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Abstract
Background and aim Gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS) is an autosomal 
dominant syndrome characterized by fundic gland polyps (FGP) as well as an increased risk of gastric cancer. The 
syndrome has been recognized as a clinical entity for less than a decade. A clinical suspicion may be complex and 
can vary from incidental findings of FGPs at gastroscopy to obstructive symptoms with dyspepsia and vomiting. The 
diagnosis is established by genetic detection of a pathogenic variant in the promotor 1B region of the APC gene. As 
of yet there are no established clinical criteria for the diagnosis. To increase knowledge of the condition and to discuss 
possible genetic testing and surveillance strategies, we performed a systematic review of all reported patients with 
GAPPS.

Methods This review was organized according to PRISMA guidelines. The search, which was conducted on 
September 7th, 2023, was applied to MEDLINE and restricted to only humans and papers in the English language. 
Only the studies on patients/families with GAPPS verified by identification of a pathogenic variant in the APC 
promoter 1B were included.

Results Twelve publications with a total of 113 patients were identified. In all instances the diagnosis was genetically 
verified with reports of four different variants within the APC promotor 1B region. Eighty-eight patients (90.1%) had 
gastric polyps, of these seven patients had low-grade dysplasia and five patients had both low- and high-grade 
dysplasia. Thirty-seven patients (45.7%) underwent gastrectomy. There were no reports of duodenal polyps (0%). 
Gastric cancer was found in 31 patients (30.1%) with a median age of 48 years (range 19–75). Twenty-six patients died 
(23.2%) of which 19 had developed gastric cancer (73.1%). One patient was diagnosed with metastatic colorectal 
cancer (2.2%) and died at 73 years of age. Nineteen patients had colorectal manifestations with < 20 polyps (41.3%).
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Background
Gastric fundic gland polyps (FGP) are most often spo-
radic and an incidental finding at gastroscopy. In familial 
adenomatous polyposis (FAP) the development of mul-
tiple gastric polyps are common [1], but the malignant 
potential is considered low [2]. Gastric adenocarcinoma 
and proximal polyposis of the stomach (GAPPS) is an 
autosomal dominantly inherited syndrome which is also 
characterized by fundic gland polyps and gastric cancer. 
The syndrome was originally described by Worthley et 
al. in 2012 [3]. The underlying genetic cause of GAPPS is 
heterozygous pathogenic single nucleotide variants in the 
promoter 1B region of the APC gene, whereas large dele-
tions of the promotor 1B region predisposes to FAP. The 
single nucleotide variants in the promotor 1B of the APC 
gene interrupt the Ying Yang 1 (YY1) binding site, reduc-
ing the expression from promoter 1B [4]. GAPPS pres-
ents with multiple polyps in the gastric body and fundus 
but sparing the antrum. FAP can also present with FGPs, 
but the phenotypic difference lies in the colonic and duo-
denal manifestations [2, 5]. FAP is characterized by hun-
dreds to thousands of colorectal polyps and a cumulative 
incidence of duodenal polyps of 90%, while colonic- and 
duodenal polyposis is typically not seen in patients with 
GAPPS [2–8].

Still little is known about the penetrance of gastric 
cancer in GAPPS but it is believed to be high [3, 9]. Due 
to this risk patients with GAPPS are observed with rou-
tine gastroscopies and polypectomies. Prophylactic gas-
trectomy is also performed usually due to the finding of 
dysplasia in the FGPs, severe polyposis or gastric cancer. 
However, there are no established clinical guidelines.

Since the discovery of the syndrome, clinical diagnostic 
criteria have been proposed. Worthley et al. recommend 
the following diagnostic criteria for GAPPS (all must be 
fulfilled):

(1) gastric polyps restricted to the body and fundus 
with no evidence of colorectal or duodenal polypo-
sis; (2) > 100 polyps carpeting the proximal stomach in 
the index case or > 30 polyps in a first-degree relative 
of another case; (3) predominantly FGPs, some having 
regions of dysplasia (or a family member with either dys-
plastic FGPs or gastric adenocarcinoma); (4) an autoso-
mal dominant pattern of inheritance. Exclusions include 
other gastric polyposis syndromes and the use of proton 
pump inhibitors (PPIs) [3]. However, genetic analysis is 
now used to confirm a clinical suspicion of GAPPS.

