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Pulmonary arteriovenous fistulae (PAFs) occur congenitally or are acquired. A PAF can cause hypoxemia,
sudden death from rupture, abscess formation, and embolism. Treatment for PAF is transcatheter em-
bolization or surgery. Transcatheter embolization is the first choice of treatment; however, this treatment
is impossible to perform if a patient has had tricuspid or pulmonary valve replacement. In this paper, we
describe a case of PAFs complicated with tricuspid valve replacement with a ball valve (which had been
performed 40 years earlier) that was treated with transcatheter embolization.

<Learning objective: Although the ball valve was discontinued more than 40 years ago, it is still the only
mechanical valve that allows catheter passage. We report a case of successful treatment of pulmonary
arteriovenous fistula by passing a catheter through a ball valve.>

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

The Starr-Edwards (S-E) ball valve was developed in the 1960s
[1] and was most actively implanted in Japan in the mid-1970s.
In Japan, at least 1811 valves were implanted by 1976 [2]. It was
thereafter replaced by the tilting-disc valve. Currently the S-E ball
valve is not used in Japan, therefore we have rarely seen patients
with the S-E ball valve. However, S-E ball valve is still the only
mechanical valve that a catheter can pass through.

Pulmonary arteriovenous fistulae (PAFs) is a disease for which
transcatheter treatment has recently become the first choice, and
can cause hypoxemia, sudden death due to rupture, abscess forma-
tion, and embolism. However, transcatheter embolization for PAFs
through mechanical tricuspid or pulmonary valve is generally im-
possible. We experienced a case of transcatheter treatment for gi-
ant PAFs in a patient who had undergone tricuspid S-E ball valve
replacement more than 40 years earlier.

* Corresponding author.
E-mail address: say.fiftystorm@gmail.com (S. Matsuo).

https://doi.org/10.1016/j.jccase.2021.05.006

Case report

The patient was a 67-year-old woman. At 24 years old, she un-
derwent tumor resection and tricuspid valve replacement with an
S-E ball valve (model 2320) because of severe tricuspid regurgita-
tion complicated with right atrial myxoma adhering to the tricus-
pid valve. Bilateral thoracic drains were inserted for several days
after the surgery. She had never been hospitalized since discharge.

She experienced breathing difficulty and was transported to our
hospital at 67-years-old. Her oxygen (O, ) saturation was 80% (O, at
10 L/min) and her body temperature was 39.3°C. Chest auscultation
revealed coarse crackles in a wide range of the bilateral lungs and
continuous vascular noise at the inferior left lung field. Clubbed
fingers were noted. She had no signs of hereditary hemorrhagic
telangiectasia (HHT) such as vasodilator lesions on the skin or mu-
cous membranes.

Chest X-ray imaging revealed abnormal vascular shadows in
the lower left lung field (Fig. 1A). Her fever improved with an-
tibiotics administration, although her arterial blood gas levels did
not improve: the partial pressure of carbon dioxide (CO,) and O,
was 30.0 mmHg and 68.4 mmHg (room air), respectively. Three-
dimensional computed tomography (3D-CT) revealed large PAFs in

1878-5409/© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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mm and 20 mm, respectively.

The chest X-ray image on admission (A). The yellow circle shows abnormal vascular shadows in the lower left lung field. The red arrow shows the Starr-Edwards
ball valve. The computed tomography (CT) findings. The contrast CT image (B). The three-dimensional CT image (C). Large pulmonary arteriovenous fistulae (PAFs)
are in the inferior lobe of the left lung field (yellow and black circles). The diameter of the PAFs inflow artery and the aneurysmal formation is approximately 10

C

the inferior lobe of left lung with an inflow artery diameter of
10 mm and an aneurysmal formation diameter of 20 mm (Fig. 1B
and C). Technetium-99m (%*™Tc)-macro-aggregated albumin (MAA)
pulmonary perfusion scintigraphy showed a filling defect in the in-
ferior lobe of the left lung, a right-left shunt rate of 26.3% with the
whole body scan method, and extrapulmonary organs such as the
brain, intestinal tract, and kidneys (Fig. 2A). Based on these find-
ings, her PAFs were serious and had the risks of abscess, rupture,
and embolism.

Transthoracic echocardiography indicated a mild level of tricus-
pid regurgitation, normal ejection fraction (71%, based on the M-
mode), and no findings of pulmonary hypertension. Fluoroscopic
examination revealed full mobility of her artificial tricuspid ball
valve (Fig. 3A and B). Therefore, transcatheter coil embolization
through the artificial tricuspid ball valve was considered to be able
to treat the PAFs.

First, via right femoral vein, we confirmed that a 4-Fr JR4.0
catheter easily passed through the ball valve. A 6-Fr JR4.0 guid-
ing catheter was then inserted into the left main trunk of the
pulmonary artery (PA) with the 0.035-inch Radifocus guidewire
(Terumo Medical Corporation, Tokyo, Japan) (Fig. 3C). In advance,
we inserted a pressure line into the left femoral artery to moni-
tor hemodynamics. Even after passing the guiding catheter through
the ball valve, the ball continued to move and vital signs such as
0, saturation and blood pressure did not change. Left pulmonary
arteriography of the guiding catheter placed at the main trunk of
the left PA clearly revealed large PAFs in the left A8 and A6 ar-
eas. Three PAFs were at the A8 trunk (i.e. periphery of the caudal
branch, diameter 13 mm; lateral branch, diameter 15 mm; and cra-
nial branch, diameter 22 mm) and one PAF was at the periphery of
the A6 branch, diameter 13 mm (Fig. 3D and E).

