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Abstract. The present study aimed to evaluate the efficacy 
and safety of trastuzumab plus chemotherapy for patients 
with unresectable advanced or recurrent gastric cancer. 
A retrospective analysis of 213 patients with unresectable 
advanced or recurrent gastric cancer who received systemic 
chemotherapy, including 15 patients who were also administered 
trastuzumab, at Kochi Medical School between 2007 and 2013 
was performed. The overall survival was compared between 
patients who received trastuzumab plus chemotherapy and 
patients who received chemotherapy alone, and the safety and 
efficacy of the trastuzumab‑containing regimen was evalu-
ated. Human epidermal growth factor receptor (HER)2 status 
was examined in 86 patients, of whom 15 (17.4%) exhibited 
strong positive HER2 expression. The rate of strong positive 
HER2 expression was significantly higher for intestinal type 
tumors compared with diffuse type tumors [23.6  (13/55) 
vs. 6.5% (2/31); P=0.044]. The median overall survival of the 
patients treated with trastuzumab was significantly longer 
compared with that for patients who were not treated with 
trastuzumab (22.9 vs. 11.6 months; P=0.014). The objective 
response rate and disease control rate for trastuzumab plus 
chemotherapy were 46.7 and 86.7%, respectively. Frequently 
encountered grade  3‑4 toxicities included neutropenia 
(26.7%; 4/15), anemia (13.3%; 2/15) and fatigue (13.3%; 2/15). 
Trastuzumab plus chemotherapy is effective for patients with 
HER2‑positive advanced or recurrent gastric cancer, and the 
frequencies of hematological and non‑hematological toxicities 
experienced by patients in the present study indicated that it 
can be safely administered clinically.

Introduction

Gastric cancer is the third most commonly diagnosed cancer 
type worldwide and one of the leading causes of cancer‑asso-
ciated mortality (1). In patients with recurrent, metastatic, or 
advanced gastric cancer, chemotherapy can prolong survival 
and improve quality of life compared with the best supportive 
care.

Human epidermal growth factor receptor (HER)2 is 
a member of a family of receptors that is associated with 
tumor cell proliferation, apoptosis, adhesion, migration and 
differentiation. It is overexpressed in 15‑20% of patients with 
primary gastric and gastroesophageal junction cancers (2,3). 
Trastuzumab, a monoclonal antibody that targets HER2, 
induces antibody‑dependent cellular cytotoxicity and inhibits 
HER2‑mediated signaling by binding to the extracellular 
domain of HER2 (4). The trastuzumab for gastric cancer (ToGA) 
trial recently validated the additive effects of trastuzumab for 
HER2‑positive, unresectable advanced or recurrent gastric 
cancer. This trial revealed a significant increase in the overall 
survival and progression‑free survival when trastuzumab was 
used in combination with chemotherapy, thus supporting the 
use of trastuzumab in individualized, biomarker‑based treat-
ment (5). Additionally, it has been shown that second‑line and 
later lines of chemotherapy can significantly improve patient 
outcomes, and that the additive effect of molecular targeted 
drug therapy is promising (4,6‑10).

In the present study, the clinicopathological features and 
outcomes of patients with HER2‑positive gastric cancer who 
were treated with trastuzumab and cytotoxic anti‑cancer 
agents were analyzed.

Patients and methods

Study design. The present study performed a retrospective 
review of patients with unresectable advanced or recurrent 
gastric cancer who were treated with systemic chemotherapy.

Patients. Patients with unresectable advanced or recurrent 
gastric cancer who were treated with chemotherapy at Kochi 
Medical School (Kochi, Japan) between January 2007 and 
December 2013 were identified from a medical information 
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database. Gastric cancer diagnoses were determined by 
esophagogastroduodenoscopy, biopsy specimen analysis, 
computed tomography, magnetic resonance imaging, 
ultrasonography of the abdomen and positron emission tomog-
raphy.

HER2 testing and treatment. In 86/213 patients, HER2 status 
was examined by immunohistochemical (IHC) staining using 
tumor specimens obtained by endoscopic biopsy or obtained 
from resected primary lesions, according to the IHC scoring 
criteria for gastric cacner  (11). If the IHC score was  2+, 
fluorescence in‑situ hybridization (FISH) analyses were 
performed using DNA probes (PathVysion HER2 DNA Probe 
kit; Abbott, Tokyo, Japan). The histological type for each 
tumor was categorized as intestinal type (well differentiated, 
moderately differentiated and papillary adenocarcinoma) or 
diffuse type (poorly differentiated, mucinous adenocarcinoma 
and signet ring cell carcinoma), according to Lauren  (12) 
classification. If a patient tumor sample scored 3+ on IHC 
or scored 2+ on IHC and was FISH positive, the patient was 
treated with trastuzumab plus chemotherapy.

