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Abstract: Molecular-targeted therapy against tyrosine kinase receptors (RTKs) plays an
important role in gastric cancer (GC) treatment. Understanding the correlation between RTK
coexpression could better guide clinical drug use. In the present study, the coexpression status
of ¢c-MET, fibroblast growth factor receptor 2 (FGFR2), and human epidermal growth factor
receptor 2 (HER2) in human GC and their clinical significance in clinical therapy were explored.
Immunohistochemical (IHC) staining, quantitative real-time polymerase chain reaction and
fluorescent in situ hybridization were performed in 143 cases of GC who had undergone gas-
trectomy without preoperative chemoradiotherapy. Their association with clinicopathological
features and clinical prognosis was analyzed. The frequencies of c-MET, FGFR2, and HER2
overexpression were 47.6% (68/143), 34.3% (49/143), and 10.5% (15/143), respectively. In
the RTK coexpression study, 30.1% of patients (43/143) were positive for only one RTK,
25.8% (37/143) were positive for two RTKs, 3.5% (5/143) had triple-positive status, and
40.6% (58/143) had triple-negative status. In survival analysis, the overexpression of ¢c-MET,
FGFR2, and HER2 were significantly associated with overall survival (OS) (P=0.018, 0.004,
and 0.049, respectively). In coexpression analysis, patients with triple-positive GC had the
poorest OS (P=0.013). In conclusion, RTK coexpression is significantly associated with poor
clinical outcome in GC.
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Introduction
Gastric cancer (GC) is the fourth most common cause of cancer death worldwide and
the second most common cause of cancer-related death.! Its incidence is estimated
to be ~930,000 newly diagnosed cases each year with wide geographical variation,
and 50% of new cases occur within Eastern Asia.? Despite incidence and mortality
declining globally following the substantial developments in early screening, surgery,
and chemotherapy over the past two decades, GC remains an important health problem
in the People’s Republic of China.? Radical gastrectomy is the only curative treatment
for GC, but recurrence is detected in ~60% of patients after surgery.* The long-term
prognosis of GC remains dismal, with median overall survival (OS) of 8-10 months
and a 5-year survival rate of <20%.>¢

During the last decade, molecular-targeted therapies have made substantial prog-
ress against many common malignancies such as lung, colorectal, and breast cancer,
but less progress against GC. In the Trastuzumab for Gastric Cancer (ToGA) study,’
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a Phase III trial, trastuzumab improved the progress-free
survival and OS of human epidermal growth factor recep-
tor 2 (HER2)-positive advanced gastroesophageal junction
cancer with statistical significance when combined with
chemotherapy. Unfortunately, only 15%-20% of patients
with GC is HER2-positive and can benefit clinically from
anti-HER2-targeted therapy.®'® HER2-negative patients,
accounting for the biggest proportion of patients with GC,
have no other option but conventional chemotherapy. There-
fore, further studies are warranted to explore more targets
and provide more clinical options for treating GC. Similar to
HER2, tyrosine kinase receptors (RTKs) such as MET and
fibroblast growth factor receptor 2 (FGFR2) play key roles
in tumor proliferation, invasion, angiogenesis, and metasta-
sis, and they are considered potential therapeutic targets or
biomarkers of GC."'¢

As a member of the RTK family, ¢c-MET is encoded by
the proto-oncogene MET and is expressed in epithelial and
endothelial cells."” By binding to the ligand of hepatocyte
growth factor/scatter factor, c-MET triggers the activa-
tion of multiple steps in the signal transduction cascade
involving the Ras/Raf/mitogen-activated protein kinase and
phosphatidyl-inositol-3-kinase/AKT/mammalian target of
rapamycin pathways, which typically regulate cell survival,
proliferation, cytoskeleton, and mobility.'® > Recently, sev-
eral c-MET inhibitors such as monoclonal antibodies and
small-molecule tyrosine kinase inhibitors have been investi-
gated in clinical trials, and the initial results were optimistic.*
Therefore, therapies targeting the c-MET signaling pathway
are becoming a promising treatment strategy for GC, and
they provide a novel method for overcoming resistance to
HER2-targeting agents.