A 4-Fr vertebral catheter in a 6-Fr JR4.0 guiding catheter
crossed A8 for coiling embolization. We first embolized the cau-
dal branch of A8 with metal coils using a 2.2-Fr microcatheter and
a 0.014-inch microguidewire (Chikai; Asahi Intec Co., Ltd, Aichi,
Japan) (Fig. 3F). We then embolized the lateral branch of A8 with
metal coils (Fig. 3G). Furthermore, after cannulating the cranial
branch of A8, we attempted to embolize the dilated blood ves-
sel with metal coils. Even after many metal coils were piled up,
the blood flow of A8 remained because the sac and inflow artery
just before the PAFs of the A8 cranial branch was large (Fig. 3H).
For this reason, we had to embolize the A8 trunk with metal

coils (Fig. 3I). Finally, we selected the periphery of the A6 branch
and piled metal coils from the periphery to the proximal branch
(Fig. 3]). Blockage of the blood flow of the PAFs was ultimately
confirmed with pulmonary arteriography. In total, 68 coils were
required to embolize the PAFs (35 Target detachable coils of 5
mm x 15 cm to 18 mm x 50 cm; Stryker, Kalamazoo, MI, USA);
3 Interlock detachable coils, 8 mm x 20 cm to 10 mm x 25 cm
(Boston Scientific, Boston, MA, USA); 9 Tornado coils, 7-8 mm
(Cook Medical, Bloomington, IN, USA); and 21 tornado microcoils,
3-8 mm. During the procedure, her O, saturation gradually im-
proved from 85% to 92% (O, at 2 L/min).

After transcatheter embolization, 9™Tc-MAA pulmonary perfu-
sion scintigraphy showed an improvement in the shunt rate from
26.3% to 12.4% and the depiction of her kidneys, intestinal tract,
and brain (Fig. 2B). The 6-minute walk distance also improved
from 210 m to 253 m. She was discharged with a reduction in
breathing difficulty.

Discussion

A PAF is a congenital or acquired shunt from an expanded in-
flowing PA to an outflowing pulmonary vein (PV). Most PAFs such
as HHT are congenital; however, the average age at diagnosis is
40 years old because PA-PV shunts often increase and become no-
ticeable with aging due to postnatal PA pressure load [3]. On the
other hand, there is a report that the average age at diagnosis is
61.8 years for PAF without HHT [4]. She had no family history sug-
gestive of HHT, and the age of diagnosis, then her PAFs were ac-
quired. Perioperative thoracic drainage at 24-years-old may be the
cause of PAFs.

Symptoms of PAF include hypoxemia caused by right-left shunt
of PA blood without passing through pulmonary capillaries, em-
bolism or abscess in the general circulation due to shunting of cap-
illaries that act as a filter, and bleeding owing to the fragility of the
fistula. However, most patients with PAFs are asymptomatic and
PAFs are often accidentally detected as abnormal shadows on chest
X-ray images obtained for other purposes or medical examinations.
Untreated PAF-related mortality has been reported as 0%-55% with
an average of 23% [5]. In particular, the risk of serious complica-
tions such as cerebral infarction is high when the inflowing PA ex-
ceeds 3 mm [6]. The therapeutic indications are symptoms present,
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99MTc-MAA, 99m-technetium macro-aggregated albumin.

The 9°™Tc-MAA pulmonary blood flow scintigraphy before (A) and after (B) catheter treatment. (A) The right-left shunt rate is 26.3%, based on the whole-body
scan method in MAA pulmonary perfusion scintigraphy before catheter treatment. Extrapulmonary organs such as the brain, intestinal tract, and kidneys are
visible. (B) The right-left shunt rate is 12.4% after catheter treatment. The extrapulmonary organs have low visibility in the image.

landem D

[ 20 ]

the size of the aneurysm exceeds 2 cm, and the inflow artery ex-
ceeds 3 mm or the fistula tends to increase [6].

PAF treatment involves 2 methods: surgical resection and tran-
scatheter treatment. In recent years, transcatheter treatment has
become the first choice for PAF because of good treatment re-
sults, minimally invasive, less loss of lung function, and repeat-
able procedure [7]. In addition, since there was a history of open
heart surgery and a mechanical valve was included, there was con-
cern about general anesthesia and the risk of thrombosis during
the perioperative period, so it was thought that catheter treat-
ment would be better. We explained each of the two treatments,
and the patient and her family requested transcatheter treatment.
On the other hand, the problems with catheter treatment are pul-
monary infarction due to coil dropout, and complications of com-
mon catheter treatments such as air embolism and arrhythmias

[8]. Therefore, it is necessary to carefully monitor the patient’s
symptoms and vital signs during the procedure by inserting an ar-
terial pressure line and regularly speaking to the patient.

No reports exist regarding PAF catheter treatment for patients
after ball valve replacement. We could find only one report in
which a ball valve had been passed by catheters: a pressure wire
was inserted into the left ventricle using a balloon catheter as the
parent catheter through an aortic replaced ball valve [9].

Her tricuspid valve was implanted with the S-E valve Model
2320. The cage that the ball contracts when the artificial valve
closes is glass-shaped. Even if the catheter is pinched between the
ball and the cage, it can be expected that the catheter will move
flex along the curved surface of the glass-shaped cage. Therefore, it
is easy to operate the catheter, and it is presumed that the catheter
did not interfere with the vertical movement of the ball.
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The fluoroscopic examination of the tricuspid Starr-Edwards ball valve. The images show (A) the systolic phase and (B) the diastolic phase. The mobility of
the Starr-Edwards ball valve is good. The catheter examination findings (C). A 6-Fr JR4.0 guiding catheter is inserted into the right atrium and a 0.035-inch
Radifocus guidewire (Terumo Medical Corporation, Tokyo, Japan) is easily crossed to the ball valve. The selective left pulmonary arteriography findings. (D) Three
pulmonary arteriovenous fistulae (PAFs) are at the A8 trunk (i.e. periphery of caudal branch, lateral branch, and cranial branch). (E) One PAF is at the periphery
of A6 branch. (F) The transcatheter coil embolization findings. After embolizing the caudal periphery of A8. (G) After embolizing the outside of A8. (H) After
embolizing the main trunk of A8. (I) Before embolizing A6. (J) After embolizing A6.
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Continued

Conclusion

We described a case of PAFs successfully treated with tran-
scatheter embolization through a tricuspid replaced S-E ball valve.
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Abstract

Objective: Fibroblast growth factor receptor 2 (FGFR2) has been proposed as a novel druggable
target in unresectable gastric cancer. FGFR2 alteration has been reported as associated with
poor prognosis even in patients with gastric cancer who received systemic chemotherapy. This
study aimed to evaluate the frequency of FGFR2 overexpression and gene amplification in clinical
specimens from Japanese patients with recurrent or unresectable gastric cancer.

