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Abstract
A 41-year-old woman was admitted to our hospital for epigastralgia. She had been admitted to another hospital for fundic 
gland polyposis (FGP) without any symptoms, and no malignancy had been noted in her previous endoscopy. However, a 
biopsy performed at our hospital revealed adenocarcinoma, and computed tomography (CT) revealed multiple liver and 
peritoneal metastases. We clinically suspected gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS) 
and indicated genetic testing. The point mutation in exon 1B of APC was revealed. She was diagnosed with GAPPS with 
multiple liver metastases and underwent systemic chemotherapy. She has two older brothers who also have FGP. The same 
genomic mutation was observed in both brothers and their mother, and they were also diagnosed with GAPPS. The brothers 
underwent prophylactic laparoscopic total gastrectomy with D1 lymph-node dissection.
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Introduction

Gastric adenocarcinoma and proximal polyposis of the 
stomach (GAPPS) is an autosomal dominant syndrome that 
is characterized by polyposis localized in the gastric body 
and fundus with a high tendency of adenocarcinoma [1]. 
Subsequently, GAPPS cases have been reported mainly in 
western countries [2–6]. However, more recently, GAPPS 
has been reported in some families in Asia [7–9]. The diag-
nosis of GAPPS is based on Worthley’s criteria [1]. Li et al. 
investigated one Australian family and five North American 
families met the diagnostic criteria for GAPPS and identi-
fied a point mutation in promoter 1B of APC using Sanger 
sequencing in all six families [10].

The prognosis of GAPPS remains unknown owing to 
insufficient data. Repak et al. reported on three sisters with 
GAPPS, one of whom died because of multiple metastases; 
the other two sisters underwent prophylactic gastrectomy 
and did not develop gastric cancer [2]. The prognosis of 
GAPPS may depend on malignant transformation.

The treatment strategy for GAPPS remains controversial. 
Logically, the basic concept must be based on the treat-
ment of gastric cancer. As the concept and understanding 
of GAPPS has widened, a number of GAPPS cases have 
been diagnosed at an early stage with fundic gland polypo-
sis (FGP) without malignant characteristics. The practice 
of performing prophylactic total gastrectomy for GAPPS 
without malignant characteristics has recently increased in 
Western countries [2, 4, 11].

Herein, we report two Asian cases of GAPPS diagnosed 
by preoperative genetic testing that were successfully treated 
via prophylactic laparoscopic total gastrectomy.
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Case presentation

The patient was a 41-year-old woman, who had been 
admitted to another hospital for FGP without any symp-
toms. Esophagogastroduodenoscopies (EGDs) revealed 
FGP localized in the gastric body and fundus (Fig. 1a, b), 
and a biopsy from the largest polyp in the gastric body 
revealed no malignant findings. She had no symptom and 
was not taking any medication, including proton pump 
inhibitors. After 10 months, she was presented to our hos-
pital for epigastralgia. EGDs at our hospital revealed a 
Bormann type 2 tumor about 30 mm in diameter, which 
is hemorrhagic elevated lesion with central depression in 
the cardia (Fig. 1c, d). In pathological examination, biopsy 
from the cardiac lesion indicated that main component was 
papillary and well-differentiated tubular adenocarcinoma 
(Fig. 2a, b). Biopsy from polyps were diagnosed as fundic 
gland polyps with fundic gland hyperplasia (Fig. 2c) and 

dilated foveolar epithelium and polypoid lesions consist-
ent with hyperproliferative aberrant pits (HPAP) (Fig. 2d). 
Carcinoma cells were strongly positive for MUC 5AC 
(Fig. 2e) and sporadically positive for MUC6 (Fig. 2f), and 
negative for MUC2, pepsinogen I, and H+/K+-adenosine 
triphosphatase, which indicated that carcinoma cells had 
foveolar phenotype. Notably, small proportion of micro-
papillary component was observed (Fig. 2g, h). Although 
no duodenal or colonic polyps were detected by endos-
copy, CT revealed of paracardial lymph-node enlarge-
ment, multiple hypovascular nodules in the liver, and 
multiple peritoneal masses (Fig. 3). Suspecting GAPPS, 
genetic testing was indicated. Genetic testing revealed a 
point mutation in APC exon 1B and she was diagnosed 
with GAPPS. She was also diagnosed with advanced gas-
tric adenocarcinoma cT4aN1M1 (HEP, PER) at stage IV 
according to the Japanese classification of gastric carci-
noma [12] and underwent systemic chemotherapy (S-1 
plus oxaliplatin). The patient had two older brothers (aged 