The FGFR family also belongs to the RTK family and
is divided into four subtypes: FGFR1, 2, 3, and 4. Dys-
regulation of FGFR subtype signaling has been observed
in malignancies with variants including gene mutation,
gene amplification, and protein overexpression.”> FGFR]
gene amplification has been reported in ovarian cancer,
breast cancer, bladder cancer, oral squamous carcinoma,
and rhabdomyosarcoma.'*?** FGFR2 gene mutations have
been observed in endometrial cancer, and FGFR2 gene
amplification and protein overexpression have been detected
in GC.#*" FGFR3 gene mutation and amplification have
been detected in bladder cancer, and FGFR3 transloca-
tion has been detected in myeloma.'3! Preclinical studies
have demonstrated that several monoclonal antibodies and
small-molecule inhibitors of FGFR are effective antitumor
drugs.3?3% Together, these data suggest that the FGFR sig-
naling pathway is correlated with tumor growth, invasion,

metastasis, and poor prognosis and may be a potential target
in cancer treatment.

However, most previous studies have focused on the
protein overexpression or gene amplification profile of
single biomarkers in one cohort.*¢3# The relation between the
pathological features, clinical factors, and prognosis of these
promising RTKSs has rarely been evaluated simultaneously
in Chinese patients. In this study, the coexpression of three
RTKs (c-MET, FGFR2, and HER2) and their correlation
with clinical prognosis in 143 cases of GC patients were
retrospectively investigated.

Materials and methods

Ethics statement

Written informed consent was obtained from each patient for
the publication of this paper and any accompanying images.
This study was approved by the ethics committee of Zhengzhou
University. The procedures followed were in accordance with
the Helsinki Declaration of 1975, as revised in 1983.

Patients and tumor specimens

A total of 143 patients with GC with complete medical records
from the First Affiliated Hospital of Zhengzhou University
from 2011 to 2012 were enrolled. All of them had received
total or subtotal gastrectomy with lymphadenectomy, with
pathologically confirmed diagnosis of primary gastric or
gastroesophageal junction adenocarcinoma and no history of
neoadjuvant therapy. All specimens were routinely fixed in
buffered formalin, embedded in paraffin blocks, and sectioned
into continuous 4-pm tissue sections for immunohistochemi-
cal (IHC) examination. Of the 143 patients, 110 patients were
male and 33 were female, with the age ranging from 42 to
86 years; the average age was 6019.55 years and the median
age was 62 years. Seventy-two patients (50.3%) died during
the follow-up period. Tumor classification was according to
the Lauren classification;* tumor-nodes-metastasis staging
was according to the International Union against Cancer stag-
ing system.* Patient information and tumor characteristics
including age; sex; tumor location, type, differentiation;
depth of invasion; lymph node metastasis; and clinical stage
are summarized in Table 1.

Immunohistochemistry

IHC analysis was performed on the 4-um tissue sections.
The procedure was in accordance with the IHC streptavidin/
peroxidase detection kit instructions. The sections were depar-
affinized in xylene and dehydrated with graded ethanol, then
microwaved in citric buffer (pH 6.0) for antigen retrieval for
15 minutes. After naturally cooled, endogenous peroxidase
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Table | Correlation between clinicopathological features and three RTKs in GC

Clinicopathological Number c-MET P-value FGFR2 P-value HER2 P-value
features of cases ©) &) Ie5) ©) ) “)
Age (years)

