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Abstract

AIM: To study the risk factors for liver metastasis and the
prognosis in patients with human epidermal growth factor
receptor 2 (HER2) over-expressing gastric cancer (GC).

METHODS: A total of 84 GC patients recruited from
the General Hospital of the People’s Liberation Army
(PLA) between 2003 and 2010 were randomly enrolled
in this study. HER2 expression was detected by im-
munohistochemistry in 84 GC patients with liver me-
tastases. The study group consisted of 66 men and 18
women, with an average age of 54 years (range: 19-74
years). Liver metastasis was diagnosed by magnetic
resonance imaging or computed tomography. Patients
were followed-up and predictive factors of liver metas-
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tasis were evaluated.

RESULTS: The median follow-up period was 47 mo
(range: 6-85 mo). The characteristics of 35 (25.7%)
patients with HER2 over-expression of liver metastatic
GC are presented. HER2 over-expression was detected
in 23 out of 49 (46.9%) patients with intestinal GC, and
9 out of 35 (25.7%) patients with diffuse GC. 29 out
of 59 (49.2%) patients aged < 60 years were HER2-
positive, while 8 out of 25 (32%) patients aged = 60
were HER2-positive; a significant difference (P < 0.05).
Univariate analysis (log-rank test) showed that HER2
over-expression, sex, Lauren classification, differentia-
tion and disease-free interval were correlated with poor
survival (P < 0.05). Survival analysis with a survival
curve showed that HER2 over-expression was signifi-
cantly relevant, with a reduced survival time in GC pa-
tients with liver metastases (P < 0.01). 2-year survival
was not associated with the patient’s age. A disease-
free survival longer than 12 mo has a significant associ-
ation with extended overall survival (OS) in GC patients
with liver metastases. The median survival time after
the diagnosis of liver metastases was 18 mo [95% con-
fidence interval (CI): 9.07-26.94] among HER2 positive
GC patients with liver metastases. In comparison, for
49 (69.4%) out of 84 HER2 negative patients with liver
metastatic GC, the median survival time was 47 mo
(95% CI: 19.37-74.63). In patients with HER2 positive
liver metastatic GC, the median OS was significantly
shorter than in HER2 negative patients (median, 20.32
mo; 95% CI: 16.51-24.13 vs median, 50.14 mo; 95%
CI: 37.83-62.45; P < 0.01).

CONCLUSION: HER2 over-expressing GC patients with
liver metastases have a poor prognosis. Overall survival
was significantly lower in HER2 positive patients. HER2-
overexpression is correlated with a lower survival rate.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Although the incidence of gastric cancer (GC) has slightly
declined in the past several decades, it remains the second
leading cause of cancer death worldwide, especially in
Asia". GC with human epidermal growth factor receptor
2 (HER2) over-expression accounts for 9%-38% of GC,
and HER2 is mainly expressed on the cell membrane. Yan
et al” studied HER2/neu protein expression and gene
amplification in gastric carcinoma and their relationship.
They recommended that all samples with immunohisto-
chemistry (IHC) as HER2 expression should be analyzed
with fluorescence 7 sitw hybridization and found that the
detection of HER2 gene amplification can assess the ma-
lignant biological behaviors and prognosis of gastric can-
cer. Zhang et al” found HER2 over-expression in 18.6%
of GC and HER2 located mostly on the membrane,
which was consistent with what was previously reported.
Yu ¢ al” examined the expressions of Grb2 and HER2
in normal gastric mucosa, primary gastric cancer, and
lymph node metastatic foci in 1143 GC patients by using
tissue microarray assay, which suggested the importance
of Grb2 and HER2 in GC development and progression.
Matsubara ez a/” investigated 86 patients who received
first-line chemotherapy for advanced GC. Their results
showed that patients with high HER2 expression had a
longer survival time than those with low HER2 expres-
sion. However, there is controversy with regard to the
hypothesis that HER2 expression serves as a factor in pre-
dicting the prognosis of GC patients[(”m]. In a prospective
study of 63 patients with resectable CG (in which follow-
up was performed for 40.7 mo), membranous epidermal
growth factor receptor (EGFR) was detected by random
and double blind assays, and cytosolic HER2 by immuno-
enzymatic assay. Results showed that high expression of
EGFR and HER2 in cancers were associated with a poor
outcome in patients with resectable G,

Detection of micrometastatic foci may allow for a
more accurate assessment of the prognosis, along with
aiding in the selection of candidates for intensive che-
motherapy among GC patients. Bone marrow micro-
metastasis has been shown to influence the prognosis
of GC patients“z’m. Matsunami e7 o/ used ion mobility
spectrometry to improve detection sensitivity in their
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study, and their results showed that only 30% of patients
showed the development of bone marrow micrometasta-
sis. The positive rate was lower than that in Western pa-
tients, but similar to those of the ]apaneseUSJ. In the pres-
ent study, we investigated the prognosis of GC patients
with HER2 over-expression in the liver metastatic foci in
Chinese patients.

