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CASE REPORT

Four cases of gastric adenocarcinoma 
and proximal polyposis of the stomach treated 
by robotic total gastrectomy
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Abstract 

Background:  Gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS) is a rare disease and charac-
terized by a unique point mutation in the promoter 1B region of the adenomatous polyposis coli (APC) gene. There 
are two aims in surgery for GAPPS; the first is prophylactic gastrectomy, and the second is excising concurrent cancer. 
We performed robotic total gastrectomy (RTG) for four cases of GAPPS.

Case presentation:  Case 1 was a woman in her 40 s whose sister had died from gastric cancer. Mutational analysis 
revealed mutation of APC exon 1B. We performed prophylactic gastrectomy. Case 2 was a woman in her 30 s who had 
a mutation of APC exon 1B, and preoperative biopsy revealed suspected adenocarcinoma. Case 3 was a woman in 
her 40 s who was diagnosed with gastric cancer with multiple polyps in the stomach and a mutation of APC exon 1B. 
Case 4 was a woman in her 20 s in whom biopsy revealed low-grade dysplasia of a raised lesion. She had a mutation 
in APC exon 1B. We performed RTG with D1 + lymphadenectomy in all patients, and there were no intraoperative 
complications.

Conclusions:  Patients with GAPPS are mainly followed regularly with repeat biopsy, and tumors are detected in an 
early stage. As the safety of robotic surgery for the early gastric cancer is reported, RTG is an option for these patients. 
This is the first report of RTG for GAPPS patients.
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Background
Gastric adenocarcinoma and proximal polyposis of the 
stomach (GAPPS) is a rare disease [1]. GAPPS is diag-
nosed in accordance with the following clinical and 
pathologic criteria: (1) gastric polyps restricted to the 
body and fundus with no evidence of colorectal or duo-
denal polyposis; (2) > 100 polyps carpeting the proximal 
stomach in the index case or > 30 polyps in a first-degree 

relative; (3) predominantly fundic gland polyps (FGPs), 
some having regions of dysplasia, or a family member 
with either dysplastic FGPs or gastric adenocarcinoma; 
and (4) an autosomal dominant pattern of inheritance. 
Other causes of FGPs, such as a proton pump inhibitor 
(PPI) effect and heritable gastric polyposis syndromes, 
must be excluded [2]. Genetically distinct from classic 
familial adenomatous polyposis (FAP) and attenuated 
FAP, GAPPS is characterized by a unique point mutation 
in the promoter 1B region of the adenomatous polyposis 
coli (APC) gene [3].

Patients with GAPPS are sometimes followed by endo-
scopic examination, and suspected cancer lesions are 
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evaluated. As a result, patients requiring surgery undergo 
prophylactic gastrectomy or gastrectomy for early gastric 
cancer lesions. Recently, robotic gastrectomy has been 
performed for gastric cancer, and in early gastric can-
cer, the method’s safety and usefulness have been proven 
[4]. Therefore, robotic gastrectomy may be beneficial for 
patients with GAPPS. We report four cases of robotic 
total gastrectomy (RTG) for GAPPS.

Case presentation
Case 1
A woman in her 40 s presented to our hospital because of 
abnormal shadows detected in an upper gastrointestinal 
series. Her medical history included depression and PPI 
administration. Her sister had died from gastric cancer, 
and FGPs were identified. Her father had adenomatosis 
polyposis, and her cousins had GAPPS. Laboratory test 
results were as follows: carcinoembryonic antigen (CEA): 
1.2  ng/ml, carbohydrate antigen 19-9 (CA19-9): 1  U/
ml, CA125: 22 U/ml, and CA72-4: 2.6 U/ml; Helicobac-
ter pylori (H. pylori) testing was negative. Esophagogas-
troduodenoscopy (EGD) showed multiple FGPs in the 
fornix and fundus (Fig. 1a) but no abnormal findings in 
the antrum and duodenum. Pathologically, biopsies indi-
cated FGPs. Immunostaining was positive for MUC5, 

MUC6, MUC2, p53, and CDX2. Total colonoscopy (TCS) 
and computed tomography (CT) showed no abnormal 
findings. There was minimal ascites but no swollen lymph 
nodes. Considering her family history, FGPs revealed by 
EGD, and no apparent polyposis in the colon or duode-
num. We performed mutational analysis, which revealed 
a mutation of APC exon 1B; thus, she was diagnosed with 
GAPPS. We performed prophylactic RTG with D1 + lym-
phadenectomy (Fig. 2a). The operation time was 337 min, 
and blood loss was 45 ml. Histopathological examination 
of the surgical specimens revealed carpet-like polyposis 
as a common finding of GAPPS. The polyposis was FGP 
and was considered adenoma. Immunostaining was posi-
tive for MUC6, MUC5AC, p53, and Ki-67 and negative 
for cluster of differentiation (CD)10, CDX2, and MUC2. 
She had no recurrence 3 years after surgery.