>60 8l 39 42 27 54 10 71

<60 62 29 33 0.870 22 40 0.788 5 57 0.408
Sex

Male 110 52 58 37 73 13 97

Female 33 16 17 0.903 12 21 0.772 2 31 0.344
Tumor location

Cardia 27 13 14 7 20 0 27

Body 106 52 54 38 68 14 92

Antrum 10 3 7 0.513 4 6 0.578 | 9 0.135
Tumor differentiation

Well 45 9 36 6 39 5 40

Modern 33 14 19 9 24 6 27

Poor 65 45 20 <0.001 33 32 <0.001 4 6l 0.183
Tumor type

Intestinal 80 22 58 17 63 10 70

Diffuse 56 41 15 28 28 4 52

Mixed 7 5 2 <0.001 4 3 0.001 | 6 0.069
Depth of invasion

pTI 23 3 20 3 20 0 23

pT2 26 10 16 19 2 24

pT3 92 54 38 38 54 13 79

pT4 2 | | 0.001 | | 0.058 0 2 0.045
LN metastasis

No 94 29 65 20 74 6 88

Yes 49 39 10 <0.001 29 20 <0.001 9 40 0.026
TNM stage

| 41 Il 30 6 35 | 40

1l 82 38 44 31 51 9 73

1l 20 19 | <0.001 12 8 0.001 5 15 0.026
Total 143 68 75 49 94 15 121

Note: P<<0.05 are shown in bold.

Abbreviations: FGFR2, fibroblast growth factor receptor 2; HER2, human epidermal growth factor receptor 2; LN, lymphnode; TNM, tumor, lymphnode, metastasis.

was eliminated with 3% peroxide—methanol at room tempera-
ture for 5 minutes. Nonspecific staining was avoided with
blocking buffer (normal goat serum) at room temperature
for 20 minutes. The sections were incubated with diluted
primary antibody for 2 hours at 37°C. The final dilution of
the rabbit antihuman FGFR2 antibody (ab10648; Abcam) was
1:500, mouse antihuman HER2 antibody (ab79205; Abcam)
was 1:500, and that of the rabbit antihuman c-MET antibody
(ab39075; Abcam) was 1:200. Goat antirabbit immunoglobu-
lin G (Beijing Zhongshan Golden Bridge Biotechnology Co.,
Ltd. Beijing, People’s Republic of China) was added and
incubated for another 30 minutes at 37°C. Afterward, the
sections were incubated with streptavidin—horseradish per-
oxidase (Beijing Zhongshan Golden Bridge Biotechnology
Co., Ltd.) at 37°C for 30 minutes before being stained with
3,3-diaminobenzidine (Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd.) for 10 minutes. Finally, hematoxy-
lin was used for counterstaining, followed by dehydration,

clearing, and mounting with neutral gum. A gentle rinse with
washing buffer was conducted during the experiment if neces-
sary. All steps were carried out in a moist chamber. Known
c-MET-positive and FGFR2-positive lung adenocarcinoma
specimens were used as the respective positive controls. In
the negative control group, the antibody was replaced with
phosphate-buffered saline.

Evaluation of IHC staining

Each section was assessed by semiquantitative analysis.
Consensus and recommendations according to Hofmann’s
criteria were used in HER2 scoring for GC?: 0: no reactivity
or membranous reactivity in <10% of cells; 1+: faint/barely
perceptible membranous reactivity in >10% of cells; cells are
reactive only in part of their membrane; 2+: weak to moderate
complete or basolateral membranous reactivity in >10% of
tumor cells; 34+: moderate to strong complete or basolateral
membranous reactivity in >10% of tumor cells.
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C-MET and FGFR2 were assessed by semiquantitative
analysis according to clinical trial criteria.*!*> The intensity
of staining was scored as 0 (no staining), 1 (weak staining),
2 (moderate staining), or 3 (strong staining). The proportion
of positive cells was scored as 0 (0% positive), 1 (<10%
positive), 2 (10%—50% positive), or 3 (>50% positive).
A total score was derived by adding the proportional score;
an intensity score =3 was regarded as high expression;
otherwise, it was defined as low expression. All slides were
independently evaluated and scored by two pathologists
blinded to the patient data. Cases with disputed scores were
reexamined under a discussion microscope.