MATERIALS AND METHODS

Patient selection and clinicopathologic parameters

A total of 84 GC patients recruited from the General
Hospital of the People’s Liberation Army (PLA) between
2003 and 2010 were randomly enrolled in this study. All
patients underwent radical dissection and chemotherapy,
and/or radiotherapy. The study group consisted of 66
men and 18 women, with an average age of 54 years
(range: 19-74 years). GC tissue and adjacent normal tissue
were collected for pathologic examination. The detailed
pathologic results were obtained from the Department
of Pathology of the General Hospital of the PLA.

The histologic type of GC was defined according to
Lauren’s classification. This classification divides GC into
intestinal (in which well-formed tubules were found) and
diffuse (in which diffuse tumor infiltration and signet ring
cells were noted, but well-formed tubules were absent)
types. In our study, 53 patients were pathologically diag-
nosed with intestinal GC and 31 with diffuse GC.

Patients were followed-up for 6-85 mo. Informed
consent was obtained before the study, and the protocol
was approved by the Clinical Research Ethics Committee
of the General Hospital of the PLA.

Immunohistochemistry

Formalin-fixed and paraffin-embedded sections (5 pum)
were deparaffinized in xylene, rehydrated through an eth-
anol series, and treated for 10 min in a2 microwave oven
at 98 C for antigen retrieval. Sections were then blocked
in 3% hydrogen peroxidase, followed by incubation with
a protein-blocking agent. Sections were treated with fetal
bovine serum (10%), with or without the HER2 antibody
(1:100), for 30 min at 37 C then counterstained with
hematoxylin and mounted. Omission of the primary an-
tibody was used as a negative control for tissue sections.
Anti-HER2 monoclonal antibody (Dako Herceptin Test
kit; Dako, Glostrup, Denmark), and Dako EnVision'TM
Kit (Dakocytomation, Dako) were used for IHC. The
sections were examined microscopically and interpreted
in a blinded fashion by two pathologists. HER2 protein
expression on the cell membrane was scored according
to the following criteria: 0: No staining or < 10% of tu-
mor cells; 1+: Faint/barely perceptible pattial staining in
> 10% of tumor cells; 2+: Weak to moderate staining of
the entire membrane or cytoplasm in > 10% of tumor
cells; 3+: Strong staining in > 10% of tumor cells. Tu-
mors with scores of 0 and 1+ were evaluated as negative
while those with scores 2+ and 3+ were positive.
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Parameter Patient (7) HER2 + patients (#) Ratio (%) P value
Age (y1)
<60 59 29 49.2 <0.05
=60 25 8 32
Gender
Male 66 28 424 >0.05
Female 18 7 38.9
Tumor type
Intestinal 49 23 46.9 <0.05
Diffuse 35 9 25.7

The proportion of patients with human epidermal growth factor receptor
2 (HER2) over-expression was higher in patients with gastric cancer (GC)
of the intestinal-type than in those with GC of the diffuse-type.

Parameter Patient (#7) 2-yr survival (%) P value
Age (yr) >0.05
<60 56 66.1
=60 28 60.7
Gender <0.05
Male 66 78.6
Female 18 214
HER2 over-expression <0.05
Absent 49 58.3
Present 35 41.7
Lauren classification <0.05
Intestinal 49 58.3
Diffuse 35 41.7
Differentiation <0.05
High/middle 4 80
Low/null 50 63.3
Disease-free interval (n = 84) <0.05
=12 mo 63 75
<12 mo 19 22.6

Disease-free survival longer than 12 mo has significant association with
extended overall survival in gastric cancer patients with liver metastasis.
HER2: Human epidermal growth factor receptor 2.