Methods: This observational study enrolled patients who were histologically or cytologically
confirmed with unresectable HER2-negative or unknown gastric or gastroesophageal junctional
adenocarcinoma treated with at least one previous chemotherapy. FGFR2 overexpression and gene
amplification in the specimens were evaluated by immunohistochemical staining and fluorescence
in situ hybridization methods, respectively.

Results: In a total of 173 eligible cases, FGFR2 immunohistochemistry score was evaluated as
0, 1, 2, 3 and 4 for 20, 80, 35, 28 and 10 cases, respectively. In 151 evaluable cases with FGFR2
immunohistochemistry scores of 1-4, FGFR2 copy number expressed as fluorescence in situ
hybridization signals were detected as <4, >4 < 10 and >10 copies for 123, 16 and 12 cases,
respectively. FGFR2 copy number showed an increasing tendency along with higher FGFR2
immunohistochemistry scores in the corresponding specimen. The response rate and time to
treatment failure for first line chemotherapy did not have any obvious relationship to FGFR2
immunohistochemistry score and FGFR2 copy number.

© The Author(s) 2021. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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2 FGFR2 overexpression and gene amplification in gastric cancer

Conclusions: Although FGFR2 overexpression and gene amplification were shown in Japanese
patients with unresectable gastric cancer, these alterations did not impact the effects of cytotoxic

agents as first line chemotherapy.

Key words: FGFR2 overexpression, FGFR2 gene amplification, gastric cancer, immunohistochemical staining, fluorescent in situ

hybridization

Introduction

Gastric cancer (GC) is the fifth most prevalent cancer and the
third leading cause of cancer-related death worldwide (1). Although
surgery is the treatment of choice for GC, prognosis with advanced
GC is still poor (2). It has been reported that 22-51% of GC
patients who received radical surgery with curative intent develop
recurrent disease (3,4). In patients with unresectable advanced or
recurrent lesions, systemic chemotherapy can prolong median sur-
vival time to 13-14 months (5,6). Trastuzumab in patients with
HER2-positive advanced GC, and an antiangiogenic agent (ramu-
cirumab) and immune checkpoint inhibitors (nivolumab and pem-
brolizumab) introduced as later-line therapy in non-selective patients
with metastatic GC have demonstrated modest survival benefits
(7-12). Despite improved outcomes with these targeted molecu-
lar therapies, however, prognosis with advanced GC still remains
wanting, and there is a critical need to develop more efficacious
therapeutic agents.

The fibroblast growth factor (FGF)/FGF receptor (FGFR)
signaling axis plays an important role in normal organ, vascular
and skeletal development. On the other hand, activating FGFR
gene abnormalities are reported in various tumor types, in which
many of these FGFR abnormalities are considered a driving event
(13-15). Genetic modifications or overexpression of FGFRs have
been associated with tumorigenesis and disease progression in
breast, lung, gastric, hematologic and other malignancies. The cancer
types known to be connected to genetic abnormalities in FGFR
include breast cancer [FGFR1 and FGFR2 gene amplifications at an
incidence of 10 and ~1%, respectively; (16)], squamous cell lung
cancer [FGFR1 gene amplifications at an incidence of 20%; (17)],
endometrial cancer [FGFR2 activating mutation at an incidence of
12%; (16)], intrahepatic cholangiocarcinoma [FGFR2 gene fusions
at an incidence of 14%; (18)], bladder cancer [FGFR3 activating
mutation at an incidence of 50-60% for non-muscle invasive type;
(16)], myeloma [FGFR3 translocation at an incidence of 15%; (16)]
and glioma [FGFR3 gene fusions at an incidence of 8%; (19)]. It
has also been reported that FGFR2 gene amplification and FGFR2
overexpression is found in 1.8-15% (20) and 2.5-61.4% (21) of
GC, respectively, and is associated with poor prognosis (22,23).
In cases with diffuse type GC, up to a 10% incidence of FGFR2
gene amplification in those with relatively poor prognosis has been
reported (15). It has also been reported that FGFR2 and HER2
gene amplifications are mutually exclusive (24). Therefore, FGFR2
amplification has attracted significant interest as a therapeutic target
for FGFR2-amplified GC, and several development projects are
ongoing (25). In this context, clarifying the frequency of FGFR2
gene amplification and FGFR2 overexpression in GC may greatly
contribute to the development of FGFR2 inhibitors as a novel
therapeutic option. To illuminate the significance of developing
FGFR2 inhibitors for GC, we aimed in this study to find the
frequency of FGFR2 gene amplification and FGFR2 overexpression

in clinical specimens from HER2 negative/lunknown Japanese
patients with recurrent or unresectable GC.

Patients and methods
Study design

This study was a multicenter observational study.

Study population

This study included patients who were diagnosed with unresectable
gastric or gastroesophageal junctional adenocarcinoma confirmed
by histological or cytological methods. Patients who were diag-
nosed either to be seen as refractory for at least one systemic
chemotherapy or as recurrent during or within 6 months after
postoperative adjuvant chemotherapy/chemoradiation therapy were
eligible. The other criteria for eligibility were as follows: (i) negative
or unknown for HER2/neu status, (ii) age > 20 years at written
informed consent before enrollment in this study and (iii) clinical
GC specimens at diagnosis or surgical resection were available.
Patients whom the investigator judged to be ineligible for this study
were excluded. It has been reported that FGFR2 and HER2 gene
amplifications are almost always mutually exclusive (24), so we
excluded HER2 positive patients to focus on FGFR2 amplification in
this study.

The World Medical Association Declaration of Helsinki on medi-
cal research protocols and ethics was followed throughout the study.
Authorization for the use of the clinical specimens for research
purposes was obtained from the institutional review board at each
study location.

