 positive gastric 
carcinoma. 
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Introduction

Mortality rate of upper gastrointestinal (GI) tract 
malignancies is very high. Survival rates for gastric cancers 
are among the worst reported for any malignancy. The 
reason for poor prognosis is considered to be due to early 
metastatic dissemination tendency of upper GI cancers 
[1,2]. Although gastric cancer incidence is much lower 
in western Europe and United States than in eatern Asia, 
gastroesophageal, cardia and lower esophageal cancer 
incidence has incerased in Europe and in United States. 

In general, curative approach is not possible for locally 
advanced unresectable and metastatic gastroesophageal 
cancers. Thus, symptom palliation and survival prolongation 
are the main goals of treatment in these advanced cancers. 
Both local and/or systemic palliative modalities for 
advanced gastro-esophageal cancers may be applied for 
symptoms relief. Endoscopic, surgical, or radiotherapeutic 
modalities can successfully be applied for symptoms such 
as pain, obstruction, perforation, or bleeding. Systemic 
therapy is the most effective treatment modality for patients 
with metastatic disease and it may adequately palliate cancer 
related symptoms and improve survival rates. Although, there 
are many randomized clinical trials, there is no consensus 
indicating the best regimen for the first line chemotherapy 
in advanced gastric cancer. Combination chemotherapy 
regimens are more effective than monotherapy in terms of 
response rates but only moderate improvements in overall 
survival have been reported. Despite many improvements 
in this cancer, even in patients treated with three drug 
combination chemotherapies, the median overall survival is 
less than a year in advanced gastric cancer [3, 4]. As in other 
cancers, the addition of targeted drugs to the combination 
chemotherapies in advanced gastric cancer was hoped to 
improve survival rates in this poor prognosis cancer. Here 
in this overview, I will review the overexpression and or 
amplification of human epidermal growth factor receptor 
2 (HER-2), and  the efficacy of anti-HER-2 therapy in 
advanced gastric cancer.

The human epidermal growth factor receptor-2 
(HER-2)

The HER-2 gene is located on chromosome 17q21. It is 
also known as HER-2/neu or ERBB-2. HER-2 is a 185 
Kd glycoprotein having tyrosine kinase activity and is 



12 Dane
HER-2 directed therapies in advanced gastric cancer Marmara Medical Journal 2015; 28 (Special issue 1): 11-15

the product of the HER-2/neu oncogene [5]. It has been 
demonstrated that HER-2 is important in cell proliferation, 
differentiation, adhesion, invasion and metastasis, tumor 
induced neoangiogenesis, and survival via activation of the 
cellular pathways RAS-RAF-MEK-MAPK and PI3K/Akt/
mTOR.

The rationale for anti-HER-2 therapy in gastric 
cancer

Amplification of the c-erb-B-2 gene in a gastric cancer 
cell line MKN-7 was first described in 1986 by Yamamoto 
et al [6]. Overall, approximately 7 to 22 percent of 
esophagogastric cancers overexpress HER-2 [7-9]. HER-
2 overexpression was positive immunohistocemically in 
17.6% of 3264 specimen. Concordance between FISH and 
IHC was 93.5% in 168 evaluable samples. Eleven samples 
were scored as FISH+ but IHC- or equivocal [10]. In the 
same study, HER-2 amplification was positive in 19.2% 
of 1232 gastric cancer samples.  HER-2 positivity is more 
common with intestinal-type than with diffuse-type gastric 
cancers or mixed (32% vs. 6% vs. 20% p:0.001) [11]. Her-2 
overexpression is more common in esofagogastric junction 
than gastric tumors. Since HER-2 positive clones comprise 
only a small proportion of the tumor in gastric cancers, a 
high degree of intratumoral HER-2 heterogeneity has 
been reported in gastric cancer [10,12]. Tissue samples, 
specifically biopsies, may miss HER-2 overexpressed region 
of the tumor and therefore be interpreated as false negative 
due to this intratumoral heterogeneity.