Statistical analysis

A total of 35 GC patients with HER2-positive liver metas-
tases were included in this study. Liver metastatic GC was
pathologically diagnosed by pathologists at the National
Comprehensive Cancer Network. Patients with clinical
symptoms suggesting liver metastasis were diagnosed by
abdominal magnetic resonance imaging (MRI) or com-
puted tomography (CT) clinical information was collected
from medical records, including the date of initial diagno-
sis of GC, the development of liver metastases, the date
of chemotherapy, and death or the last follow-up, as well
as disease sites at the start of chemotherapy and the de-
tails of treatment. We also evaluated the clinical response
of other metastatic diseases according to the Response
Evaluation Criteria in Solid Tumors at the time of diag-
nosis of liver metastasis. The baseline characteristics and
prognostic factors for GC were reviewed, including age,
sex, differentiation and GC type, and disease-free interval.
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Figure 1 Kaplan-Meier survival curve in patients positive and negative for
human epidermal growth factor receptor 2 in the liver metastatic gastric
cancer. HER2: Human epidermal growth factor receptor 2.

Opverall survival (OS) served as a main outcome.

SPSS version 17.0 software package (SPSS, Chicago,
IL, United States) was used for statistical analysis. Fre-
quency comparisons of HER2 expression status and clin-
icopathologic variables were performed with the I test
(two-sided). Log-rank test was used for survival analysis.
Survival curves were computed according to the Kaplan-
Meier method. A value of P < 0.05 was considered statis-
tically significant.

RESULTS

HER2 expression in the liver metastatic in gastric cancer
patients
The median follow-up period was 47 mo (range: 6-85
mo). The characteristics of 35 (25.7%) patients with
HER?2 over-expression in liver metastatic GC are present-
ed in Table 1. The results showed no significant differ-
ences between the sexes, although significant associations
were observed between intestinal and diffuse (P < 0.05)
types of GC. Over-expression of HER2 was observed as
being higher for patients younger than 60 (P < 0.05).
HER2 over-expression was detected in 23 out of
49 (46.9%) patients with intestinal GC and 9 out of 35
(25.7%) patients with diffuse GC. The proportion of pa-
tients with HER2 over-expression was higher in patients
with GC of the intestinal-type than in those with GC
of the diffuse-type (P < 0.05). In addition, 29 out of 59
(49.2%) patients aged < 60 years were HER2-positive,
while 8 out of 25 (32%) patients aged = 60 were HER2-
positive, which was a significant difference (P < 0.05).
However, there was no significant difference with regards
to gender for HER2 over-expression (Table 1).

HER2 over-expression and overall survival

Univariate analysis (log-rank test) showed that HER2
over-expression, sex, Lautren classification, differentiation
and disease-free interval were correlated with poor sur-
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vival (P < 0.05), while age was not correlated with 2-year
survival (P > 0.05) (Table 2). Survival analysis with a sut-
vival curve (Figure 1) showed that HER2 over-expression
was significantly relevant with decreased survival time in
GC patients with liver metastases (P < 0.01).

2-year survival was not associated with a patient’s age.
A disease-free survival (DES) longer than 12 mo had sig-
nificant association with an extended OS in GC patients
with liver metastasis (Table 2).

The median survival time after diagnosis of liver
metastases was 18 mo [95% confidence interval (CI):
9.07-26.94] among those HER2 positive with liver me-
tastases in GC. In comparison, for 49 (69.4%) out of 84
HER?2 negative patients with liver metastatic GC, the me-
dian survival time was 47 mo (95% CI: 19.37-74.63).

In patients with HER2 positive liver metastatic GC, the
median OS was significantly shorter than in HER2 nega-
tive patients (median, 20.32 mo; 95% CI: 16.51-24.13 mo
vs median, 50.14 mo; 95% CI: 37.83-62.45 mo; P < 0.01).

DISCUSSION

The HER2, an important member of the HER family, is
encoded by a gene located on chromosome 17q21. Dur-
ing tumorigenesis, HER2 has been identified to act as
an oncogene to modulate the proliferation, invasion and
apoptosis of tumor cells. In cancer formation, HER2 acts
as an oncogene to regulate the proliferation, invasion,

and apoptosis of cancer cells. HER2 over-expression was
reported in 9%-38% of GC, and was mainly found on
the cell membrane"”. The concordance between protein
and mRNA over-expression of HER2 was recently eluci-
dated in tumorigenesis, especially in cancers scored 3+ by
HC",

In approximately 25.7% of invasive GC, the HER2
tyrosine kinase receptor is over-expressed. HER2 con-
sists of four different receptors and is associated with
cell proliferation, differentiation, and survival. The HER2
over-expressing GC is more aggressive and has a poor
prognosis. With respect to the importance of HER2
heterodimer in tumorigenesis, the signaling pathways and
downstream effectors of the HER family have become
key molecules in exploring strategies for anti-cancer ther-
apy. For example, herceptin, a humanized monoclonal
antibody targeting HER2/neu, has been used as a first-
line anti-cancer drug in the treatment of breast cancer
over-expressing HER2/ neu"™"”. Evidence from preclini-
cal trials also indicated that herceptin could benefit GC
patients[zo’zﬂ.