Study data collection on chemotherapy

In this study, we collected (regimen, duration, efficacy, etc.) data
on only one regimen of chemotherapy received first after a diag-
nosis of unresectable or recurrent GC. Response rates and time
to treatment failure (TTF) for chemotherapy prior to enrollment
were calculated from case report data extracted from background
medical records for each case with first line chemotherapy. Cases
with first line chemotherapy were defined as those who had: non-
curative resection, received first line chemotherapy and had first line
chemotherapy data (on regimens, duration, efficacy, etc.); those who
received first line chemotherapy and had first line chemotherapy
data (on regimens, duration, efficacy, etc.); those who had curative
resection but did not receive adjuvant chemotherapy, had recurrence,
received first line chemotherapy and had first line chemotherapy data
(on regimens, duration, efficacy, etc.) and; those who had curative
resection and recurrence 6 months after adjuvant chemotherapy,
received first line chemotherapy and had first line chemotherapy data
(on regimens, duration, efficacy, etc.).
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Figure 1. Representative immunohistochemical (IHC) images for the expres-
sion of fibroblast growth factor receptor 2 (FGFR2) protein in the gastric
cancer clinical specimens in this study. Images a, b, ¢, d and e show IHC score
expressions of 0, 1, 2, 3 and 4, respectively. See text for score definitions.
Magnification: x20 objective.

FGFR2 immunohistochemistry

To evaluate FGFR2 protein expression, immunohistochemistry
(IHC) staining was performed using rabbit anti-FGFR2 polyclonal
antibody (FGFR2 THC kit, Nichirei Biosciences Inc., Tokyo, Japan)
with 4 pm sections from formalin-fixed and paraffin-embedded
tumor specimens. The staining intensity of each tumor cell and
proportion of tumor cells with FGFR2 overexpression in each section
was scored by two independent observers as follows: Score 0, <10%
of tumor cells expressed weakly with FGFR2 but none expressed
highly; Score 1, >10% of tumor cells expressed weakly with FGFR2
but none expressed highly; Score 2, <10% of tumor cells expressed
highly with FGFR2; Score 3, >10%—<50% of tumor cells expressed
highly with FGFR2 and Score 4, >50% of tumor cells expressed
highly with FGFR2 (Fig. 1). The percentage of positive FGFR2 cells
was calculated based on the positive area of the tumor cell region. The
strong expression ant weak expression was evaluated based on the
stainability of the core with strong expression and weak expression
of CBA (cell block array) determined in the validation test.

FGFR2 fluorescence in situ hybridization

To evaluate FGFR2 gene amplification, we used the fluorescence in
situ hybridization (FISH) method with the 4 pm serial sections from
the tumor specimens used for IHC examination. For this analysis, we
used the tumor specimens with FGFR2 ITHC scores of 1-4 because
it is known that a tumor specimen with a IHC score of 0 rarely
shows FGFR2 gene amplification (26). More specifically, a human
FGFR2 gene probe prepared from genomic sequences of bacterial
artificial chromosome clones RP11-7P17 and RP11-62L18 using
FGEFR2 reverse and forward primer genes (Hokkaido System Science
Co., Ltd., Sapporo, Japan) was fluorescently labeled in orange by
nick translation. A human centromere 10 (CEP 10) gene probe
(Vysis CEP 10 SpectrumGreen Probe, Abbott Molecular Inc., Des
Plaines, USA) as reference, since the FGFR2 gene is localized on
human chromosome 10, was fluorescently labeled in green. After
hybridization, single sets of 20 tumor cells in each section were
evaluated for their average number of FGFR2 signals and CEP 10
signals per tumor cell by two independent observers. A ratio of
FGFR2 signals to CEP 10 signals (FGFR2/CEP10) was calculated
for each section. A representative FISH image of the FGFR2 signals
is shown in Fig. 2.

Figure 2. Representative FGFR2 fluorescence in situ hybridization (FISH)
image in the clinical specimen of gastric cancer in this study. Each orange
fluorescence image represented FGFR2 gene. (a) This figure showed 40
FGFR2 signals per tumor cell as well as clusters of FGFR2 signals (triangle
arrows show representative examples). (b) This figure showed 13 FGFR2
signals per tumor cell.

Statistical analysis

Statistical significance in the distribution of baseline characteris-
tics according to the FGFR2 IHC score or FGFR2 copy number
expressed by FISH signals per tumor cell was analyzed by x>-test
or Fisher’s exact test with P < 0.05 for the two-side significance
level. In cases having data on TTF and best response with first
line chemotherapy prior to enrollment, Kaplan-Meier plots for the
TTF were drawn according to the FGFR2 IHC score or FGFR2
copy number, and significance between the plots was analyzed using
Logrank tests.

Results

Disposition and characteristics of cases

Among a total of 176 cases were enrolled maximally during the
enrollment period from June 2018 to March 2020 (defined as the
full analysis set, FAS); 3 cases did not meet inclusion criteria and
were excluded, with the remaining 173 cases being defined as the per
protocol set (PPS). Within the PPS, 140 cases having data with which
to calculate TTF for a first line chemotherapy regimen just prior to
enrollment were defined as the first line chemotherapy set (FLCS)
(Table 1 and Fig. 3).

The primary analysis set was the PPS, consisting of 132 (76.3%)
males and 41 (23.7%) females. Mean =+ standard deviation for age
was 67.4 £ 10.1 years (range 34-83 years). In the PPS, 92 cases
(53.2%) had a primary tumor lesion at the enrollment. Primary
tumors were located in the upper stomach (41 cases, 23.7%), middle
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Table 1. Structured analysis population proportions: FGFR2 IHC score

Analysis set FGFR2 by IHC Total

Score 0 Score 1 Score 2 Score 3 Score 4
All enrolled patients 21 82 35 28 10 176
PPS 20 (95.2%) 80 (97.6%) 35 (100.0%) 28 (100.0%) 10 (100.0%) 173 (98.3%)
Patients excluded from PPS 1(4.8%) 2 (2.4%) 0(0.0%) 0 (0.0%) 0(0.0%) 3(1.7%)
FLCS 13 (61.9%) 65(79.3%) 29 (82.9%) 24 (85.7%) 9 (90.0%) 140 (79.5%)

Abbreviations: PPS, per protocol set; FLCS, first line chemotherapy set.