Quantitative real-time polymerase chain

reaction

Total RNA from tumor tissues was extracted using Trizol
(Thermo Fisher Scientific, Waltham, MA, USA) according to
the manufacturer’s instructions. Real-time quantitative poly-
merase chain reaction (QPCR) was carried out to detect levels
of HER2, c-MET, and FGFR2 using a SYBR Green PCR Kit
and an ABI 7900HT Fast Real-Time PCR System (Thermo
Fisher Scientific). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as internal control. The relative expression
level (defined as fold change) of target gene (224“') was normal-
ized to the endogenous GAPDH reference and related to the
amount of target gene in control sample, which was defined as
the calibrator at 1.0. The assays were done in triplicate.

Dual-color silver in situ hybridization
HER?2 silver in situ hybridization was performed using an
automatic instrument (BenchMark XT; Ventana Medical
Systems, Tucson, AZ, USA) according to the manufacturer’s
protocol. Testing for the HER2 gene and CEP17 was per-
formed on the sections in each case. HER?2 gene amplification
was defined as a HER2/CEP17 ratio =2.

Statistics

Statistical analysis was performed using IBM SPSS 20.0
statistical software (IBM Corporation, Armonk, NY, USA);
count data were analyzed using the y* test. All tests were two
sided. The OS was calculated from the date of surgery to
death for any reason. The survival curves were determined
by Kaplan—Meier analysis, and log-rank tests were used
to compare the differences among curves. Univariate and
multivariate Cox proportional hazards regression model
analysis was used to evaluate the parameters associated with
the hazard ratio (HR). P<<0.05 was considered statistically
significant.

Results
Correlation between clinicopathological

features and three RTKs in GC

Among the three RTKs, the expressions of both c-MET
and FGFR2 were significantly correlated with tumor
type (P<<0.001 and 0.001, respectively), tumor dif-
ferentiation (P<<0.001, <0.001, respectively), depth of
invasion (P=0.001, 0.058, respectively), lymph node metas-
tasis (P<<0.001, <0.001, respectively), and clinical stage
(P<0.001, 0.001, respectively). However, they were not
significantly associated with age, sex, and tumor location
(P>0.05). HER2 overexpression was significantly related
with depth of invasion (P=0.045), lymph node metastasis
(P=0.026), and clinical stage (P=0.026) but was not signifi-
cantly associated with age, sex, tumor location, tumor type,
and tumor differentiation (P>0.05). The clinicopathological
data for the three RTKs are shown in Table 1.

HER?2, c-MET, and FGFR2 overexpression

in GC

HER2, ¢c-MET, and FGFR2 overexpression in the 143 cases
is determined using IHC. HER2 staining was mainly in the
cell membrane, but c-MET and FGFR2 staining was mainly
in the cytoplasm and nucleus. Figure 1 depicts representative
photomicrographs of the IHC analysis. Among the 143 cases,
22 cases (15%) were detected with HER2 2+ or 3+: 109 (76%)
scored 0, 12 (8%) scored 1+, 14 (10%) scored 2+, and 8 (6%)
scored 3+. Only 15 cases (10.5%) were with HER2 THC 3+
or IHC 2+, but fluorescent in situ hybridization amplification
were considered to be HER2 positive (Figure 2). C-MET
positivity (IHC2+ or 34) was detected in 68 cases (48%): 53
(37%) scored 0, 22 (15%) scored 1+, 45 (29%) scored 2+,
and 23 (16%) scored 3+. FGFR2 positivity (IHC2+ or 3+)
was detected in 49 cases (34%): 76 (60%) scored 0, 18 (13%)
scored 1+, 35 (24%) scored 2+, and 14 (10%) scored 3+. The
HER2, c-MET, and FGFR2 overexpression is listed in detail in
Table 2, and the representative immunostaining is depicted in
Figure 1. The mRNA expression of HER2, c-MET, and FGFR2
was initially tested in 42 pairs of GC tumors and their corre-
sponding nontumor tissues by qPCR. Upregulation of HER2,
¢-MET, and FGFR2 was detected in 18 of 42 (42.85%), 15 of
42 (35.17%), and 16 of 42 (38.09%) of GC tumors compared
with their normal counterparts (P<<0.0001; Figure 3).