Case 2
A woman in her 30  s presented to our hospital for 
burping. She had no remarkable medical history, and 
PPI administration was ineffective. Her grandfather had 
lung cancer, and her grandmother had undergone gas-
trectomy; however, it was unclear whether her grand-
mother had gastric cancer. Laboratory test results were 
as follows: CEA: 0.4  ng/ml, CA19-9: 8  U/ml, CA125: 

Fig. 1  Esophagogastroduodenoscopy. a Case 1; b Case 2, cancer-suspected lesion (arrow); c Case 3; d adenocarcinoma in Case 3 (arrow); e Case 4; f 
raised lesions in the gastric body in Case 4 (arrow)
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13  U/ml, and CA72-4: 1.9  U/ml; H. pylori testing was 
negative. EGD showed multiple FGPs (Fig. 1b) and type 
0–I lesions that were suspected gastric cancer (Fig. 1b, 
arrow). There were no abnormal findings in the duode-
num. Pathologically, biopsies indicated FGPs. Type 0–I 
lesions indicated foveolar-type dysplasia/adenoma or 
adenocarcinoma with low-grade atypia. Immunostain-
ing was positive for β-catenin, MUC5AC, MUC6, p53, 
and Ki-67. TCS and CT showed no abnormal findings. 
There was minimal ascites, but no swollen lymph nodes. 
Considering her family history and the EGD findings, 
we suspected GAPPS. We performed mutational analy-
sis of the APC gene, which revealed mutation of APC 
exon 1B. Thus, she was diagnosed with GAPPS. We 
performed RTG with D1 + lymphadenectomy (Fig.  2b) 
owing to the diagnosis of adenocarcinoma suspected by 
biopsy. The operation time was 285 min, and blood loss 
was 13 ml. Histopathologically, the surgical specimens 
revealed FGPs with dysplasia in the fundus. Immu-
nostaining was positive for MUC5AC, p53, and Ki-67. 
Staining for MUC6, CDX2, and MUC2 was negative; 

therefore, we diagnosed GAPPS. She had no recurrence 
1 year after surgery.

Case 3
A woman in her 40  s presented to our hospital for 
early gastric cancer with suspected GAPPS. She had no 
remarkable medical history, but had undergone eradica-
tion therapy for H. pylori 6 years earlier. Her father had 
been diagnosed with early gastric cancer. Laboratory test 
results were as follows: CEA: 1.3 ng/ml, CA19-9: 10 U/ml, 
CA125: 18  U/ml, and CA72-4: 10.5  U/ml. EGD showed 
multiple FGPs in the upper stomach (Fig.  1c) and early 
gastric cancer in the gastric angle (Fig.  1d). There were 
no abnormal findings in the duodenum. Biopsy revealed 
tub1 in the gastric cancer lesion. TCS revealed two pol-
yps, and CT identified no other tumors and no swol-
len lymph nodes. We suspected GAPPS and performed 
mutational analysis of APC exon 1B, which revealed 
a mutation. Thus, she was diagnosed with GAPPS with 
early gastric cancer. We performed RTG with D1 + lym-
phadenectomy (Fig. 2c). The operation time was 281 min, 

Fig. 2  Surgical specimen. a Case 1; b Case 2, cancer-suspected lesion (arrow); c Case 3, cancer lesion (arrow); d Case 4, cancer-suspected lesion 
(arrow)
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and blood loss was 10 ml. Histopathologically, the surgi-
cal specimens revealed early gastric cancer (T1b2) with 
no lymph node metastasis. She had no recurrence 2 years 
after surgery.