In this study, we performed a systematic review of 
reported patients with GAPPS to explore the recom-
mendations for genetic testing, future surveillance, and 
prophylactic gastrectomy in patients with a pathogenic 
variant in the APC promoter 1B.

Methods
This review was performed according to PRISMA guide-
lines and using the COVIDENCE® online program. The 
literature search was restricted to MEDLINE (PubMed) 
database with the following criteria: (gapps OR gastric 
adenocarcinoma and proximal polyposis of the stomach 
OR gastric polyps) AND (apc OR (autosomal dominant) 
OR (promoter 1B) and restricted to only humans and arti-
cles in the English language. The search was conducted 
on September 7th, 2023. Only original studies including 
patients/families with a pathogenic variant in the APC 
promoter 1B were included. Patients with FAP, Peutz-
Jeghers syndrome (PJS), Juvenile polyposis syndrome 
(JPS), and other hereditary gastric syndromes such as 
Lynch syndrome (LS) and hereditary diffuse gastric can-
cer (HDGC) were excluded.

Results
A total of 283 articles were identified, and 12 arti-
cles were included (Fig.  1) with a total of 113 patients 
(Table 1) from 27 different families [3, 4, 6, 7, 9–16]. The 
age at diagnosis was reported in 82 patients with a mean 
age of 43 years, ranging from 10 to 92 years. All patients 
(supplemental Table 1) met the criteria of GAPPS either 
after the confirmation of a pathogenic variant in the APC 
promotor 1B (98 patients) or by being an obligate carrier 
of a gene variant (15 patients). The patients were from 
Asia, Europe, Australia, and North America.

Genetics
Four different variants were reported within the APC 
promotor 1B region in the 27 families (Table  1, supple-
mental table 1 and Fig.  2), the most common being c.-
191T > C which was found in 52 patients. Thirty-three 
patients were reported having two APC promotor 1B 
variants: c.−195 A > C and c.−125delA. Two patients had 
the c.-192  A > G variant, while one had the c.-191T > G 
variant. Ten patients were reported to have a variant in 
the promoter 1B of the APC gene but with no specifica-
tion of where the variant was localized. Fifteen patients 
were identified as obligate carriers.

Conclusion Patients with a pathogenic variant in the APC promoter 1B region have an increased risk of gastric 
polyposis and early-onset gastric cancer. However, there is considerable variation in clinical expression and 
penetrance, which makes decisions on surveillance and the timing of prophylactic gastrectomy challenging.

Keywords Systematic review, Gastric adenocarcinoma and proximal polyposis of the stomach, Gapps, APC, Promotor 
region, Gastric polyps
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Polyps
Eighty-eight patients (90.1%) had gastric fundus polyps 
that were histopathologically described as gland polypo-
sis (Fig.  3). Nine patients (9.3%) had no FGPs. Dyspla-
sia status of the FGPs were described in 24 patients [3, 

4, 6, 9, 11–16]. Seven patients had low-grade dysplasia, 
three patients had both low- and high-grade dysplasia, 
two patients had low-grade dysplasia which progressed 
to high-grade dysplasia, five patients had unspecified 

Fig. 1 PRISMA flowchart
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dysplasia while the remaining seven patients had no 
dysplasia.

Information regarding duodenal polyposis was avail-
able in 17 families (63%) and was absent in all.

In total, 19 out of 46 examined patients had colorectal 
manifestations (41.3%). They presented with less than 20 
either colorectal hyperplastic polyps, simple tubular ade-
nomas or tubulovillous adenomas.

Cancer
The information on development of gastric cancer was 
available in 103 patients and was reported in 31 patients 
(30.1%) with a histologically proven adenocarcinoma, 
including one case of carcinoma in situ, in 22 patients 
(70.9%), and no information on the histopathology in 
the remaining nine patients (Table  1). The information 

on gastrectomy was available on 25 of the 31 patients 
with gastric cancer and was performed on nine of those 
patients (36%). The median age at cancer diagnosis was 
48 years (mean age 44 years), ranging between 19 and 75 
years. One patient (2.2%) was diagnosed with metastatic 
colorectal cancer and died at the age of 73.

Mortality
Twenty-six patients died (23.2%), of which 19 had devel-
oped gastric cancer (73.1%) and one had developed met-
astatic colorectal cancer (3.8%). Among the remaining six 
patients, there was no information on the cause of death 
(Table 1).

