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Abstract. Background/Aim: This study aimed to evaluate
the relationship between clinical outcomes and intra-tumoral
fibroblast growth factor receptor 2 (FGFR2) expression in
human epidermal growth factor receptor 2 (HER2)-positive
gastric cancer (GC) patients who had undergone HER2targeted chemotherapy. Patients and Methods: A
retrospective analysis was performed in 22 patients with
HER2-positive GC, who had undergone systemic
chemotherapy. We performed immunohistochemistry staining
of FGFR2 expression using surgically resected specimens or
biopsied samples and evaluated clinicopathological
characteristic and overall survival (OS) in the FGFR2negative and -positive GC groups. Results: A total of 8 and
14 patients were placed in the FGFR2-negative and -positive
group, respectively. The median OS rates were 56.2 and 16.0
months in the FGFR2-negative and -positive groups,
respectively. The FGFR2-negative group had a significantly
better prognosis after HER2-targeted chemotherapy
[p=0.027 (log-rank test)]. The univariate analysis revealed
that performing gastrectomy, response to combination
chemotherapy with trastuzumab, and FGFR2 positivity were
significantly correlated with OS. In a multivariate analysis,
the response to combination chemotherapy with trastuzumab

(p=0.008) was significantly correlated with OS. In addition,
the proportions of patients who showed CR or PR in
response to chemotherapy were 87.5 and 42.9% in the
FGFR2-negative and -positive groups, respectively
(p=0.031). Conclusion: HER2-positive GC patients, without
overexpression of FGFR2, exhibited an improved prognosis
and response rate to trastuzumab combination
chemotherapy. Assessment of intra-tumoral FGFR2
expression could be helpful in predicting the prognosis and
response to trastuzumab in HER2-positive GC patients.

Gastric cancer (GC) is one of the most common types of
malignant tumors, and the third most common cause of cancer
mortality worldwide (1). Although early GC is curable,
advanced GC is still associated with a poor survival, and the
curative treatment consists of a gastrectomy combined with
perioperative chemotherapy (2, 3). A randomized, controlled
trial of reduction surgery plus chemotherapy, versus
chemotherapy alone for stage IV GC (REGATTA trial), failed
to show any improved prognosis associated with surgery (4).
Thus, systemic chemotherapy has remained the essential
treatment for metastatic or recurrent GC. The recent progress
of systemic chemotherapeutic and targeted agents could
provide significant improvement in the survival rates of GC
patients with metastasis. However, the prognosis of metastatic
GC patients remains poor with a 5-year overall survival (OS)
rate of around 5-20% (5).
Human epidermal growth factor receptor 2 (HER2) is a
proto-oncogene, which is encoded by ERBB2 on chromosome
17. It is also a transmembrane tyrosine kinase receptor of
185kDa (6, 7). The rate of HER2-overexpression in GC is
reported as between 7% to 34% (8). In HER2-overexpressing
metastatic GC, trastuzumab, a recombinant humanized
monoclonal antibody directed against HER2, has been used
for systemic chemotherapy as first-line treatment. The ToGA
trial demonstrated that addition of trastuzumab to a double
chemotherapeutic regimen with cisplatin and fluoropyrimidine

Correspondence to: Naohiko Nakamura, MD, Ph.D., Department of
Surgical Oncology, Kanazawa Medical University Hospital, 1-1
Daigaku, Uchinada, Kahoku, Ishikawa, Japan. Tel: +81 0762862211,
Fax: +81 0762864626, e-mail: n1982422@kuhp.kyoto-u.ac.jp

Key Words: Gastric cancer, FGFR2, HER2, trastuzumab.