To date, a high incidence of liver metastases has been
observed in patients with HER2 over-expressing GC,
which may be attributed to the biological characteristics
of GC and the treatments for GC. A retrospective analy-
sis has identified HER2 as a risk factor for the develop-
ment of liver metastases and relapse. The 5-year inci-
dence of liver metastases is significantly higher in patients
with HER2 over-expressing GC. In particular, improve-
ments in the treatment of systemic diseases have enabled
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patients with HER2 over-expressing metastatic GC to
survive for a relatively long period of time. MRI and CT
have been routinely used for the diagnosis of liver me-
tastases in these patients and found that the incidence of
liver metastases is increasing. However, the association
between liver metastases and HER2 expression remains
largely unclear.

The results of the present study demonstrated that
25.7% of GC patients with liver metastases had HER2
over-expression, and that HER2 was mostly expressed in
the membrane, which is consistent with what has been
previously reported. The present study aimed to inves-
tigate the predictive factors in GC patients with HER2
over-expressing liver metastases.

GC of the two histologic types (intestinal and dif-
fuse) differs in their epidemiology, pathogenesis, clini-
cal outcome, and even genetic proﬁlingm. The study
showed tumors of two Puerto Rican (PR) patients with
overexpressed Her2/neu and the resulting partial clinical
responses motivated us to compare Her2/neu expression
in PR (# = 101) and Caucasian non-Hispanic (# = 95)
patients. The immunohistochemistry of tumors showed
overexpression of P-Stat3, Cyclin D1, and Her2/neu,
compared to non-neoplastic mucosa. Hetr2/neu and
EGF-R protein levels were statistically significantly differ-
ent, with higher levels of both proteins in the PR group.
Importantly, Her2/neu expression was strong and dif-
fuse in tumors with signet-ring morphology, while other
histo-pathological subtypes showed higher intra-tumoral
Her2/neu heterogeneity than typically observed in breast
cancer. Targeted therapies in gastric cancer directed at
EGF-R and Hers-2/neu pathways warrant further inves-
tigation. These therapies may be especially effective in PR
patients and in patients with signet-ring cell morpholo-
gies with a dismal prognosism. The study showed that
overexpression of HIF-1a had no association with clini-
copathological status, patient prognosis, or chemosensi-
tivity; the expression of HIF-1la mRNA is up-regulated
by a signal transduction pathway from a tyrosine kinase
receptor, such as HER2™. Our results showed HER2
positivity differed significantly by histologic subtype
(intestinal: 46.9%; diffuse: 25.7%). The mechanisms of
HER?2 over-expression in intestinal-type GC are complex
and still largely unclear. Depending on the depth of inva-
sion (T), the involvement of lymph nodes (N), and the
presence of distant metastasis (M), the TINM stage is the
most important prognostic factor for GC in clinic prac-
tice™. The role of HER2 over-expression as a prognostic
factor in GC is still controversial™". Recently, increasing
evidence has showed a direct correlation between HER2
over-expression and poor survival®™. In a series of 260
GC patients, Okegawa ez al” found that HER2 over-
expression was an independent factor and correlated with
serosal invasion and lymph node metastases. Our results
demonstrated that HER2 over-expression was closely
associated with a lower survival rate in GC patients with
liver metastases (P < 0.01). HER2 may become a novel
molecule in tumorigenesis of GC and a potential candi-
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date for molecule-targeted therapy, especially in diffuse-
type GC.

In our study, liver metastases in GC patients with
HER2-overexpression had a shorter DFS (75% vs 22.6%,
P < 0.05), which was consistent with what had previously
been reported™. Tumor type was significantly associated
with liver metastases (intestinal 46.9% s diffuse 25.7%, P
< 0.05), but age was not associated with GC. The associa-
tion between liver and other location metastases suggests
that high tumor load contributes to the development of
hematogenous metastases, and supports the results in the
present study that GC in half of patients was refractory
to systemic chemotherapy.