176 patients enrolled (FAS)

173 patients eligible (PPS)

3 patients ineligible®!

173 patients submitted the tumor
specimen

0 patients have not submitted the
tumor specimen

173 patients with IHC data*

0 patients without IHC data

151 patients with ISH data

22 patients without ISH data®3

33 patients without TTF data as
first line chemotherapy*>

140 patients have the TTF data as
first line chemotherapy (FLCS)**

Figure 3. Patients flow diagram. FAS, full analysis set; PPS, per protocol set; FLCS, first line chemotherapy set; IHC, immunohistochemistry; ISH, in situ
hybridization; TTF, time to treatment failure. *1 One patient was excluded from PPS due to deviation of inclusion criteria, ‘after primary chemotherapy’. Two
patients were excluded from PPS due to deviation of inclusion criteria, ‘the patient obtained written informed consent form’. *2 Patients with IHC score 0, 1, 2, 3
or 4. *3 Twenty patients with IHC score 0 and 2 patients with IHC score 1, 2, 3 or 4 who have no ISH data due to specimen failure. *4 FLCS was composed with
patients who had: non-curative resection, received first line chemotherapy and had first line chemotherapy data (on regimens, duration, efficacy, etc.); those who
received first line chemotherapy and had first line chemotherapy data (on regimens, duration, efficacy, etc.); those who had curative resection but did not receive
adjuvant chemotherapy, had recurrence, received first line chemotherapy and had first line chemotherapy data (on regimens, duration, efficacy, etc.) and; those
who had curative resection and recurrence 6 months after adjuvant chemotherapy, received first line chemotherapy and had first line chemotherapy data (on
regimens, duration, efficacy, etc.). *5 Thirty-three patients were excluded from FLCS for the following reasons. Two patients had no data for the duration of first
line chemotherapy. Thirty-one patients had curative resection and recurrence during adjuvant chemotherapy or within 6 months after adjuvant chemotherapy,
received second line chemotherapy.

stomach (49 cases, 28.3%), lower stomach (62 cases, 35.8%), esoph- remaining 5 (2.9%) from a metastatic lesion. The most frequent his-

agogastric junction (16 cases, 9.2%) or other (5 cases, 2.9%). Tumor tological types were: poorly differentiated adenocarcinoma (75 cases,

specimens for 168 cases (97.1%) were from a primary lesion and the 89.3%); signet ring cell carcinoma (7 cases, 8.3%) and mucinous
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Table 2. Baseline characteristics of cases according to FGFR2 IHC score

FGFR2 by THC

Category Score 0 Score 1 Score 2 Score 3 Score 4 Total P value* 99% CI**
N
20 80 35 28 10 173
Age (years)
Mean 65.2 67.6 66.0 69.3 69.4 67.4
Std 11.7 9.6 12.9 6.2 9.1 10.1
Min 34 42 35 49 47 34
Median 66.5 69 70 69.5 71.5 69
Max 80 83 83 79 80 83
Age category (years)
<65 7 (35.0%) 26 (32.5%) 12 (34.3%) 5(17.9%) 2(20.0%)  52(30.1%) 0.5323
>65 13 (65.0%) 54 (67.5%) 23(65.7%) 23(82.1%) 8(80.0%) 121 (69.9%)
Gender
Male 7 (35.0%) 64 (80.0%) 27 (77.1%) 25(89.3%) 9(90.0%) 132 (76.3%) 0.0004
Female 13(65.0%) 16 (20.0%) 8 (22.9%) 3(10.7%) 1(10.0%) 41 (23.7%)
Primary tumor (at registration)
Yes 8 (40.0%) 42 (52.5%) 18(51.4%) 16 (57.1%) 8(80.0%) 92 (53.2%) 0.3528
No 12 (60.0%) 38 (47.5%) 17 (48.6%) 12(42.9%) 2(20.0%) 81 (46.8%)
Primary site
Upper stomach 5(25.0%) 17 (21.3%) 12 (34.3%) 6 (21.4%) 1(10.0%) 41 (23.7%) 0.2382 [0.2272,
0.2492]
Middle stomach 8 (40.0%) 26 (32.5%) 7 (20.0%) 7 (25.0%) 1(10.0%) 49 (28.3%)
Lower stomach 6 (30.0%) 26 (32.5%) 13(37.1%) 13 (46.4%) 4 (40.0%) 62 (35.8%)
Esophagogastric 0(0.0%) 9 (11.3%) 3(8.6%) 2(7.1%) 2 (20.0%) 16 (9.2%)
junction
Others 1(5.0%) 2(2.5%) 0 (0.0%) 0(0.0%) 2(20.0%) 5(2.9%)
Main tissue type
Diffuse type 13 (65.0%) 39 (48.8%) 16 (45.7%) 11(39.3%) 5(50.0%) 84 (48.6%) 0.0567
Intestinal type 3(15.0%) 38 (47.5%) 18 (51.4%) 15(53.6%) 4 (40.0%) 78 (45.1%)
Unspecified 4 (20.0%) 2(2.5%) 1(2.9%) 2(7.1%) 1(10.0%) 10 (5.8%)
adenocarcinoma
Others 0(0.0%) 1(1.3%) 0 (0.0%) 0(0.0%) 0(0.0%) 1(0.6%)
Diffuse type
Poorly differentiated 12 (92.3%)  35(89.7%) 15(93.8%) 9 (81.8%) 4(80.0%) 75(89.3%) 0.1893
adenocarcinoma
Signet-ring cell 1(7.1%) 4 (10.3%) 0 (0.0%) 2 (18.2%) 0(0.0%) 7 (8.3%)
carcinoma
Mucinous 0 (0.0%) 0 (0.0%) 1(6.7%) 0 (0.0%) 1(20.0%) 2 (2.4%)
adenocarcinoma
Intestinal type
Well differentiated 0(0.0%) 12 (31.6%) 3 (16.7%) 4(26.7%) 1(25.0%) 20(25.6%) 0.9331
Moderately 3(100.0%) 24 (63.2%) 14 (77.8%) 10(66.7%) 3 (75.0%) 54 (69.2%)
differentiated
Papillary 0(0.0%) 2(5.3%) 1(5.6%) 1(6.7%) 0 (0.0%) 4(5.1%)
adenocarcinoma

Analysis set: per protocol set.
*P value of Fisher’s exact test.