Gastrectomy
Information regarding gastrectomy was available on 
81 patients – and was performed in 37 patients (45.7%) 
(Table  1). Of these, five underwent gastrectomy due 
to gastric cancer (13.5%). Two of these patients were 
observed with gastroscopy every three months for 12 
months prior to the diagnosis of gastric cancer. Four 
were found to have an incidental gastric adenocarcinoma 
(10.8%), of which two had high-grade dysplasia focally 
before gastrectomy, one had low-grade dysplasia and one 
had an unknown dysplasia status. Gastric polyposis was 
found in the remaining 28 cases (75.7%), with reports 
of low-grade dysplasia in four patients, two reports of 
focal dysplasia, one report of dysplasia without specifi-
cation and one report of a patient with both low-grade 
and high-grade dysplasia. In the remaining 20 cases there 
were no reports of dysplasia status, yet gastrectomy was 
performed as a prophylactic measure due to massive 
polyposis and/or a family history of gastric cancer. No 
postoperative mortality was reported. The median age at 
gastrectomy was 37 years (mean age 41 years), ranging 
from 19 to 66.

Discussion
This review covers 12 case studies with 113 patients 
diagnosed with a pathogenic variant in the promoter 1B 
region of the APC gene. Eighty-eight (90.1%) patients had 
gastric polyps, 37 (45.7%) underwent gastrectomy, and 
gastric cancer was detected in 31 patients (30.1%) with 
the youngest patient being diagnosed at 19 years of age. 
Thus, based on our collected data, GAPPS is a syndrome 
with a substantial risk of developing gastric cancer from 
an early age; however, there is a considerable variability 
in expression within and between families. Furthermore, 
penetrance could be reduced which is not necessarily 
reflected in our data due to ascertainment bias. Only a 
few other hereditary syndromes increase the risk of gas-
tric cancer to such an extent with HDGC being the one 
with the highest penetrance. Studies suggest that HDGC 
is associated with a gastric cancer risk of up to 42% [17, 

Table 1 Summary of patient characteristics
Parameter n %
Number of patients 113
Number of families 27
Mean age of diagnosis (years) 43 (n = 82)
Age range (years) 10–92
Gender M/F 18/36 33%/66%
Obligate carriers 15 13%
Reported pathogenic variant
Pathogenic variants

98 77.8%

 - APC variant: c.-191T > C 52 53.1%
 - APC variant: c.-195 A > C and c.-125delA 33 33.7%
 - APC variant: c.-192 A > G 2 2%
 - APC variant: c-191T > G 1 1%
 - Unspecified 10 10.2%
Gastric polyposis 88 (n = 97) 90.1%
Low-grade dysplasia/low- and high-grade 
dysplasia/ unspecified

7/5/5 
(n = 24)

29.2%/ 
20.8%/ 
20.8%

Duodenal polyps 0 (n = 83) 0%
Colorectal polyps 19 (n = 46) 41.3%
Gastric cancer diagnosis 31 (n = 103) 30.1%
 - Adenocarcinoma 22 70.9%
 - Unknown histopathology 9 16.1%
 - Median age (years) 48 (n = 25)
 - Age range (years) 19–75
 - Gender M/F 5/17 22.7%/ 

77.3%
Colorectal cancer 1 (n = 46) 2.2%
Mortality 26 (n = 112) 23.2%
 - Death from gastric caner 19 73.1%
 - Death from colorectal cancer 1 3.8%
 - Unspecified 6 23.1%
 - Median age (years) 52 (n = 12)
Gastrectomy 37 (n = 81) 45.7%
 - Median age (years) 37 (n = 15)
 - Age range (years) 19–66
The figures in brackets denote the number of patients where there was a 
specific information on the event
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Fig. 3 Endoscopic images from a 25-year-old GAPPS patient seen at Hvidovre Hospital, Denmark. (a) Normal mucosa in the duodenum without any 
adenomas, (b) and (c) extensive gastric carpeting of fundic gland polyps, some with low-grade dysplasia, and (d) narrow-band imaging of the identical 
polyps

 

Fig. 2 Lollipop plot showing the APC NM_001127511.3 transcript including promoter 1B (exon 1), as well as identified promoter variants (c.-125del, c.-
191T > C, c.-191T > G, c.-192A > G and c.-195A > C) described in relation to gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS). Eigh-
teen families had the promotor variant c.-191T > C, one family had the promotor variant c.-192A > G, one family had the promotor variant c.-191T > G, one 
family had only the promotor variant c.-195A > C and one family had the promotor variants c.-195A > C and c.-125delA. E1-E14 indicates exon numbering.
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18]. LS, JPS, and PJS are other syndromes that increase 
the risk of gastric cancer with studies reporting a gastric 
cancer risk of between 2 and 8%, 5–21% and 24%, respec-
tively [19–23].