Case 4
A woman in her 20 s presented to our hospital for screen-
ing because her aunt had been diagnosed with GAPPS 
and gastric cancer. She had no remarkable medical his-
tory, and PPI administration had no effect. Her grand-
mother had gastric cancer, and her father and aunt had 
GAPPS. Laboratory test results were as follows: CEA: 
0.5 ng/ml, CA19-9: 17 U/ml, CA125: 28 U/ml, and CA72-
4: 7.8 U/ml; H. pylori testing was negative. EGD showed 
multiple FGPs (Fig.  1e) and raised lesions in the gastric 
body (Fig.  1f ). There were no abnormal findings in the 
duodenum. We performed endoscopic mucosal resection 
for the raised lesions. Pathologically, the biopsies indi-
cated FGP in the polyposis lesions and low-grade dyspla-
sia in the raised lesions. Immunostaining was positive for 
MUC5AC, MUC6, and Ki-67. Scanning for MUC2 and 
CDX2 was negative. TCS showed no abnormal findings, 
and CT did not reveal other tumors. There was mini-
mal ascites, but no swollen lymph nodes. Considering 
her family history and the EGD findings, we suspected 
GAPPS. We performed mutational analysis of APC exon 
1B, which revealed a mutation. Thus, she was diagnosed 
with GAPPS, and we performed RTG with D1 + lym-
phadenectomy (Fig. 2d). The operation time was 288 min, 
and blood loss was 35  ml. Histopathologically, the sur-
gical specimens revealed hyperplasia of gastric fundic 
gland tissue and low-grade dysplasia. Immunostaining 
was positive for MUC5AC, MUC6, p53, and Ki-67. 
MUC2 and CDX2 immunostaining was negative. She had 
no recurrence 2 months after surgery.

Discussion
GAPPS is an autosomal dominant syndrome character-
ized by FGPs localized in the gastric body and fundus. 
GAPPS was first reported by Worthly et  al. in 2012 [1]. 
Since then, there have been an increasing number of 
reports on GAPPS [5–9]; however, the clinical course, 
malignant transformation, and prognosis of GAPPS 
remain unclear. The prognosis of GAPPS depends on the 
malignancy of the FGPs. However, the clinical manage-
ment of GAPPS is difficult because it is difficult to assess 
the exact status of the FGPs and to predict their malig-
nant transformation. EGD is useful for early detection of 
GAPPS, and regular biopsy is necessary to predict malig-
nant transformation. However, cases of rapid progression 
to gastric adenocarcinoma and metastasis despite fre-
quent EGD have been reported. H. pylori infection sup-
presses FGPs, and patients with FAP who have FGPs have 

a lower H. pylori infection rate [1, 3, 7]. Furthermore, H. 
pylori is closely associated with GAPPS, although many 
patients with GAPPS have negative immunoglobulin 
G test results for H. pylori. However, the association 
between H. pylori infection and gastric cancer develop-
ment is still unclear, and the usefulness of H. pylori eradi-
cation therapy for GAPPS is unknown [10, 11].

Histopathologically, FGP is a characteristic feature of 
GAPPS and is included in the diagnostic criteria. Hyper-
proliferative aberrant pits, which are polyp-like struc-
tures caused by irregular growth of proper gastric glands 
in diluted glandular fossa epithelialization, are also char-
acteristic of GAPPS [7]. Immunohistologically, MUC5A 
and MUC6 are positive, while MUC2 is negative, and 
CDX2 and p53 are sporadically positive, indicating gas-
tric-type adenocarcinoma [12]. Notably, lesions that are 
positive for MUC5A but negative for MUC2/MUC6 with 
elevated Ki-67 and strong proliferative potential have 
been reported. As the causative gene for GAPPS, a point 
mutation in APC promotor 1B has been reported, which 
is thought to contribute to tumorigenesis via β-catenin 
and Wnt signaling [13].

There are two aims in surgery for GAPPS: the first is 
prophylactic gastrectomy, and the second is excising con-
current cancer. In our four cases, one patient underwent 
prophylactic gastrectomy, one had gastric cancer, and the 
remaining two had suspected gastric cancer.

Regarding prophylactic TG for GAPPS, patients who 
fulfill the diagnostic criteria for GAPPS and those with 
FGPs progressing to dysplasia should undergo prophylac-
tic TG [14]. Recently, this has been performed in Asian 
countries [5]. Prophylactic gastrectomy is associated with 
the risk of postoperative complications, such as infec-
tions, dumping syndrome, and weight loss. Furthermore, 
anastomotic strictures, bile reflux, and iron deficiency 
have also been reported as postsurgical complications of 
prophylactic gastrectomy [15]. Generally, prophylactic 
gastrectomy is performed for patients who are younger 
and healthier than those who undergo curative gastrec-
tomy for gastric cancer. However, the postoperative com-
plications after prophylactic gastrectomy are the same 
as those associated with curative gastrectomy [16]. Pro-
phylactic TG for GAPPS remains controversial because 
GAPPS may progress rapidly even with regular surveil-
lance. The ideal timing for prophylactic gastrectomy is 
also important. Prophylactic gastrectomy should be con-
sidered when GAPPS is diagnosed, but the timing of dys-
plasia and adenocarcinoma development varies widely. 
Therefore, the optimal timing of prophylactic gastrec-
tomy is still controversial.