**In case of estimation by Monte Carlo Method, 99% confidence interval (CI) is also described together with the P value.

carcinoma (2 cases, 2.4%); well differentiated adenocarcinoma (20
cases, 25.6%); moderately differentiated adenocarcinoma (54 cases,
69.2%) and papillary adenocarcinoma (4 cases, 5.1%; Table 2).
None had been reported as positive for HER2/neu.

FGFR2 IHC score

Of the 173 PPS cases, FGFR2 IHC score was evaluated as 0, 1, 2, 3
and 4 for 20 (11.6%), 80 (46.2%), 35 (20.2%), 28 (16.2%) and 10

(5.8%) cases, respectively (Table 1). Looking at the distribution of
baseline characteristics in the PPS according to FGFR2 IHC score,
there were no significant differences in age, presence of primary
tumor at registration or primary site of tumor and main tissue type,
except for gender composition by which the proportion of females
was higher than males at Score 0 and that of males was higher
than females at Scores 1-4 (P = 0.0004; Table 2). The distribution
of gender composition in the FLCS similarly showed a significant
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Table 3. Structured analysis population proportions: FGFR2 copy number

Analysis set FGFR2 copy number (copies/cell) Total
<4 >4, <10 >10
All enrolled patients 124 17 12 153
PPS 123 (99.2%) 16 (94.1%) 12 (100.0%) 151 (98.7%)
Patients excluded from PPS 1(0.8%) 1(5.9%) 0 (0.0%) 2 (1.3%)
FLCS 101 (81.5%) 15 (88.2%) 10 (83.3%) 126 (82.4%)
Table 4. Relationship between FGFR2 IHC score and FGFRZ2 signals
FGFR2 by IHC Total
Score 0 Score 1 Score 2 Score 3 Score 4
FGFR2 copy number (copies/cell)
<4 - 73 28 21 1(10.0%) 123 (81.5%)
(92.4%) (82.4%) (75.0%)
>4, - 6 (7.6%) 4 (11.8%) 5(17.9%) 1(10.0%) 16 (10.6%)
<10
>10 - 0 (0.0%) 2(5.9%) 2(7.1%) 8 (80.0%) 12 (7.9%)

Analysis set: per protocol set.

difference (P = 0.0036), whereas no significance was observed in
other baseline FLCS characteristics according to FGFR2 IHC score
(data not shown).

FGFR2 copy number

In the 151 cases of the PPS with FGFR2 IHC scores of 1-4, except
for 2 cases who had no FISH result due to specimen failure, FGFR2
copy numbers per tumor cell were detected as <4, >4 < 10 and > 10
for 123 cases, 16 cases and 12 cases, respectively (Table 3). FGFR2
copy number was moderately correlated with FGFR2/CEP10 ratio
(r = 0.41 and P < 0.0001). In these 151 cases, the proportions
that showed a >4 FGFR2 copy number per tumor cell according to
FGFR2 IHC scores of 1, 2, 3 and 4 were 6/79 (7.6%), 6/34 (17.7%),
7/28 (25.0%) and 9/10 (90.0%), respectively, and that showed a
>10 FGFR2 copy number per tumor cell were 0/79 (0.0%), 2/34
(5.9%), 2/28 (7.1%) and 8/10 (80.0%), demonstrating an increased
tendency for the proportion of cases with amplified FGFR2 copy
number per tumor cell along with FGFR2 IHC score (Table 4). In
addition, the mean =+ standard deviation for FGFR2 copy number
per tumor cell according to FGFR2 THC scores of 1, 2, 3 and 4
were 2.4 £+ 0.6 (79 cases), 4.2 £ 6.1 (34 cases), 5.8 = 11.9 (28
cases) and 25.5 £+ 15.6 (10 cases), respectively, demonstrating that
the average number of FGFR2 copies increased along with FGFR2
THC score and the average number of FGFR2 copies at IHC score 2
exceeded 4. Looking at the distribution of baseline characteristics in
the PPS according to FGFR2 copy number, there were no significant
differences in age, gender, presence of primary tumor at registration
or main tissue type except with primary site of tumor (P = 0.0387) in
which the proportion of upper or middle stomach primary sites with
FGFR2 copy number category of >10 seemed lower than those of
<10 categories. Although not significant (P = 0.0956), the proportion
of diffuse type primary tumors with a FGFR2 copy number category
of >10 seemed higher than those of <10 categories (Table 5).

Response to chemotherapy prior to enroliment
according to FGFR2 IHC score

In the FLCS, the proportion of cases with pyrimidine fluoride plus
a platinum anticancer agent as the first line chemotherapy regi-
men prior to enrollment was 116 cases (82.9%) and other agents
accounted for 24 cases (17.1%). Response to chemotherapy regimen
prior to enrollment according to FGFR2 IHC score is summarized
in Table 6. Response rates for first line chemotherapy according to
FGFR2 IHC scores of 0, 1, 2, 3 and 4 were 15.4, 33.8, 34.5, 37.5
and 55.6%, respectively (P = 0.4142). In addition, median values for
TTF and Kaplan-Meier plots for TTF with first line chemotherapy
(Table 6 and Fig. 4) revealed no statistical differences by FGFR2 IHC
score (P = 0.3456, Logrank test).

Response to chemotherapy prior to enrollment
according to FGFR2 copy number

Response to the chemotherapy regimens according to FGFR2 copy
number is summarized in Table 7. The response rate for first line
chemotherapy according to FGFR2 copy number categories of
<4, >4 < 10 and >10 were 33.7, 60.0 and 30.0%, respectively
(P = 0.1464). In addition, the TTF with first line chemotherapy
revealed no statistical difference by FGFR2 copy number (P = 0.4607,
Logrank test; Table 7 and Fig. 4).