©2022 International Institute of Anticancer Research
www.iiar-anticancer.org

This article is an open access article distributed under the terms and

conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0

international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

293

CANCER DIAGNOSIS & PROGNOSIS 2: 293-299 (2022)
improved OS in HER2-positive metastatic gastric or
gastroesophageal junction adenocarcinoma patients (9).
Trastuzumab significantly improved the prognosis of HER2positive GC patients, although even responding patients
inevitably worsened due to a limited response or acquired
resistance to trastuzumab (10). Therefore, understanding and
predicting the therapeutic resistance to trastuzumab is critical
in deciding upon the therapeutic strategy and thus improving
the prognosis in metastatic HER2-positive GC patients.
Fibroblast growth factor receptor 2 (FGFR2), a tyrosine
kinase receptor, has been shown to be activated in several
types of cancers through a variety of mechanisms, including
gene amplification, translocations, and point mutations (11).
In a meta-analysis of studies on FGFR2 overexpression, GC
patients have a wide range of FGFR2 overexpression
frequencies from 2.5 to 61.4% (12). In recent years, the
relationship between FGFRs activation and HER2-targeted
therapy resistance has been reported in breast and esophageal
GC (13-15). In addition, GC patients with a combined
overexpression of HER2 and FGFR2 showed poor prognosis
after gastrectomy (16). It is suggested that the poor prognosis
associated with HER2-positive patients might be caused by
HER2-targeted therapy resistance due to FGFR2 activation.
However, the predictive significance of FGFR2 expression
for prognosis or chemotherapy response in HER2-positive
GC patients is still inconclusive. This study aimed to
evaluate the relationship between clinical outcomes and
intra-tumoral FGFR2 expression in HER2-positive GC
patients who had undergone HER2-targeted chemotherapy.

Abcam, Cambridge, UK; 1:200 dilution) with 4 μm sections from
formalin-fixed and paraffin-embedded tumor specimens. The
staining intensity of each tumor cell, and proportion of tumor cells
with an FGFR2 overexpression in each section, was assessed
according to a previous report (19). In IHC, ≥50% of the tumor cells
expressed high FGFR2 was defined as FGFR2-positive.
Representative IHC images are shown in Figure 1. We evaluated
overall survival (OS) in the FGFR2-negative and FGFR2–positive
GC patients. OS was measured from the date that chemotherapy was
initiated for metastases or postoperative recurrences, until the
patient’s death by GC or other causes. In the case of patients who
survived during our analysis, the date of the last follow-up was
December 31, 2020. The association between clinicopathological
factors and OS was assessed by means of univariate and
multivariate analyses.

Treatment. Postoperative adjuvant chemotherapy for advanced GC
consisted of S-1 monotherapy or S-1 combination with another
drug. Patients with residual tumors, metastases, or postoperative
recurrences underwent systemic chemotherapy according to the
Japanese GC treatment guidelines (18). As first-line chemotherapy,
trastuzumab combined with capecitabine plus cisplatin, capecitabine
plus oxaliplatin, or S-1 plus oxaliplatin were administered to
patients. Responses of the target lesions to chemotherapy were
classified according to the Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines (20), as complete response (CR),
partial response (PR), stable disease (SD), and progressive disease
(PD). When the patients showed PD during chemotherapy, we
changed the regimen or performed palliative care based on the
guidelines and the patients’ general conditions.

Statistical analysis. Data were expressed as n (%) or mean (±standard
deviation). Continuous variables and categorical variables were
compared using the Student’s t-test and the χ2 test, respectively. All
p-values were two-sided, and differences with p<0.05 were
considered to be statistically significant. An OS analysis was
performed using the Kaplan-Meier method, and results were
examined using the log-rank test. Cox’s proportional hazards
regression model was used to identify clinicopathological factors that
were independently associated with survival. Variables that were
associated with an OS rate of p≤0.10 in the univariate analysis, were
included in the multivariate analysis. The JMP software version 8.0
(SAS Institute, Cary, NC, USA) was used for all statistical analyses.