Characteristics of HER2, c-MET, and

FGFR2 coexpression
In the coexpression study of the three RTKs, 43 patients
(30.1%) were positive for only one RTK, 37 patients (25.8%)
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c-MET HER2

FGFR2

Figure | Evaluation of immunohistochemical staining for c-MET, FGFR2, and HER2 (x400).
Notes: Immunostaining scores of 0+, I+, 2+, and 3+ indicating overexpression of HER2 (A-D), c-MET (E-H), and FGFR2 (I-L), respectively.
Abbreviations: FGFR2, fibroblast growth factor receptor 2; HER2, human epidermal growth factor receptor 2.
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Figure 2 Representative features of SISH of HER2 GCN gain.

Notes: (A) HER2 GCN gain (x200), (B) HER2 GCN gain (x400).
Abbreviations: GCN, gene copy number; HER2, human epidermal growth factor
receptor 2; SISH, silver in situ hybridization.

were simultaneously positive for two RTKSs, five patients
(3.5%) had triple-positive status, and 58 patients (40.6%)
had triple-negative status. Regarding the coexpression of
two RTKs specifically, 34 patients (23.8%) were c-MET+/
FGFR2+, ten patients (7%) were c-MET+/HER2+, and eight
patients (5.6%) were FGFR2+/HER2+. The details of the
coexpression are depicted in Figures 4 and 5.

Clinical outcomes of three RTKs

We performed survival analyses in the 143 patients. The
median follow-up time was 42+13.7 months, and there were
72 deaths. The Kaplan—Meier curves for OS according to each
RTK are shown in Figure 5. The OS between c-MET-positive
and c-MET-negative patients was significantly different
(median, 27 months [95% confidence interval {CI}, 24.4-30.9
months] vs 32 months [95% CI, 29.4-35.4 months]; HR,
1.14, log-rank P=0.018; Figure 6A); for FGFR2, there was
also a significant difference in OS between FGFR2-positive
and FGFR2-negative patients (median, 24 months [95% CI,
19.1-30.3 months] vs 31 months [95% CI, 28.7-33.5 months];
HR, 1.14; log-rank P=0.012; Figure 6B). Similar to c-MET
and FGFR2, there was a significant difference between OS
in HER2-positive and HER2-negative patients (median,
23 months [95% CI, 17.8-30.3 months] vs 31 months [95% CI,
28.7-33.3 months]; HR, 1.14; log-rank P=0.049; Figure 6C).
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Table 2 IHC scores of HER2, ¢-MET, and FGFR2

IHC 0+ 1+ 2+ 3+

score No Percentage No Percentage No Percentage No Percentage
HER2 109 76 12 8 14 10 8 6

c-MET 53 37 22 15 45 31 23 16

FGFR2 76 32 18 12 35 24 14 10

Abbreviations: FGFR2, fibroblast growth factor receptor 2; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemical.