In the trastuzumab plus chemotherapy regimen, chemo-
therapy was administered every  3  weeks until disease 
progression, unacceptable toxicity, or withdrawal of consent. 
Capecitabine (1,000 mg/m2) was administered orally twice 
a day for 14 days, and this was followed by a 1 week rest 
period. Cisplatin (80 mg/m2) was administered by intravenous 
infusion on day 1. Trastuzumab (8 mg/kg) was administered 
by intravenous infusion on day 1 of the first cycle of chemo-
therapy, followed by a dose of 6 mg/kg every 3 weeks.

Safety and efficacy evaluation. Toxicity was evaluated 
according to National Cancer Institute Common Terminology 
Criteria for Adverse Events version 4.0. The clinical tumor 
response was assessed following two or three courses of 
chemotherapy, according to criteria in the Response Evaluation 
Criteria In Solid Tumors (RECIST) guideline version 1.1 (13). 
Responses were defined as complete response, partial response, 
stable disease or progressive disease. The overall survival time 
was defined as the interval between the date of chemotherapy 
initiation and the date of mortality or last contact. Surviving 
patients were censored at the last follow‑up date.

Statistical analysis. Differences between the mean values for 
the two groups of patients were assessed for significance using 
the Mann‑Whitney U test for continuous variables and the 
Pearson's χ2 test for categorical variables. The Kaplan‑Meier 
method was used to generate cumulative survival rates and 
these were compared using the log‑rank test to evaluate 
statistically significant differences. Statistical analyses were 
performed using SPSS for Windows, version 13.0 (SPSS Inc, 
Chicago, IL, USA).

Results

Patients characteristics. A total of  213  patients with 
unresectable advanced or recurrent gastric cancer were 
identified. Patient clinical characteristics are summa-
rized in Table I. A total of 15 patients (13 men/2 women) 
received trastuzumab plus chemotherapy. The median age 

of this group was  66‑years‑old (range,  49‑82  years). Of 
these 15 patients, 13 had an intestinal type tumor and 2 had 
a diffuse type tumor, 12 were classified as having meta-
static cancer at the time of diagnosis, and 3 were classified 
as having recurrent cancer following curative resection of 
gastric cancer.

The prevalence of intestinal type tumors was significantly 
higher in the trastuzumab plus chemotherapy group compared 
with in the chemotherapy alone group (86.7  vs.  33.3%; 
P<0.001). No significant differences in age, sex or disease 
status were clear at the time of diagnosis, and metastatic site 
between the trastuzumab plus chemotherapy and chemo-
therapy alone groups. Of the 15 patients in the trastuzumab 
plus chemotherapy group, 14 exhibited tumor specimens that 
scored IHC 3+ and the other exhibited a tumor specimen that 
scored IHC 2+ and was FISH positive.

Clinicopathological characteristics of HER2‑positive 
patients. HER2 testing of tumor specimens was undertaken for 
a total of 86 patients. The IHC scores of 0, 1+, 2+ and 3+ were 
revealed for 37, 21, 14 and 14 of these patients, respectively. Of 
those with an IHC score of 2+, one was FISH positive, and the 
rate of the strong positive HER2 expression was 17.4% (15/86). 
Intestinal type tumors had a significantly higher rate of strong 
positive HER2 expression compared with diffuse type tumors 
[23.6% (13/55) vs. 6.5% (2/31); P=0.044].

Safety of the trastuzumab plus chemotherapy regimen. The 
main hematological and non‑hematological adverse events 
experienced by patients in the trastuzumab plus chemotherapy 
group during all cycles of treatment are shown in Table II. 
Among the hematological adverse events, the proportions 
of patients who had grade  3‑4  neutropenia and anemia 
were 26.7  and 13.3%, respectively. Creatinine levels were 
elevated in 40% of patients. The most common non‑hema-
tological adverse event was fatigue (all grades,  46.7%; 
grades  3‑4,  13.3%). With the exception of fatigue, no 
grade  3  or  4  non‑hematological adverse events occurred. 
Only 1 patient (6.7%) exhibited a grade 2 infusion‑associated 
reaction, which was alleviated by symptomatic therapy, and 
it was possible to restart trastuzumab administration for this 
patient with diclofenac sodium premedication and an adjusted 
trastuzumab dosage rate. No patients suffered from heart 
failure and no treatment‑associated mortalities occurred.

Tumor response and patient survival. Objective tumor 
responses of patients treated with trastuzumab plus 
chemotherapy, based on RECIST criteria, are shown in Table III. 
The overall objective response rate and disease control rate 
were 46.7 (7/15) and 86.7% (13/15). Of these patients, 1 had 
a complete response, 6 had a partial response, 6 had stable 
disease and 2 had progressive disease. For the trastuzumab 
plus chemotherapy group, the median observation period at 
the time of the analysis was 28.5 months, and the median dura-
tion of treatment with trastuzumab was 13 months.