Patients and Methods

Patients. A retrospective analysis was performed using the medical
records of 22 patients with HER2-positive GC, who had undergone
systemic chemotherapy for metastases or postoperative recurrences
at the Kanazawa Medical University Hospital, between January
2009 and December 2020. Clinicopathological data before the
treatment, such as patient sex, age, tumor type, tumor location,
tumor differentiation, and HER2 status by means of
immunohistochemistry (IHC), were collected from the records of
our Hospital. We also extracted the results of blood examinations
before chemotherapy, that included information on the serum levels
of carcinoembryonic antigen (CEA), and carbohydrate antigen 199 (CA 19-9). Based on the results of the clinicopathological
examination, patients were staged using the 8th edition of the UICC
(17) according to the extent of lymph node metastasis (N) and
distant metastasis (M). Gastrectomy and lymph node dissection
were performed according to the 2014 Japanese GC treatment
guidelines (version 4) (18). This study was approved by the
Medicine Ethics Committee of Kanazawa Medical University. The
research reported in this paper was in compliance with the Helsinki
Declaration. We obtained written informed consent from all patients.

Results

Patient characteristics in the FGFR2-negative and -positive
groups. Of 22 patients, 8 were placed in the FGFR2-negative
group, and 14 were placed in the FGFR2 positive group. The
clinicopathological characteristics of both groups are shown
in Table I. The mean age for the negative group was 71.8 and
the mean age for the positive group was 73.8 years. There
was no significant difference between groups in terms of
HER2 status and tumor characteristics including tumor type,
location, and differentiation. The proportion of patients with
stage IV GC before treatment was more than 60% in both
groups. Although the proportion of patients who underwent
gastrectomy tended to be higher in the FGFR2-negative

Evaluations. We performed IHC staining of FGFR2 expression
using surgical resected specimens or biopsied samples of HER2positive GC patients. We used the ant-FGFR2 antibody (ab58201,
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Figure 1. Representative immunohistochemistry (IHC) images for the expression of Fibroblast growth factor receptor 2 (FGFR2) protein in the
FGFR2-negative and -positive groups.
Table I. Patient characteristics.
Sex (male)
Age
HER2 score=3
Tumor type 3 or 4
Tumor location (U/M/L)
Tumor differentiation (por-sig)
Stage IVa (before the treatment)
Postoperative recurrence (+)
Gastrectomy (+)
CEA (ng/ml)
CA19-9 (U/ml)

FGFR2-negative (n=8)

7 (87.5%)
71.8 (±3.0)
5 (62.5%)
6 (75.0%)
2/5/1 (25.0/62.5/12.5%)
2 (25.0%)
5 (62.5%)
3 (37.5%)
6 (75.0%)
14.6 (±72.8)
261.3 (±109.2)

FGFR2-positive (n=14)

11 (78.6%)
73.8 (±2.3)
11 (78.6%)
6 (42.9%)
4/4/6 (28.6/28.6/42.9%)
1 (7.1%)
9 (64.3%)
5 (35.7%)
6 (42.9%)
98.9 (±55.0)
177.4 (±82.5)

p-Value
0.59
0.59
0.42
0.14
0.21
0.25
0.93
0.93
0.14
0.37
0.55

Values are in n (%) or mean (±standard deviation). aThe 8th edition of the International Union Against Cancer (UICC) tumor-node-metastasis (TNM)
classification (17). CEA, Carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.

group, there was no significant difference between the
groups (p=0.14). Regarding the pretreatment levels of tumor
markers (CEA and CA 19-9), no significant difference was
observed between the groups.

Overall survival in the FGFR2-negative and -positive
groups. In all the patients with a HER2-positive GC, the
median OS rate was 24.6 months. The median OS rates were
56.2 and 16.0 months in the FGFR2-negative and -positive
295
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Figure 2. Overall survival rates and response rates to trastuzumab in the FGFR2-negative and -positive groups. (A) The median overall survival
rates were 56.2 and 16.0 months in the FGFR2-negative and -positive groups, respectively [p=0.027 (log-rank)]. (B) The proportion of patients
who showed complete response (CR) or partial response (PR) to the combination chemotherapy with trastuzumab.

groups, respectively (Figure 2A). The FGFR2-negative group
had a significantly better prognosis after HER2-targeted
chemotherapy [p=0.027 (log-rank)].

regimen could contribute towards a good prognosis in FGFR2negative patients with HER2-positive GC.