Globally, gastric cancer is considered the fifth most 
common cancer and it is the fourth most common cause 
of cancer death and thus there is a motivation to identify 
at-risk patients and offer surveillance [24]. However, in 
genetic syndromes that predispose to gastric cancer, sur-
veillance is not always straightforward as changes in the 
gastric mucosa are hard to detect with routine gastros-
copy. The European Hereditary Tumour Group (EHTG) 
and the American College og Gastroenterology (ACG) 
have established clinical guidelines for hereditary gastro-
intestinal cancer syndromes such as PJS and JPS, however 
not including GAPPS [25, 26]. Patients with PJS are often 
recommended a baseline examination for gastric cancer 
starting at the age of eight and repeated at the age of 18 
years if no polyps are found and from then every three 
years. Concerning JPS, surveillance often starts at 12–15 
years of age and is repeated every 1–3 years depending 
on the severity of polyposis, though recent guidelines dif-
ferentiate between the genetic subtypes as patients with a 
pathogenic variant in SMAD4 have a more severe gastric 
phenotype. In these patients, gastrectomy is often per-
formed because of severe gastric polyposis with obstruc-
tive symptoms and their risk of gastric cancer has been 
reported to be roughly 5% [27].

Similar clinical guidelines could be proposed for 
GAPPS, even though risk estimates for cancer develop-
ment are uncertain. Also, the difficulty with surveillance 
of FGPs in patients with GAPPS is collecting the right 
sample biopsies reflecting of the underlying status of dys-
plasia. This becomes more problematic in patients with 
> 100 larger FGPs in the gastric area mixed with adeno-
matous polyps, which increases the risk of potentially 
missing areas of malignant transformation and focal pro-
gression. For example, one patient in this study was sus-
pected of gastric cancer due to histopathological findings 
of foveolar-type dysplasia/adenoma or adenocarcinoma 
with low-grade atypia. However, histopathology on the 
following specimens from the gastrectomy showed only 
FGPs with dysplasia, thus illustrating the difficulty in pre-
operative diagnostics of gastric cancer [16]. Furthermore, 
we also found that there is a remarkable variation in 
clinical expression in patients with GAPPS. The young-
est patient to be diagnosed with gastric adenocarcinoma 
in our review was 19, while the oldest was 75. The deci-
sion of when prophylactic gastrectomy is indicated can 
be challenging, and various variables should be taken 
into consideration including the risk of serious compli-
cations such as anastomotic leakage. In addition, there is 
still an increased morbidity and mortality risk post-gas-
trectomy along with other long-term complications such 

as diarrhea, dumping syndrome, malnutrition and more. 
Yet, long-term gastroscopy surveillance does not seem 
favorable as there are reports of interval cancers [9, 28]. It 
therefore seems that prophylactic gastrectomy should be 
recommended in patients with GAPPS if they have clini-
cal manifestations e.g., polyposis with dysplasia. How-
ever, one should keep in mind, that we do not know the 
natural history. Also, GAPPS could be underdiagnosed, 
and the current results may be overestimating the risk of 
severe disease. The increased use of genetics in diagnos-
tics today, will hopefully lead to more knowledge on the 
phenotypic spectrum. In this review we found that not all 
patients who were diagnosed with gastric cancer under-
went gastrectomy. In the observed cases, the lack of gas-
trectomy was either due to advanced metastatic disease 
or death shortly after diagnosis.

The Danish Surgical Society and the Danish Society of 
Medical Genetics have developed a guideline for GAPPS 
[29]. They recommend upper endoscopic surveillance 
annually in patients from the age of 15 and eventually 
more frequently if polyps are present. Prophylactic gas-
trectomy is recommended if dysplasia is identified in the 
biopsy specimen. All patients should be followed after-
wards upon duodenal manifestations according to the 
Spiegelman stage of duodenal polyps. However, these 
recommendations are based on expert opinions and as 
this study shows, there seems to be little or no risk of 
duodenal neoplasia.