Coexpression and survival

In the subclassification based on all possible combinations,
patients who were both ¢c-MET- and FGFR2-positive had
significantly poorer outcomes than the other patients (median,
26 months [95% CI, 21.7-31.0 months] vs 31 months
[95% C1, 28.8-33.8 months]; HR, 1.14; log-rank P=0.036;
Figure 6D). Patients who were both ¢c-MET- and HER2-
positive had significantly worse survival as compared to
the other patients (median, 19 months [95% CI, 11.7-23.2
months] vs 31 months [95% CI, 28.7-33.3 months]; log-rank
P=0.010; Figure 6E). Patients who were both FGFR2- and
HER2-positive had worse prognosis compared with the other
patients (median, 21 months [95% CI, 11.4-29.6 months] vs
31 months [95% CI, 28.5-33.1 months]; log-rank P=0.010;
Figure 6F). Similarly, patients with triple-positive tumors
had significantly poorer clinical results than the other patients
did (median, 21 months [95% CI, 11.1-31.5 months] vs
31 months [95% CI, 28.3—32.9 months]; log-rank P=0.033;
Figure 6G). In the subgroup analysis, triple-positive patients
had the poorest OS, and triple-negative patients had the best
survival as compared to patients with overexpression of one
or two RTKs (P=0.013; Figure 6H).

Cox multivariate regression analysis
Univariate analysis determined that tumor type, location,
differentiation; depth of invasion; lymph node metastasis;

clinical stage; and c-MET, FGFR2, and HER2 overexpres-
sion had significant prognostic value (P<<0.05). However, the
differences disappeared in multivariate analysis (Table 3).

Discussion

Previous studies have reported that the frequency of THC
detection of HER2 overexpression in GC varies from 10%
to 22.1%,%* that of c-MET varies from 9% to 83%,* and
that of FGFR2 varies from 10% to 61%.%"* The varied range
of overexpression of these three RTKs is likely due to differ-
ing methods, lack of standardized diagnosis criteria, tumor
sample heterogeneity, and possible geographic differences.
Considering these factors, whole tissue sections instead of
tissue microarrays were examined, using surgical specimens
instead of biopsy specimens in the present study to reduce
the false-negative rate caused by tumor heterogeneity. In
addition, new diagnostic criteria and antibodies that are
employed in current clinical trials to improve IHC accuracy
were used. In the present study, IHC analysis was performed
in a large Chinese cohort, and HER2, ¢c-MET, and FGFR2
overexpression in 10.5% (15/143), 47.6% (68/143), and
34.3% (49/143) of cases, respectively, was found, which is
within the range of previous reports. Meanwhile, our results
confirm the findings that Chinese patients with GC have a
lower HER2-positive rate (10%—15%) than White patients
do (22.1%).40
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Figure 3 Upregulation of mRNA level of HER2, c-MET, and FGFR2 in 42 cases of GC.

Notes: (A) Relative expression of HER2, c-MET, and FGFR2 in GC cancer. Expression of HER2, c-MET, and FGFR2 in 42 primary GC cases was compared by qRT-PCR
between tumor tissues and their paired nontumorous tissues. GAPDH was set as internal control. (B) The expression of HER2, c-MET, and FGFR2 in eight gastric cancer
tissues was compared with the corresponding nontumorous tissues (normal) by RT-PCR.

Abbreviations: FGFR2, fibroblast growth factor receptor 2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GC, gastric cancer; HER2, human epidermal growth

factor receptor 2; qRT-PCR, quantitative real-time polymerase chain reaction.
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Gastric cancer
(N=143)

3.5% HER2+

3.5%
2.1%

FGFR2+

Figure 4 The relationship among three RTKs in patients with GC.

Note: The percentages of coexpression among HER2, FGFR2, and c-MET in patients
with GC are depicted.

Abbreviations: FGFR2, fibroblast growth factor receptor 2; GC, gastric cancer;
HER2, human epidermal growth factor receptor 2; RTK, tyrosine kinase receptor.
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Figure 5 Coexpression status of RTKs.