Discussion

Correlation between clinicopathological factors and overall
survival. The univariate analysis revealed that performing
gastrectomy (p=0.06), response to the combination
chemotherapy with trastuzumab (CR or PR; p=0.0007), and
FGFR2-positive (p=0.03) were significantly correlated with
OS (Table II). In a multivariate analysis, the response to
combination chemotherapy with trastuzumab (p=0.008) was
significantly correlated with OS. However, FGFR2-positivity
was not an independent prognostic factor in HER2-positive
GC patients who had undergone chemotherapy.

In this study, we assessed the relationship between clinical
outcomes and intra-tumoral FGFR2 expression in HER2positive GC patients with metastases or postoperative
recurrences. We found that HER2-positive GC patients,
without an overexpression of FGFR2, showed an improved
prognosis due to a better response to chemotherapy
combined with trastuzumab. Generally, HER2- as well as
FGFR2-positive GC is more frequently associated with
venous invasion and an advanced tumor stage, compared to
-negative GCs (21). In a recent study of a Japanese cohort
of HER2-negative GC patients, no obvious relationships
between the response rate for first line chemotherapy and
FGFR2 expression in IHC were found (19). However, the
role of FGFR2 expression as a prognostic factor remains
unclear in HER2-positive GC patients who have undergone
systemic chemotherapy using trastuzumab for metastases or
postoperative recurrences.
The FGFR2 receptor, tyrosine kinase, regulates cell
proliferation, differentiation and motility, and its frequent
dysregulation, like gene amplification, is linked to tumor
formation in GC (22, 23). It has been reported that FGFR2
gene amplification and FGFR2 expression is found in 1.8-15%
and 2.5-61.4% of GC, respectively (15, 24). In addition, both
amplification and expression have been associated with poor
prognosis in GC patients (25, 26). Shoji et al. also reported
that advanced GC patients with FGFR2 amplification had

Response to trastuzumab in the FGFR2-negative and -positive
groups. Combination chemotherapy with trastuzumab,
capecitabine plus cisplatin, capecitabine plus oxaliplatin, and
S-1 plus oxaliplatin regimens were combined in nine, four,
and eight patients, respectively. One patient was administered
a combined trastuzumab and paclitaxel regimen. The
proportions of patients who showed CR or PR in response to
chemotherapy were 87.5 and 42.9% in the FGFR2-negative
and -positive groups, respectively (p=0.031) (Figure 2B). In
the FGFR2-positive and FGFR2-negative groups, the
proportion of patients who underwent a second-line regimen
and more than a third-line regimen were 62.5 vs. 78.6%
(p=0.42) and 25.0 vs. 28.6% (p=0.86), respectively. There
were no significant differences in the response rates to secondand third-line chemotherapy between the groups. These data
indicated that the response to a trastuzumab combination
296
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Table II. Univariate and multivariate analyses to identify prognostic factors in HER2-positive GC patients who underwent chemotherapy.
Univariate analysis

Sex (male)
Age (>75)
HER2 score 3
Tumor type 3 or 4
Tumor location (U)
Tumor differentiation (por-sig)
Stage IVa (before the treatment)
Postoperative recurrence (+)
Gastrectomy (+)
CEA (>5 ng/ml)
CA19-9 (>37 U/ml)
CR or PR to chemotherapy with trastuzumab
FGFR2 positive in IHC

Hazard ratio
0.35
1.58
0.89
1.58
1.89
1.62
1.47
0.60
0.28
0.66
0.94
0.08
4.55

p-Value

0.26
0.48
0.86
0.46
0.34
0.56
0.55
0.42
0.06
0.49
0.92
0.0007
0.03

Multivariate analysis

Hazard ratio

p-Value

0.52

0.36

0.12
1.76

0.008
0.55

aThe 8th edition of the International Union Against Cancer (UICC) tumor-node-metastasis (TNM) classification (17). CEA, Carcinoembryonic
antigen; CA 19-9, carbohydrate antigen 19-9.