The median overall survival time for the trastuzumab plus 
chemotherapy group was 22.9 months, which was significantly 
longer compared with that for the chemotherapy alone group 
(11.6  months; P=0.014; Fig.  1). Second‑line therapy after 
disease progression was administered to all patients in the 
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trastuzumab plus chemotherapy group. Trastuzumab admin-
istration during second and later lines of chemotherapy was 
continued beyond progression for 7 patients (46.7%).

Discussion

The present results revealed that trastuzumab plus chemotherapy 
is an effective and feasible treatment option for patients with 
HER2‑positive metastatic gastric cancer. Trastuzumab is a 

potent targeted drug that exhibits cytostatic action; it brings 
about antiproliferative effects on tumor cells via inhibition of 
HER2 signaling and antibody‑dependent cellular cytotoxicity. 
The ToGA trial revealed that patients with HER2‑positive 
advanced gastric cancer, who were treated trastuzumab in 
combination with cisplatin plus capecitabine or fluorouracil, 
had a median overall survival of  13.8  months, compared 
with 11.1 months for patients in the control group who received 
chemotherapy alone. Furthermore, it demonstrated that 

Table II. Adverse events experienced by the 15 patients in the trastuzumab plus chemotherapy group during all cycles of treatment.

	 Number of patients (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Adverse event	 All grades	 Grade 1	 Grade 2	 Grade 3	 Grade 4

Non‑hematological
  Fatigue	 7 (46.7)	 2 (13.3)	 3 (20.0)	 2 (13.3)	 0
  Anorexia	 5 (33.3)	 3 (20.0)	 2 (13.3)	 0	 0
  Nausea	 5 (33.3)	 3 (20.0)	 2 (13.3)	 0	 0
  Diarrhea	 2 (13.3)	 1 (6.7)	 1 (6.7)	 0	 0
  Constipation	 1 (6.7)	 1 (6.7)	 0	 0	 0
  Stomatitis	 2 (13.3)	 1 (6.7)	 1 (6.7)	 0	 0
  Hand‑foot syndrome	 4 (26.7)	 3 (20.0)	 1 (6.7)	 0	 0
  Infusion‑related reaction	 1 (6.7)	 0	 1 (6.7)	 0	 0
Hematological
  Leukopenia	 10 (66.7)	 3 (20.0)	 4 (26.7)	 3 (20.0)	
  Neutropenia	 11 (73.3)	 3 (20.0)	 4 (26.7)	 3 (20.0)	 1 (6.7)
  Thrombocytopenia	 5 (33.3)	 5 (33.3)	 0	 0	 0
  Anemia	 8 (53.3)	 3 (20.0)	 3 (20.0)	 2 (13.3)	
  Creatinine elevation	 6 (40.0)	 5 (33.3)	 1 (6.7)	 0	 0

Table I. Patient characteristics.

	 No. patients
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 Trastuzumab plus chemotherapy (n=15)	 Chemotherapy alone (n=198)	 P‑value

Median age, years (range)	 66 (49‑82)	 70 (19‑89)	 0.574
Gender (%)
  Male	 13	 124	 0.111
  Female	   2	   74
Histology
  Intestinal type	 13	   66	 <0.001
  Diffuse type	   2	 132
Disease status
  Initially metastatic	 12	 140	 0.722
  Recurrence after curative resection	   3	   54
Metastatic site
  Liver	   9	   55
  Peritoneum	   3	   96
  Lymph node	   3	   37	 0.218
  Lung	   1	     8
  Bone	   0	   11
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patients with higher levels of HER2 expression had a median 
overall survival of 16.0 months (4). Following publication of 
the results of the ToGA study, trastuzumab was recommended 
for use with chemotherapy as a first‑line treatment for patients 
with HER2‑positive unresectable advanced or recurrent gastric 
cancer. The present results are similar to those of the ToGA 
study. The median overall survival time for patients treated with 
trastuzumab was significantly longer compared with patients 
in the chemotherapy alone group (22.9 vs. 11.6 months).

High efficacy of trastuzumab has been confirmed prior to 
and following chemotherapy in patients with HER2‑positive 
breast cancer, and expanded indications in gastric cancer 
are anticipated (14,15). Previous studies that have assessed 
chemotherapy plus trastuzumab treatment regimens for 
patients with HER2‑positive gastric cancer have revealed 
good tolerance and high efficacy with cytotoxic chemotherapy 
including S‑1 plus cisplatin, capecitabine plus oxaliplatin (or 
docetaxel), and cisplatin plus S‑1, however, not capecitabine 
plus cisplatin (16‑21). Therefore, trastuzumab with cytotoxic 
chemotherapy is considered a standard treatment regimen 
for patients with HER2‑positive gastric cancer. However, the 
potential benefits of using trastuzumab in combination with 

second‑line chemotherapy following disease progression and 
following the use of trastuzumab in combination with first‑line 
therapy remain to be determined.