Based on the relationship between the clinicopathological
features and the overexpression of the three RTKs, it was
observed that both c-MET and FGFR2 overexpression was
more frequently related with diffuse tumor subtype, poor
tumor differentiation, depth of tumor invasion, lymph node
metastasis, and clinical stage, which is consistent with the
findings of previous studies.’'>* Moreover, HER2 overex-
pression and well-differentiated tumors were significantly
correlated. However, HER2 overexpression was not associ-
ated with tumor subtype, depth of tumor invasion, lymph node
metastasis, and clinical stage. Despite previous research dem-
onstrating that HER?2 is more frequently overexpressed in the
gastroesophageal junction than in the stomach,'® there was no
significant difference between HER2 overexpression and the
location of GC in our study. Different populations, antibodies,
and diagnostic criteria maybe the leading causes of the dif-
ference, especially as our cohort contained a large proportion
of patients with diffuse GC with low HER2 expression. Our
findings are supported by several studies that evaluated HER2
by performing IHC as well as gene amplification.>*3¢
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Notes: Expression of c-MET, FGFR2, and HER2 in one RTK-positive (A) and two RTK-positive (B) patients, respectively. Coexpression of the three RTKs in triple-positive

(C) and two RTK-positive (D) patients.

Abbreviations: FGFR2, fibroblast growth factor receptor 2; HER2, human epidermal growth factor receptor 2; RTK, tyrosine kinase receptor.
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Figure 6 OS curves stratified by RTK coexpression.
Notes: OS analysis according to ¢-MET (A), FGFR2 (B), and HER2 (C) status, c-MET+/FGFR2+ (D), c-MET+/HER2+ (E), FGFR2+/HER2+ (F), and triple-positive status (G),

and number of RTKs (H).

Abbreviations: FGFR2, fibroblast growth factor receptor 2; HER2, human epidermal growth factor receptor 2; OS, overall survival; RTK, tyrosine kinase receptor.

Table 3 Cox proportional hazard regression analyses for OS

Clinical features

Univariate analysis

Multivariate analysis

HR (95% CI) P-value HR (95% ClI) P-value
Tumor location 0.618 (0.392-0.972) 0.037 0.554 (0.346-0.887) 0.054
Tumor differentiation 0.654 (0.491-0.869) 0.003 0.654 (0.416-1.027) 0.065
Tumor type 1590 (1.093-2.313) 0.015 1123 (0.654—1.955) 0.682
Tumor invasion 2.070 (1.403-3.053) 0.000 1.939 (1.228-3.061) 0.004
LN metastasis 1935 (1.210-3.094) 0.006 1565 (0.881-2.779) 0.026
c-MET positive 1920 (1.195-3.086) 0.007 0.834 (0.456—1.542) 0.554
FGFR2 positive 1.945 (1.217-3.109) 0.005 0.822 (0.464—1.457) 0502
HER2 positive 1.926 (0.985-3.766) 0.045 2.896 (1.392-6.024) 0.004

Note: P<<0.05 are shown in bold.

Abbreviations: Cl, confidence interval; FGFR2, fibroblast growth factor receptor 2; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; LN, lymphnode.
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Regarding the RTK protein expression patterns as
determined by IHC, it was found that staining location was
correlated with tumor differentiation. In the present study,
c-MET and FGFR2 overexpression was mainly found in
poorly differentiated tumors and with cytoplasmic and
nuclear staining. On the contrary, HER2 was always found
in well-differentiated tumors and with membrane staining.
Although the exact reason for the discrepancy is unknown,
our results are confirmed by recent studies. Wiedlocha et al
reported evidence that FGFR2 translocation from the cyto-
plasm to the nucleus is imperative for inducing cell prolifera-
tion in in vitro studies.’” In addition, Behrens et al indicated
that cytoplasmic overexpression of FGFR2 is related to
better clinical outcome but that nuclear overexpression is
related to worse outcome.*® Presently, molecular-targeted
therapeutic drugs against FGFR2 and c-MET do not appear
to be specific for nuclear targets. Our findings may provide
evidence for improving the therapeutic effect of c-MET and
FGFR2 antibodies.