Regarding the treatment of concurrent suspected or 
confirmed gastric cancer with GAPPS, generally, these 
patients are mainly followed regularly with repeat 
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biopsy. Therefore, even if adenocarcinoma is diag-
nosed, tumors are detected in an early stage.

In GAPPS patients, polyps are located in the upper 
stomach; therefore, TG is necessary. Although lapa-
roscopic TG has recently been performed safely, RTG 
is challenging. Robotic surgery has several technical 
advantages compared with laparoscopic instruments, 
namely greater precision of the operator’s movements, 
tremor filtration, and improved ergonomics. These 
technical benefits are considered advantages of RTG 
over laparoscopic TG. Retrospective study has showed 
the lower complication rate in early gastric cancer 
patients with RTG, especially there was no leakage of 
anastomotic site. This study indicated the merit of the 
RTG was minimal damage of pancreas and lower inci-
dence of pancreatic fistula [17]. In GAPPS patients, 
polyps are not located in the esophagus; therefore, TG 
is relatively easy to perform compared with esoph-
agogastric junction cancer, making robotic gastrec-
tomy useful. Furthermore, for relatively young patients 
undergoing surgery, cosmesis is more of a concern; 
therefore, minimally invasive surgery is useful.

In gastrectomy in GAPPS patients, although there 
are numerous polyps in the stomach, the serosa 
remains intact, and there is no stiffness of the stomach 
wall (Fig. 3a). As a result, it is easy to grasp the stom-
ach wall (Fig.  3b). We encountered no stomach wall 
stiffness in our operations. This information is useful 
for the surgeons because GAPPS is a rare disease, few 
surgeons have experience with these patients.

To our knowledge, there are no reports of GAPPS 
patients undergoing robotic gastrectomy.

Conclusions
We reported four cases of GAPPS patients who under-
went RTG, which is an option for these patients.

Abbreviations
FGP: Fundic gland polyps; H. pylori: Helicobacter pylori; FAP: Familial adenoma-
tous polyposis; APC: Adenomatous polyposis coli; GAPPS: Gastric adenocarci-
noma and proximal polyposis of the stomach; RTG​: Robotic total gastrectomy; 
PPI: Proton pump inhibitor; CEA: Carcino-embryonic antigen; CA19-9: Carbo-
hydrate antigen19-9; CA125: Carbohydrate antigen125; CA72-4: Carbohydrate 
antigen72-4; EGD: Esophagogastroduodenoscopy; TCS: Total colonoscopy; CT: 
Computed tomography.

Acknowledgements
None.

Author contributions
YI and KY wrote this paper. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
All procedures followed were in accordance with the ethical standards of 
responsible committee and with the Helsinki Declaration. Informed consent 
to be included in this study was obtained from all patients.

Consent for publication
Informed consent to be included in this study was obtained from all patients.

Competing interests
The authors declare that they have no competing interests.

Author details
1 The Department of Surgery, The University of Tokushima, 3‑18‑15 
Kuramoto‑cho, Tokushima, Japan. 2 The Department of Gastroenterology 
and Oncology, Institute of Biomedical Sciences, Tokushima University Gradu-
ate School, Kuramoto‑cho, Tokushima 770‑8503, Japan. 

Fig. 3  Intraoperative finding. a Appearance of stomach wall, b stomach wall grasped by robotic forceps



Page 6 of 6Iwakawa et al. Surgical Case Reports            (2022) 8:70 

Received: 11 February 2022   Accepted: 10 April 2022

References
	1.	 Worthley DL, Phillips KD, Wayte N, Schrader KA, Healey S, Kaurah P, et al. 

Gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS): 
a new autosomal dominant syndrome. Gut. 2012;61:774–9.

	2.	 Rudloff U. Gastric adenocarcinoma and proximal polyposis of the 
stomach: diagnosis and clinical perspectives. Clin Exp Gastroenterol. 
2018;11:447–59.

	3.	 Li J, Woods SL, Healey S, Beesley J, Chen X, Lee JS, et al. Point mutations 
in exon 1B of APC reveal gastric adenocarcinoma and proximal polyposis 
of the stomach as a familial adenomatous polyposis variant. Am J Hum 
Genet. 2016;98:830–42.