Discussion

FGFR2 overexpression and FGFR2 gene amplification have been
identified as a novel oncogenic (15) and druggable target (27) in can-
cers including GC. In addition, FGFR2 overexpression and FGFR2
gene amplification have been reported as associated with poor prog-
nosis and lower response to chemotherapy in GC (22,23). Further-
more, bemarituzumab, a novel FGFR2b inhibitor, plus chemother-
apy demonstrated significant progression-free and overall survival
benefit compared with placebo plus chemotherapy in patients with
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Figure 4. Kaplan-Meier plots of the TTF for first line chemotherapy. The upper and lower panel represented Kaplan-Meier plots according to FGFR2
IHC score 0-4 (P = 0.3456, Logrank test) and FGFR2 copy number category of <4, >4 < 10 and > 10 copies/cell (P = 0.4607, Logrank test),
respectively.
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8 FGFR2 overexpression and gene amplification in gastric cancer

Table 5. Baseline characteristics of cases according to FGFR2 copy number

Category FGFR2 copy number (copies/cell) P value*
<4 >4, <10 >10
N 123 16 12
Age (years)
Mean 67.2 70.3 67.4
Std 10.2 8.2 9.4
Min 35 46 47
Median 69 72.5 70
Max 83 77 80
Age category (years)
<65 39 (31.7%) 2 (12.5%) 4(33.3%) 0.3194
=65 84 (68.3%) 14 (87.5%) 8 (66.7%)
Gender
Male 99 (80.5%) 14 (87.5%) 10 (83.3%) 0.9201
Female 24 (19.5%) 2 (12.5%) 2 (16.7%)
Primary tumor (at registration)
Yes 67 (54.5%) 9 (56.3%) 8 (66.7%) 0.7404
No 56 (45.5%) 7 (43.8%) 4(33.3%)
Primary site
Upper stomach 7 (22.0%) 6(37.5%) 1(8.3%) 0.0387
Middle stomach 4 (27.6%) 6 (37.5%) 1(8.3%)
Lower stomach 8(39.0%) 3 (18.8%) 5 (41.7%)
Esophagogastric junction 12 (9.8%) 1(6.3%) 3(25.0%)
Others 2 (1.6%) 0(0.0%) 2 (16.7%)
Main tissue type
Diffuse type 56 (45.5%) 7 (43.8%) 8 (66.7%) 0.0956
Intestinal type 63 (51.2%) 7 (43.8%) 3(25.0%)
Unspecified adenocarcinoma 4 (3.3%) 1(6.3%) 1(8.3%)
Others 0(0.0%) 1(6.3%) 0(0.0%)
Diffuse type
Poorly differentiated 49 (87.5%) 7 (100.0%) 7 (87.5%) 0.4839
adenocarcinoma
Signet-ring cell carcinoma 6 (10.7%) 0 (0.0%) 0 (0.0%)
Mucinous adenocarcinoma 1(1.8%) 0 (0.0%) 1(12.5%)
Intestinal type
Well differentiated 13 (20.6%) 4(57.1%) 1(33.3%) 0.0736
Moderately differentiated 47 (74.6%) 2 (28.6%) 2 (66.7%)
Papillary adenocarcinoma 3 (4.8%) 1(14.3%) 0 (0.0%)
Specimen collection sites
Primary tumor 119 (96.7%) 16 (100.0%) 12 (100.0%) 1
Liver 0(0.0%) 0(0.0%) 0(0.0%)
Lung 0(0.0%) 0(0.0%) 0(0.0%)
Abdominal lymph nodes 1(0.8%) 0 (0.0%) 0 (0.0%)
Peritoneal dissemination 2 (1.6%) 0 (0.0%) 0 (0.0%)
Others 1(0.8%) 0(0.0%) 0(0.0%)

Analysis set: per protocol set.
*P value of Fisher’s exact test.

advanced GC (28). Thus, we aimed in this multicenter observa-
tional study to clarify the frequency of FGFR2 overexpression and
FGFR2 gene amplification using IHC and FISH methods as well
as reliable baseline factors in Japanese patients with recurrent or
unresectable GC.

In the present study, the proportion of the cases with FGFR2
overexpression as expressed by IHC scores of >1, >2, >3 or 4 was
revealed to be 88.4, 42.2, 22.0 or 5.8%, respectively. It has been
reported in a meta-analysis of studies on FGFR2 overexpression that
GC patients have a wide range of FGFR2 overexpression frequencies

from 2.5 to 61.4% (21). The frequency of FGFR2 overexpression
found in the present study conducted in Japanese GC patients was
demonstrated to be no less than in those studies.

It has been recognized that FGFR2 overexpression is often led
by FGFR gene amplification (15). There have been multiple reports
to-date that FGFR2 gene amplification is associated with FGFR2
overexpression in gastric cancer (21,29), and FGFR2 protein over-
expression has been noted to strongly correlate with FGFR2 gene
amplification, according to a report by Ahn et al. (26). On the other
hand, Tuner et al. reported that FGFR2 overexpression was result
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Table 6. Response to chemotherapy prior to enroliment according to FGFR2 IHC score

Category FGFR2 by IHC P value*
Score 0 Score 1 Score 2 Score 3 Score 4
N 13 65 29 24 9
Best overall response: first line chemotherapy
Complete response (CR) 0(0.0%) 1(1.5%) 0(0.0%) 0(0.0%) 0(0.0%) 0.5074
Partial response (PR) 2 (15.4%) 21 (32.3%) 10 (34.5%)  9(37.5%) 5(55.6%)
Stable disease (SD) 8 (61.5%) 17 (26.2%) 8 (27.6%) 6(25.0%) 2(22.2%)
Non-CR/Non-PD 1(7.7%) 13 (20.0%) 2 (6.9%) 5(20.8%) 1(11.1%)
Progressive disease (PD) 1(7.7%) 11 (16.9%) 9 (31.0%) 4(16.7%) 1(11.1%)
Not evaluable (NE) 1(7.7%) 2(3.1%) 0(0.0%) 0(0.0%) 0(0.0%)
Response rate (CR + PR) 2 (15.4%) 22 (33.8%) 10 (34.5%) 9 (37.5%) 5(55.6%) 0.4142
95% Confidence interval (%) [4.3,42.2] [23.5,46.0]  [19.9,52.7]  [21.2,57.3] [26.7,81.1]
Disease control rate 11 (84.6%)  52(80.0%)  20(69.0%)  20(83.3%)  8(88.9%) 0.663
(CR + PR + SD + Non-CR/Non-PD)
95% Confidence interval (%) [57.8,95.7] [68.7,87.9] [50.8,82.7] [64.1,93.3] [56.5,98.0]
Time to treatment failure (TTF): first line chemotherapy
N 13 65 29 24 9
Median TTF 176 211 157 225 112