Patients with liver metastases had a shorter survival
time than those without, and the median survival time
of 18 mo was comparable with previously reported re-
sults. In our study, HER2 negative GC patients with liver
metastases remained stable, in contrast to other location
metastases at the time of diagnosis of liver metastases.

Furthermore, HER2 positive patients with liver me-
tastases exhibited progressive bone and other metastases
and 75% of them had a general condition that allowed
further systemic therapy, from which most of them bene-
fited. Therefore, although liver metastases seem to appeat
at the late stage in patients with GC, other metastatic foci
are still more or less chemosensitive, and thus treating
liver metastases has an important influence on prognosis.

In our study, HER2 over-expressing GC patients see-
med to develop symptomatic liver metastases at about 2.5
years after the diagnosis of recurrent or metastatic GC,
which poses the question as to whether liver metastases
should be monitored. If surveillance is carried out, who
would be the candidates and what timing for surveillance
should be further investigated? To date, there has been
no evidence to suggest that the surveillance of liver me-
tastases in GC patients is beneficial for patient survival or
cost-effectiveness.

In conclusion, our findings reveal that the liver me-
tastases in GC patients with HER2-overexpression had a
poor prognosis. The low survival was correlated with sex,
HER?2 over-expression, Lauren classification, differentia-
tion, and disease-free interval. In our future studies, the
optimal regimens for chemotherapy will be studied in GC
patients with liver metastases who acquire prolonged OS.
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Background
Gastric cancer (GC) is the second leading cause of cancer death worldwide,
especially in Asia. There are many risk factors used for predicting the prognosis
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of GC patients. A high incidence of liver metastases has been reported among
patients with human epidermal growth factor receptor 2 (HER2) over-expressed
GC. However, there is some controversy regarding the hypothesis that HER2
expression serves as a factor for predicting the prognosis of GC patients.
Research frontiers

HER?2, an important member of the HER family, is encoded by a gene located
on chromosome 17g21. In cancer formation, HER2 acts as an oncogene to
regulate the proliferation, invasion, and apoptosis of cancer cells. The current
research hotspot is to study the risk factors for liver metastasis and the progno-
sis in patients with HER2 over-expressing GC.

Innovations and breakthroughs

Although HER? is over-expressed about 38% of gastric cancer patients, few
studies are available on HER2 status in the liver metastases of gastric carcino-
ma patients and there is also little data on the evaluated prognosis for Chinese
patients. A total of 84 GC patients recruited from the General Hospital of the
People’s Liberation Army in China between 2003 and 2010 were randomly en-
rolled in this study. All patients underwent radical dissection and chemotherapy,
and/or radiotherapy. HER2 over-expression was detected with immunohisto-
chemistry in gastric cancer with liver metastasis patients. Liver metastasis was
diagnosed by magnetic resonance imaging or computed tomography. The au-
thors also evaluated the clinical response of other metastatic diseases accord-
ing to the Response Evaluation Criteria in Solid Tumors at the time of diagnosis
of liver metastasis. The baseline characteristics and prognostic factors for GC
were reviewed, including age, sex, differentiation and GC type, and disease-
free interval. Overall survival (OS) served as a main outcome. From the results,
the authors drew the conclusion that HER2 over-expressing GC patients with
liver metastases have a poor prognosis, and the overall survival was signifi-
cantly lower in HER2 positive patients.

Applications

Immunohistochemistry may be used to screen the HER2 status in gastric car-
cinoma patients with liver metastasis patients, and to study the risk factors for
liver metastasis in gastric cancer. Since the sample size of our study was not
large enough, that limited this study’s ability to provide robust evidence. There-
fore, larger-scale, multicentric studies are needed to test the results. Even so,
the authors believe the current study provides preliminary and powerful data
of evaluating the prognosis in patients with HER2 over-expressing GC, and
contributes to determining whether target therapy is necessary for gastric carci-
noma with liver metastasis.

Terminology

HER?2 is the human epidermal growth factor receptor 2, an important member
of the HER family, that is encoded by a gene located on chromosome 17qg21.
During tumorigenesis, HER2 has been identified to act as an oncogene to
modulate the proliferation, invasion and apoptosis of tumor cells.

Peer review

The authors provide a retrospective study which reviewed 84 patients with
HER?2 expressing liver metastases in gastric cancer between 2003 and 2010.
The study shows that HER2-overexpression has no correlation with liver metas-
tases in gastric cancer. However, OS was obviously lower for HER2 negative
patients. HER2-overexpression had correlation to a lower survival rate. Overall,
this is an interesting and good study.
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