Fig. 1   Esophagogastroduodenoscopy of the proband patient a, b 
esophagogastroduodenoscopy of the female patient at another hospi-
tal (yellow allow points at the largest polyp in the gastric body), c, 

d esophagogastroduodenoscopy of the female patient at our hospital 
(red allow points at the elevated lesion with central depression in the 
cardia)
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43 and 45 years). EGD revealed that both of them had 
FGP (Fig. 4a, b); however, FGP was not detected in their 
parents. Although biopsy of the FGP revealed no malig-
nancy or dysplasia, a mutational analysis of APC exon 
1B using peripheral blood genomic DNA via polymerase 
chain reaction was performed after genetic counseling and 
obtaining informed consent. A point mutation in promoter 
1B was detected in the patient’s brothers and mother. They 
had no clinical symptom, and their endoscopic biopsies 
revealed no malignancies or dysplasia. However, consid-
ering the risk of malignant transformation, prophylactic 

laparoscopic total gastrectomy with D1 lymphadenectomy 
was performed after obtaining informed consent and ethi-
cal approval in her brothers. They were discharged 14 days 
after the surgery without postoperative complications. 
The histopathological findings of the resected specimen 
revealed FGP without malignant characteristics (Fig. 5a, 
b). The proband has received nivolumab as a third-line 
treatment due to disease progression after S-1 plus oxali-
platin followed by ramucirumab and nab-paclitaxel. Two 
relatives who underwent prophylactic gastrectomy are 
doing well.

Discussion

GAPPS is an autosomal dominant inherited disease with a 
high risk of massive polyposis limited to the gastric body 
and fundus. Worthley et al. published the first report of 
GAPPS in 2012 [1]. Since then, reports on GAPPS have 
increased, and the characteristic of this disease have been 
revealed. However, owing to the difficulty of evaluating the 
precise condition of FGP and predicting the timing of malig-
nant transformation, the clinical management of GAPPS 
remains uncertain.

Upper gastrointestinal endoscopy is useful for the early 
detection of GAPPS, and endoscopic biopsy at regular inter-
vals is necessary to prevent the development of gastric ade-
nocarcinoma. However, some previous reports questioned a 
prolonged endoscopic surveillance in patients with GAPPS 

Fig. 2   Hematoxylin and eosin section and immunohistochemistry of 
gastric lesions a, b papillary and well-differentiated tubular adeno-
carcinoma, c fundic gland polyp (FGP), d hyperproliferative aberrant 

pits (HPAP), e immunohistochemistry of MUC5AC, f immunohisto-
chemistry of MUC2, g, h micropapillary adenocarcinoma in a small 
part of biopsy specimen

Fig. 3   Computed tomography of the female patient
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[2, 3]. One case of rapid progression to gastric adenocarci-
noma with distant metastasis was reported despite frequent 
endoscopic surveillance [2]. In our case, the rapid progres-
sion to gastric adenocarcinoma with distant metastasis was 
observed in a brief period of 10 months. Micropapillary 
component was observed in the biopsy specimens, although 
the proportion was small. It is well known that micropapil-
lary subtype had an unfavorable prognosis, and this compo-
nent might be associated with the aggressive characteristic 
of our case.

Furthermore, sampling in cases of polyposis, which 
include FGP with different degrees of dysplasia, is chal-
lenging [3]. The timing of endoscopic surveillance initiation 
also remains controversial, particularly in young patients. 
A recent report suggested that the first-degree relatives of 

patients with GAPPS with a proven APC mutation should 
start undergoing the endoscopic surveillance at 15 years of 
age [13]. The interval or starting time of endoscopic surveil-
lance should be flexible according to the disease condition.