95% Confidence interval (%) [64.0,202.0]

[162.0,289.0] [92.0,218.0]

[157.0,288.0] [50.0,401.0]

Analysis set: FLCS (7 = 140).
*P value of Fisher’s exact test.

of abnormal transcriptional upregulation of the FGFR2 gene (16).
We also evaluated FGFR2 gene amplification in this study. Because
the FGFR2 gene is known to localize on human chromosome 10, we
evaluated the number of FGFR2 copies per tumor cell on a basis of 4
copies/cell, or the equivalent of 2 times 2 copies/cell in normal cells,
and set 3 categories for FGFR2 copy number per tumor cell, i.e. <4,
>4 < 10 and > 10 copies/cell. As a result, FGFR2 copy numbers of
<4, >4 < 10 and >10 copies/cell were observed in 123, 16 and 12
cases out of 151 cases with an FGFR2 THC score of >1, respectively.
In addition, although no statistically significant difference was noted,
the fact that an increasing tendency was observed in the proportion
of cases who showed amplified FGFR2 copy number per tumor
cell along with their FGFR2 THC score suggests a relationship
between THC score (FGFR2 overexpression) and FGFR2 copy num-
ber expressed by FISH signals (FGFR2 gene amplification). Taking
these results into account, we consider it possible to estimate the
FGFR2 gene amplification with high reliability in clinically available
GC specimen screening samples using the IHC method, which is more
convenient than the FISH method.

Although many questions on the role of FGFR2 overexpression
and FGFR2 gene amplification in the pathogenesis and progression
of GC have yet to be answered, it has been reported that a GC cell line
established from GC patient with FGFR2 gene amplification demon-
strates significant inhibition of tumor cell growth and survival by
the induction of FGFR2 downregulation (30). Those results suggest
that tumor progression in GC patients with FGFR2 overexpression
and FGFR2 gene amplification may in large part be associated with
these FGFR abnormalities, and thus the establishment of optional
chemotherapies that target these molecular factors would be highly
desirable.

We also examined relationships between baseline characteristics
and response to first line chemotherapy prior to enrollment, with
FGFR2 IHC score and FGFR2 copy number, to investigate predictive
factors for FGFR2 overexpression and FGFR2 gene amplification.
For gender composition, the proportion of females with an FGFR2

THC score of 0 was higher, whereas the proportion of males with
FGFR2 THC scores of 1-4 was higher, and an imbalance was thus
observed. However, no difference was shown by way of FGFR2 copy
number. In addition, no gender effects on FGFR2 overexpression
have been observed in other studies of FGFR2 overexpression in the
primary tumors of GC patients by IHC (26,31). Our examination
of other baseline characteristics revealed no relationships between
FGFR2 THC score and FGFR2 copy number, and was consistent
with other studies on FGFR2 overexpression (26,31) and FGFR2
gene amplification (32,33) involving GC patients. Furthermore, we
found no relationship to first line chemotherapy response in this
study. At this point, it is widely recognized that a high-level FGFR2
gene amplification and FGFR2 overexpression is associated with
decreased overall survival and lower response to chemotherapy
(30,34). Because our present study was small-sized, limited to HER2
negative cases, did not control for background chemotherapy regi-
men and did not evaluate overall survival, there are still issues to be
investigated by way of confirming the association of FGFR2 with the
response to chemotherapy.

Based on the above considerations, we believe it essential to
clarify FGFR2 protein overexpression and/or FGFR2 gene ampli-
fication in GC patients to confirm altered FGFR2 expression, and
to develop the potential molecular-targeting therapeutic agents with
FGFR2 inhibitors.

Conclusions

The present multicenter observational study took a detailed look at
the frequency of FGFR2 overexpression and FGFR2 gene amplifica-
tion in Japanese patients with GC, and the effect of cytotoxic agents
were similar regardless of whether patients had FGFR overexpression
and gene amplification. These findings may contribute the develop-
ment of promising therapeutic option for patients with recurrent or
unresectable GC.
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Table 7. Response to chemotherapy prior to enrollment according to FGFR2 copy number

Category FGFR2 copy number (copies/cell) P value*
<4 >4,<10 >10
N 101 15 10
Best overall response: first line chemotherapy
Complete response (CR) 1(1.0%) 0 (0.0%) 0 (0.0%) 0.7098
Partial response (PR) 33 (32.7%) 9 (60.0%) 3(30.0%)
Stable disease (SD) 28 (27.7%) 2 (13.3%) 3(30.0%)
Non-CR/Non-PD 16 (15.8%) 3(20.0%) 2 (20.0%)
Progressive disease (PD) 21 (20.8%) 1(6.7%) 2(20.0%)
Not evaluable (NE) 2 (2.0%) 0(0.0%) 0(0.0%)
Response rate (CR + PR) 34 (33.7%) 9 (60.0%) 3 (30.0%) 0.1464
95% Confidence interval (%) [25.2,43.3] [35.7, 80.2] [10.8, 60.3]
Disease control rate 78 (77.2%) 14 (93.3%) 8 (80.0%) 0.417
(CR 4 PR + SD + Non-CR/Non-PD)
95% Confidence interval (%) [68.1, 84.3] [70.2, 98.8] [49.0, 94.3]
Time to treatment failure (TTF): first line chemotherapy
N 101 15 10
Median TTF 198 267 124.5

95% Confidence interval (%) [157.0,218.0]

[135.0, 413.0]

[50.0, 224.0]

Analysis set: FLCS with IHC score 1-4 (1 = 126).
*P value of Fisher’s exact test.
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