In the survival analysis, c-MET and FGFR2 overex-
pression was significantly associated with OS (P=0.041
and 0.031, respectively), which is in line with previous
studies.*513% However, the differences disappeared in mul-
tivariate analysis. Contradictory results have been reported
on the prognostic value of HER2: one study demonstrated
that HER2 was significantly associated with survival,’ but
another reported opposite results.*® In our study, HER2 over-
expression had prognostic significance in both univariate and
multivariate analysis (P<<0.05).

In the survival analysis, c-MET and FGFR2 overex-
pression was significantly associated with OS (P=0.018
and 0.004, respectively), which is in line with previous
studies.*>133% However, the differences disappeared in mul-
tivariate analysis. Contradictory results have been reported
on the prognostic value of HER2: one study demonstrated
that HER2 was significantly associated with survival,’ but
another reported opposite results.” In our study, HER2 over-
expression had prognostic significance in both univariate and
multivariate analysis.

In the present study, 60% of patients (85/143) expressed
at least one of the three RTKs, and 29.3% of patients (42/143)
were simultaneously multiple-positive in the same sample,
which is in line with recent studies. Recently, Nagatsuma et al**
reported the expression patterns of four RTKs by IHC in a
large Japanese cohort. They found that 63.1% of patients with
resected GC expressed at least one of four RTKs. Moreover,
22.7% of cases expressed multiple RTKs simultaneously in
the same sample.”® A study detailing a molecular genomic

map of GC demonstrated that, collectively, 37% of cases
exhibit at least one RTK amplification event.®’ Guo et al
explored the expression of four RTKs in a GC cohort and
reported that ~90% of GC tissue showed the upregulation of
at least one of four proteins, including c-MET and FGFR2,
while all four proteins were overexpressed in 20% of the
tissues.® The coexpression profile of RTKSs is of great value
for the multitargeting therapy and combination of target
drugs in GC.

Based on clinical experience, even within HER2-positive
patients with GC, 50% exhibited primary resistance, and
the majority of the initially responding patients developed
secondary resistance within a year. Given the common
downstream pathway, the alternative activation of RTKs and
the crosstalk between the signaling pathways have been con-
sidered a significant mechanism contributing to resistance to
inhibitors targeting epidermal growth factor receptor (EGFR)
family members as well as HER2 in GC.%% In the present
study, the rate of HER2/c-MET coexpression was 7%, that
of HER2/FGFR2 was 5.6%, and that of triple-positive GC
was 3.5%. Furthermore, HER2+/c-MET+, HER2+/FGFR2+,
and triple-positive status was significantly associated with
poor clinical outcome when the cohort was subdivided by
coexpression status. Recently, Fuse et al analyzed Japanese
patients with GC and characterized the rate of HER2 and
¢-MET coexpression as 8%, which is in line with our report.®®
Shattuck et al reported that c-MET signal activation was
responsible for trastuzumab resistance in breast cancer.*
Khoury et al found that hepatocyte growth factor/c-MET
converted HER2-positive breast epithelial morphogenesis to
cell invasion as a consequence of cooperation downstream
of these signals.®” Similarly, Corso et al uncovered poor
response to c-MET inhibitors in patients with c-MET over-
expression and with HER family member activation.®® Chen
et al demonstrated that c-MET activation led to resistance
to lapatinib (a dual tyrosine kinase inhibitor: anti-EGFR
and anti-HER2) in HER2-amplified GC.®* Considering the
crosstalk and coexpression between the signaling pathways,
it is speculated that c-MET overexpression could potentially
be a contributing factor to the low response rates of anti-
HER2-targeted therapy observed in the clinic. Therefore,
combined-targeted therapy of HER2 and ¢c-MET is likely to
be a promising approach for overcoming drug resistance and
improving the survival of patients with GC.

In conclusion, there is a significant association between
RTK co-overexpression, poor clinical outcome, and
therapeutic drug resistance. Better understanding of RTK
expression status in GC would allow for patient-tailored
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therapy based on biomarker-assisted population selection.
Our study may provide more evidence for further GC
multitargeting therapy.
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