The association between HER-2 overexpression or 
amplification and prognosis in esophagogastric cancer 
remains unknown. Retrospective evaluations of HER-2 
expression and gene amplification in relation to prognosis 
for gastric/esophagogastric junction (EGJ) adenocarcinomas 
have been performed in at least seven studies of 
prospectively enrolled clinical trial cohorts [13-19]. The 
results are conflicting. Four studies found that HER-2 
was not associated with prognosis.  While two studies 
reported a significant positive association and another study 
showed a trend toward improved survival with HER-2 
overexpression. In one study, HER-2 overexpression was 
associated with shorter survival, but only among patients 
who received adjuvant postoperative chemoradiotherapy 
after potentially curative resection. Additionally, in a meta-
analysis containing 11337 patients from 49 gastric cancer 
studies (stage I to IV), patients with HER-2 overexpression 
had shorter five-year overall survival than HER-2 negative 
patients (42% vs. 52%) [20].

Clinical data of anti-HER-2 therapy in advanced 
gastric cancer

Trastuzumab — Today, all patients with advanced 
gastric cancer should be recommended for HER-2 testing. 
The benefit of trastuzumab in advanced HER-2 positive 
adenocarcinoma of the stomach or EGJ was addressed in 
the phase III ToGA trial (21). In this study, patients were 
randomised for standart chemotherapy (six courses of 
cisplatin plus either infusional 5-FU or capecitabine) with 
or without trastuzumab (8 mg/kg loading dose, then 6 mg/kg 
every three weeks until disease progression). All tumors were 
screened for HER-2 status by both immunohistochemistry 
(IHC) and FISH. Patients were eligible if their tumor was 
positive by either IHC (defined as showing 3+ expression) 
or FISH (defined as showing a HER2/CEP17 ratio of 2 
or greater). All enrolled 594 patients were FISH positive, 
whereas protein expression by IHC varied (47 percent 3+, 
30 percent 2+, and 22 percent 0 or 1+). A 22.1% HER-2 
positivity rate was reported, with the highest proportion 
in esophagogastric junction tumours (33.2% compared to 
20.9% in gastric tumours, p < 0.001) and intestinal-type 
cancers (32.2% compared to 6.1% of diffuse and 20.4% of 
mixed types, p < 0.001). The study met the primary endpoint 
of improved overall survival, as well as secondary endpoints 
of improved progression-free survival and response rate. 
The objective response rate was significantly higher with 
trastuzumab (47% vs. 35%). At a median follow-up about 
18 months, median overall survival was significantly better 
with trastuzumab (13.8 vs. 11.1 months). The toxicities in 
two arms were comparable, except that a higher number of 
trastuzumab-treated patients had grade 3 or 4 diarrhea (9% 
vs. 4%) and an asymptomatic decrease in left ventricular 
ejection fraction (LVEF, 5% vs. 1%). Only one patient 
developed grade 3 to 4 heart failure (versus two in the 
control group). Exploratory analysis in subgroups defined 
by protein expression suggested that trastuzumab was most 
effective in prolonging survival in the subgroup of patients 
with IHC 3+ tumors (16 months vs. 11.8 months, hazard 
ratio (HR) for death 0.66, 95% confidence interval (CI) 
0.50-0.87), less effective in patients with IHC 2+ tumors 
(HR 0.78, 95% CI 0.55-1.10), and ineffective in those with 
HER-2 gene-amplified (ie, FISH-positive) but non-protein-
expressing (IHC 0 or 1+) tumors.