Genetic analysis is a cornerstone in the diagnosis of 
GAPPS. Although clinical diagnostic criteria have been 
proposed, it is difficult to differentiate between GAPPS 
and patients with sporadic fundic gland polyps or gastric 
polyps for other reasons. Consequently, it is also difficult 
to recommend criteria for when to perform genetic test-
ing upon detection of such polyps. In general, a family 
history of FAP or colonic FAP manifestations with sev-
eral adenomas and/or extraintestinal FAP manifestations 
should lead to a suspicion of FAP. The detection of ham-
artomatous juvenile polyps along with an inflammatory, 
edematous, and erythematous appearance of the gastric 
mucosa should lead to a suspicion of SMAD4-related 
JPS [27]. Gastric polyps are also seen in PTEN hamar-
toma tumor syndrome (Cowden syndrome), but these are 
often hamartomas, ganglioneuromas and hyperplastic 
polyps, and the patients may experience other symptoms 
such as dermatological manifestations and macrocephaly 
[30, 31]. Glycogenic acanthosis of the esophagus is also 
reported in up to 80% of these patients [32]. In addition, 
FGPs are also seen sporadically and associated with the 
use of PPIs. One study found FGPs in 23% of patients 
taking PPIs, compared with a 12% incidence in patients 
not taking PPIs [33]. The malignant potential of sporadic 
fundic gland polyps seems to be very low, as is the preva-
lence of H. pylori infection [34]. In general, early gastric 
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cancer (under 40–50 years of age) with or without pol-
yps should lead to genetic testing, also to rule out other 
genetic causes to early gastric cancer. We also propose 
that one should consider GAPPS in the case of unex-
plained corpus fundic polyposis in addition to a family 
history of gastric cancer – no matter the age at gastric 
cancer. This is also reflected in our results as the age of 
gastric cancer varied (from 19 to 75 years of age).

Today, most genetic analyses are done with a next gen-
eration sequencing (NGS) panel comprising several pol-
yposis-associated genes (including SMAD4 and APC). 
However, it is worth noting that the promoter 1B region 
of APC is not always included and additional genetic 
analyses, including whole genome sequencing (WGS), 
could be used to detect variants in this region of the APC 
gene. The youngest person to be diagnosed with GAPPS 
in this review was 10 years old and the youngest person 
to be diagnosed with gastric cancer was 19 years old. To 
date gastric cancer in GAPPS has not been reported in 
childhood and this raises the question of whether minors 
should be genetically tested for GAPPS. In all circum-
stances, patients diagnosed with or suspected of GAPPS 
should be referred to genetic counselling.

Although pathogenic variants are detected in the pro-
motor 1B region of APC, there is, based on this review, 
nothing that suggest that these patients have other 
manifestations of FAP, including both intestinal and 
extraintestinal manifestations. Nineteen patients out of 
46 examined (41.3%) presented with colorectal mani-
festations, each in the form of a scarce amount of either 
hyperplastic polyps, simple tubular adenomas, or tubu-
lovillous adenomas in the colorectal system. None had a 
colorectal phenotype resembling FAP. The high percent-
age of colorectal polyps may well represent the high prev-
alence of sporadic colorectal polyps that is also seen in 
the background population [35]. Only one patient at the 
age of 73 was diagnosed with colorectal cancer [7]. Thus, 
now there is no evidence to suggest that patients should 
be offered follow-up colonoscopy albeit one can choose 
to perform a base-line colonoscopy upon diagnosis.

The limitation of this review is that several case reports 
did not present information on all included variables. 
This resulted in multiple patients with either unknown 
individual characteristics and/or endoscopic findings, 
making it difficult to make a comprehensive descriptive 
analysis. Furthermore, the results on cancer and polypo-
sis risk are probably affected by ascertainment bias.

Conclusion
We observed a noticeably increased risk of gastric pol-
yposis and early-onset gastric cancer in the included 
GAPPS patients with a remarkable variation in clinical 
expression but an overall low prevalence of colorectal 
adenomatosis and colorectal cancer. This suggests that 

surveillance of the upper gastrointestinal tract is war-
ranted, but that colonoscopy could be omitted.
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