Based on the recent molecular elucidation of GAPPS, 
prophylactic total gastrectomy is also a useful choice and the 
only curative treatment for GAPPS with malignant poten-
tial. We reviewed medical publication published in English 
on PubMed using the keywords “GAPPS” or “prophylactic 
total gastrectomy.” The search yielded three available reports 
on prophylactic total gastrectomy for GAPPS (Table 1). To 
date, approximately 11 cases of 8 families undergoing pro-
phylactic total gastrectomy have been reported in Western 
countries. In the available data, the median patient age was 
38 (range 23–65) years and the sex ratio (male/female) was 

Fig. 4   Esophagogastroduodenoscopy of two older brothers: a the older brother and b the younger brother

Fig. 5   Surgical specimen of two older brothers: a the older brother and b the younger brother
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3/8. Histological analysis of surgical specimens revealed 
adenocarcinoma in three cases. To our knowledge, this is 
the first Asian cases of GAPPS confirmed by preoperative 
genetic testing, who underwent prophylactic laparoscopic 
total gastrectomy with lymph-node dissection.

Several surgical indications have been proposed so far. 
Repak et al. stated that patients who fulfill the original 
GAPPS criteria and those with FGP progression to dysplasia 
should be tested for genetic mutations, so that prophylactic 
gastrectomy can be performed appropriately [2]. In addi-
tion, Tacheci et al. reported that in cases with dysplasia, 
prophylactic total gastrectomy is indicated promptly with-
out delay, whereas in cases without dysplasia, prophylactic 
total gastrectomy should be performed at 30—35 years of 
age, or 5 years earlier than the age at which the youngest 
family member developed gastric cancer [13]. Furthermore, 
Foretova et al. recommended prophylactic total gastrectomy 
for cases with progressive massive stomach polyposis even 
without dysplasia [11]. The optimal timing of prophylac-
tic gastrectomy is also an important issue. In the previous 
reports, the youngest case of prophylactic total gastrectomy 
was 23 years old [2]. Prophylactic gastrectomy should be 
considered when GAPPS is genetically diagnosed before 
it progresses to gastric adenocarcinoma. However, the tim-
ing of dysplasia and adenocarcinoma development varies 
widely. Foretova et al. reported that the development of 
massive polyposis was variable, with the earliest finding 
at 22 years of age, with a negative finding in a woman at 
65 years, and no clinical symptoms in a man at 92 years. Out 
of a total of eight prophylactic gastrectomies performed, one 
case of gastric adenocarcinoma diagnosed in a histological 
specimen of a 29-year-old woman [11]. Therefore, determin-
ing when a patient should undergo prophylactic gastrectomy 
remains controversial.

The surgical procedure involves the risk of postoperative 
complications, including infection, dumping syndrome, and 
surgery-related death [14]. In general, patients who undergo 
prophylactic gastrectomy are younger and healthier than 
those who undergo curative gastrectomy for gastric cancer. 
However, van der Kaaij reported that the number of patients 
requiring a reintervention after prophylactic gastrectomy for 
hereditary diffuse gastric cancer was comparable to that in 
the curative setting [15]. Dumping syndrome and weight 
loss are common postsurgical complications of prophylactic 
total gastrectomy. Anastomotic strictures, bile reflux, and 
iron deficiency have also been reported as postsurgical com-
plications within 5 years following prophylactic gastrectomy 
[16]. Sufficient follow-up after prophylactic gastrectomy is 
required for late complications such as osteoporosis and 
megaloblastic anemia.

Herein, we report the first GAPPS case in Asia to undergo 
genetic testing and prophylactic laparoscopic total gas-
trectomy with lymph-node dissection. However, clinical Ta
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concerns, such as the optimal timing of genetic testing and 
prophylactic gastrectomy, remain unclear. Therefore, further 
studies are warranted worldwide to resolve these issues.
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