Based upon these data, trastuzumab was approved in 
USA, in Europe, in Turkey, and in many other countries 
in combination with cisplatin and a fluoropyrimidine, 
for the treatment of patients with IHC3+ or IHC 2+/
FISH+ metastatic HER-2-overexpressing gastric or EGJ 
adenocarcinomas who have not received prior treatment for 
metastatic disease.
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Recently, in a phase 2 study, combination of trastuzumab 
and capecitabine-oxaliplatin was shown to be well tolerated 
and highly effective in patients with HER-2 positive advanced 
gastric cancer. In this study, investigators enrolled 55 HER-
2 positive previously untreated advanced gastric cancer 
patients. The primary end-point was the objective response 
rate, and secondary end-points included progression-free 
survival, overall survival and toxicity profiles. Confirmed 
objective response rate was 67% (95% CI 54-80%). After a 
median follow-up period of 13.8 months, median PFS and 
OS were 9.8 months and 21 months, respectively. Frequently 
encountered grade 3-4 toxicities included neutropenia (18%), 
anaemia (11%), and peripheral neuropathy (11%). Although 
the study is a phase 2 study, over 20 months overall survival 
data implies that this regimen is very promising and thus 
may be investigated in further studies (22).

If a patient progresses while on a first-line trastuzumab 
based regimen for HER-2 positive gastric cancer, today, 
there is no data demonstrating the benefit of continuing 
trastuzumab with the second-line regimen.

Lapatinib — Lapatinib is an orally active small molecule 
inhibitor of both EGFR and HER-2. The activity of lapatinib 
has been studied in some phase II studies and modest single 
agent activity was observed. Most recently, the activiy of 
lapatinib in combination with chemotherapy in metastatic 
HER-2 positive gastric cancer has been evaluated in two 
phase III studies. In the double blind LOGIC trial, 545 
patients were randomized (1:1) to capecitabine/oxaliplatin 
chemotherapy with or without lapatinib. In a preliminary 
report presented at 2013 ASCO annual meeting, the primary 
endpoint (overall survival of the patients who were centrally 
confirmed to be FISH positive for HER-2) was not met 
(HR for OS: 0.91, [95% CI: 0.73; 1.12]; p = 0.35). Median 
survival was 12.2 versus 10.5 months in the lapatinib versus 
control arm, respectively. Subgroup analysis revealed that 
Asian patients (median survival 16.5 versus 10.9 months, 
HR 0.68) and those younger than 60 years (median survival 
12.9 versus 9 months, HR 0.69) seemed to benefit from 
the addition of lapatinib (23). The addition of lapatinib 
increased toxicity such as diarrhea, rash, palmar-plantar 
erythrodysesthesias. TYTAN study compared adding 
lapatinib with paclitaxel versus paclitaxel alone in the 
second-line treatment of Asian patients. About 261 HER-
2-amplified patients were enrolled [24]. Median OS was 
11.0 months for lapatinib/paclitaxel and 8.9 months for 
paclitaxel alone in the intent-to-treat population (HR: 0.84; 
p = 0.2088). In a preplanned subgroup analysis, median OS 
in HER-2 IHC 3+ subgroup was 14.0 months for lapatinib/
paclitaxel and 7.6 months for paclitaxel alone (p = 0.0176). 
Therefore, neither in patients with previously untreated 

advanced gastric cancer, nor in second line setting, benefit of 
adding lapatinib to chemotherapy (capecitabine/oxaliplatin 
and paclitaxel respectively) could be demonstrated. Because 
of the results of these two randomised phase III studies, 
until further information becomes available, lapatinib can 
not be recommended as initial therapy for the treatment of 
advanced esophagogastric cancer.

Ongoing phase 3 studies targeting HER-2

There are some phase II/III studies evaluating the clinical 
activity of pertuzumab or trastuzumab-emtansine (TDM1) 
in advanced HER-2 positive gastric cancer in the first and 
second line setting. In the JACOP study, an international 
double blind and placebo controlled phase III trial, patients 
with metastatic gastric or GEJ cancer are being randomized 
1:1 to receive pertuzumab, trastuzumab and chemotherapy or 
the same regimen replacing pertuzumab with placebo [25]. 
The primary endpoint of the study is OS. GATSBY study 
is a phase II/III study comparing the safety and efficacy 
of TDM1 to taxanes in previously treated HER-2 positive 
gastric cancer [26]. In the phase II TOXAG study, safety and 
efficacy of trastuzumab plus capesitabine/oxaliplatin and 
capesitabine-radiation is evaluated in curatively resected 
HER-2 positive gastric cancer in the adjuvant setting [27]. 
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