significantly shorter OS than those without FGFR2
amplification (9.1 vs. 16.5 months) (27). While we did not
assess FGFR2 amplification, overexpression of the FGFR2
protein in the tumor legion was associated with poor
prognosis, even in our analysis. Regarding FGFR2
amplification, a previous report has shown that there is a nonoverlap with HER2 expression in GC patients (28). On the
other hand, 5.6% of GC patients were reported to have a coexpression of FGFR2 and HER2 proteins in their tumor
lesions (16). In our cohort, more than 60% of patients had a
co-expression of FGFR2 and HER2. We defined that ≥50%
tumor cells expressed high FGFR2 as positive for FGFR2 in
IHC, so the degree of the FGFR2 expression might affect the
FGFR2 positivity rate. The median OS in the FGFR2-positive
group was 16.0 months, significantly shorter than that of the
FGFR2-negative group. A median survival rate of 21 months
was confirmed in patients manifesting co-expressions of
FGFR2 and HER2 (16). It was considered that as we had
analyzed only metastatic HER2-positive GC patients, we may
have obtained a lower OS rate in the FGFR2-positive group,
in comparison with previous research. In contrast, the FGFR2negative group exhibited an improved prognostic rate (median
OS=56.2 months). A multivariate analysis determined that
responses to the combination chemotherapy with trastuzumab
were independently correlated with OS, in spite of FGFR2
expression status. This indicates that the good response to
trastuzumab combination chemotherapy could be essential in
improving the prognosis of HER2-positive patients. Although
there was no significant difference in the clinicopathological
characteristics between the groups, the proportion of patients
who underwent gastrectomy, regardless of whether they had

received a curative or non-curative resection, tended to be
higher in the FGFR2-negative group, compared with the
FGFR2-positive group. Therefore, a primary tumor resection
by gastrectomy might contribute to improved prognosis in the
FGFR2-negative group.
We also evaluated that more than 80% patients in the
FGFR2-negative group revealed CR or PR in response to
combination chemotherapy with trastuzumab. Although the
role of FGFR2 expression in the chemotherapy response to
HER2-positive GC has yet to be identified, FGFR activation
was reported to affect resistance to HER2-targeted therapies
in breast cancer, as well as esophageal GC (12-14). For
instance, FiGhTeR trial is a phase II trial that aims to assess
the safety and activity of the FGFR (1, 2, and 3) inhibitor in
HER2-trastuzumab resistant GC patients (29). As mentioned
before, in the ToGA study, the median OS was 13.8 months,
and the response rate was 47.3% in patients who had been
treated with trastuzumab plus chemotherapy (9). Compared
to the results of the ToGA study, our results showed greater
median OS and response rates in the FGFR2-negative group.
The FGFR2 expression itself was not a significant
independent factor contributing to OS in multivariate
analysis, but the response to trastuzumab plus chemotherapy
obviously promoted the improvement in prognosis of HER2positive GC patients. Our results suggest that intra-tumoral
FGFR2 expression may predict the response to trastuzumab
plus chemotherapy and be a useful factor to take into account
when deciding upon a chemotherapy strategy that may
improve the prognosis of HER2-positive GC patients.
However, we were not able to unravel the mechanism of
FGFR2 signaling as a key mediator of resistance to anti297
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HER2 therapy. A previous study showed that tumorassociated fibroblasts promoted HER2-targeted therapy
resistance through FGFR2 activation. Therefore, the tumor
microenvironment including the immune cells, might be
essential players in HER2-targeted therapy resistance that is
induced by FGFR2 activation or signaling.
While we believe that our study brings a new perspective
to the relationship between clinical outcomes and intratumoral FGFR2 expression in HER2-positive GC patients, it
also has certain limitations. It was a retrospective study
performed at a single Institution, and the sample size was
small. To confirm the significance of FGFR2 expression in
HER2-positive GC patients who undergo anti-HER2
chemotherapy, further work with a prospective cohort study
in multiple institutions is, therefore, warranted.
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Conclusion

We showed that HER2-positive GC patients, without FGFR2
overexpression, exhibited an improved prognosis and
response rate to trastuzumab combination chemotherapy for
metastases or postoperative recurrences. Assessment of intratumoral FGFR2 expression in IHC could be helpful in
predicting the prognosis and response to trastuzumab in
HER2-positive GC patients.
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