	4.	 Uyama I, Suda K, Nakauchi M, Kinoshita T, Noshiro H, Takiguchi S, et al. 
Clinical advantages of robotic gastrectomy for clinical stage I/II gastric 
cancer: a multi-institutional prospective single-arm study. Gastric Cancer. 
2019;22:377–85.

	5.	 Matsumoto C, Iwatsuki M, Iwagami S, Morinaga T, Yamashita K, Nakamura 
K, et al. Prophylactic laparoscopic total gastrectomy for gastric adenocar-
cinoma and proximal polyposis of the stomach (GAPPS): the first report in 
Asia. Gastric Cancer. 2021;25:473–8.

	6.	 Kanemitsu K, Iwatsuki M, Yamashita K, Komohara Y, Morinaga T, Iwagami 
S, et al. Two Asian families with gastric adenocarcinoma and proximal 
polyposis of the stomach successfully treated via laparoscopic total 
gastrectomy. Clin J Gastroenterol. 2021;14:92–7.

	7.	 Mitsui Y, Yokoyama R, Fujimoto S, Kagemoto K, Kitamura S, Okamoto K, 
et al. First report of an Asian family with gastric adenocarcinoma and 
proximal polyposis of the stomach (GAPPS) revealed with the ger-
mline mutation of the APC exon 1B promoter region. Gastric Cancer. 
2018;21:1058–63.

	8.	 de Boer WB, Ee H, Kumarasinghe MP. Neoplastic lesions of gastric 
adenocarcinoma and proximal polyposis syndrome (GAPPS) are gastric 
phenotype. Am J Surg Pathol. 2018;42:1–8.

	9.	 Grossman A, Colavito J, Levine J, Thomas KM, Greifer M. Filling in the 
“GAPPS”: an unusual presentation of a child with gastric adenocarcinoma 
and proximal polyposis of the stomach. Gastric Cancer. 2021;28:468–72.

	10.	 Nakamura S, Matsumoto T, Kobori Y, Iida M. Impact of Helicobacter pylori 
infection and mucosal atrophy on gastric lesions in patients with familial 
adenomatous polyposis. Gut. 2002;51:485–9.

	11.	 Uemura N, Okamoto S, Yamamoto S, Matsumura N, Amaguchi SY, 
Yamakido M, et al. Helicobacter pylori infection and the development of 
gastric cancer. N Engl J Med. 2001;345:784–9.

	12.	 Mitsui Y, Teramae S, Tanaka K, Fujimoto S, Kitamura Y, Okamoto K, et al. 
Clinicopathological characteristics and pathogenic germline variants of 
gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS). 
J Fam Tumors. 2019;19:53–9.

	13.	 McDuffie LA, Sabesan A, Allgäeuer M, Xin L, Koh C, Heller T, et al. 
β-Catenin activation in fundic gland polyps, gastric cancer and colonic 
polyps in families afflicted by “gastric adenocarcinoma and proximal 
polyposis of the stomach” (GAPPS). J Clin Pathol. 2016;69:826–33.

	14.	 Repak R, Kohoutova D, Podhola M, Rejchrt S, Minarik M, Benesova L, et al. 
The first European family with gastric adenocarcinoma and proximal 
polyposis of the stomach: case report and review of the literature. Gastro-
intest Endosc. 2016;84:718–25.

	15.	 Kaurah P, Talhouk A, MacMillan A, Lewis I, Chelcun-Schreiber K, Yoon SS, 
et al. Hereditary diffuse gastric cancer: cancer risk and the personal cost 
of preventive surgery. Fam Cancer. 2019;18:429–38.

	16.	 van der Kaaij RT, van Kessel JP, van Dieren JM, Snaebjornsson P, Balagué 
O, van Coevorden F, et al. Outcomes after prophylactic gastrectomy for 
hereditary diffuse gastric cancer. Br J Surg. 2018;105:e176–82.

	17.	 Hikage M, Fujiya K, Kamiya S, Tanizawa Y, Bando E, Terashima M. Compari-
sons of surgical outcomes between robotic and laparoscopic total gas-
trectomy in patients with clinical stage I/IIA gastric cancer. Surg Endosc. 
2022. https://​doi.​org/​10.​1007/​s00464-​021-​08903-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00464-021-08903-2

	Four cases of gastric adenocarcinoma and proximal polyposis of the stomach treated by robotic total gastrectomy
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Case 1
	Case 2
	Case 3
	Case 4

	Discussion
	Conclusions
	Acknowledgements
	References