Other previous studies have shown that second‑line therapy 
can significantly improve survival of patients with unresect-
able advanced or recurrent gastric cancer who are treated with 
first‑line chemotherapy that includes fluoropyrimidines and 
platinum (5‑7). Furthermore, ramucirumab, a human immu-
noglobulin  G1  monoclonal antibody vascular endothelial 
growth factor receptor 2 antagonist, with or without paclitaxel, 
significantly increases the overall survival compared with 
the placebo in patients with unresectable advanced or recur-
rent gastric cancer that has progressed following first‑line 
chemotherapy (8,9). Trastuzumab therapy may contribute to 
improved treatment outcomes following disease progression; 
however, further investigations, including prospective random-
ized controlled trials, are required to confirm this.

In the present study, certain patients in the trastuzumab 
plus chemotherapy group developed neutropenia and 
thrombocytopenia, likely induced by chemotherapy. These 
were mitigated by reducing the dose of capecitabine or 
cisplatin. In addition, no cases of cardiac failure or mortality 
due to cardiac toxicity were observed. Similarly, previous 
reports have shown that adding trastuzumab to chemotherapy 
does not increase the toxic effects associated with standard 
fluoropyrimidine and platinum chemotherapy (4,16‑19). The 
toxicity profile of trastuzumab plus chemotherapy has been 
shown to be comparable to that for chemotherapy alone in 
phase II and III trials (4,20,21).

In the present study, the rate of strong positive 
HER2 expression in patients with gastric cancer was 17.4%, 
which is consistent with results from previous studies (3,4,22). 
Gastric cancer differs from breast cancer in that gastric cancer 
tumors are highly heterogeneous, plus HER2  expression 
patterns are different in gastric cancer compared with breast 
cancer. These differences present a range of challenges for 
HER2 testing (22,23). It is critical to optimize factors that 
affect the accuracy of HER2 testing, including the amount 
of time between specimen extraction and specimen fixation, 
and the concentration of fixing agent. In the present study and 
previous research, HER2 overexpression was more common 
in intestinal type tumors, which are generally associated 
with a better prognosis compared with tumors with diffuse 
histology  (24). While overexpression of HER2  is a factor 
that is associated with poor prognosis in patients with breast 
cancer, its association with prognosis in patients with gastric 
cancer is widely debated (25). For this reason, improvements 
in the accuracy of HER2 testing and further research on this 
topic are required (26,27). Nonetheless, the survival advantage 
provided by trastuzumab plus chemotherapy in patients with 
HER2‑positive gastric cancer has been confirmed, with data 
showing that this regimen is efficacious and safe.

The present study does have certain limitations. Firstly, 
it included the errors and biases inherent in a retrospective, 
single‑center study, and potential confounding factors may 
not have been counterbalanced completely. Secondly, patho-
logical characteristics differed between HER2‑positive and 
HER2‑negative tumor types, as HER2 positivity was signifi-
cantly associated with histological grade. Thirdly, a variety of 
chemotherapy regimens were included in the present study, 

Figure 1. Kaplan‑Meier estimates of overall survival in patients treated 
with chemotherapy, with or without trastuzumab. The median survival 
was 22.9 months in the trastuzumab plus chemotherapy group, compared 
with 11.1 months in the group treated with chemotherapy alone. There was a 
significant difference in survival between the two groups (P=0.014; stratified 
log‑rank test).

Table III. Objective tumor responses for  15  patients treated 
with trastuzumab plus chemotherapy, based on Response 
Evaluation Criteria In Solid Tumors criteria.

Best overall response	 Number of patients (%)

Complete response	 1 (6.7)
Partial response	 6 (40.0)
Stable disease	 6 (40.0)
Progressive disease	 2 (13.3)
Objective response rate	 46.7%
Disease control rate	 86.7%
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which may have contributed to selection bias. Further studies 
with adequate statistical power and a larger number of patient 
subgroups are required to reliably and accurately assess the 
efficacy of trastuzumab continuation beyond disease progres-
sion after first‑line therapy for advanced gastric cancer.

In conclusion, although this was not a prospective study, 
the present results suggested that trastuzumab can be safely 
administered in combination with chemotherapy in clinical 
practice by managing adverse events, and that trastuzumab 
may extend survival when used in combination with second 
and later lines of chemotherapy in patients with HER2‑positive 
unresectable advanced or recurrent gastric cancer. A 
well‑designed prospective study is required to confirm the 
utility of trastuzumab continuation beyond disease progression.
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