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Abstract
Gastric adenocarcinoma is one of the most frequent and 
deadly cancers worldwide. However, its incidence is vari-
able, being higher in eastern countries where screening the 
general population is recommended. On the other hand, in 
low to intermediate-risk countries, screening the general 
population may not be cost-effective, and therefore, it is nec-
essary to be aware of high-risk populations that may benefit 
from adequate screening and surveillance. It is not always 
easy to identify these individuals, leading to a late diagnosis 
of gastric adenocarcinoma. In this review, the authors intend 
to summarize the data required to identify the population at 
risk of sporadic or familial gastric adenocarcinoma and the 
beginning of screening and its surveillance, with the final 
aim of increasing early detection of gastric adenocarcinoma 
and decreasing morbimortality. The authors highlight the 
importance to be aware of the several hereditary syndromes 
and MAPS recommendations and apply screen and surveil-
lance protocols. The high-risk syndromes to gastric adeno-

carcinoma are gastric adenocarcinoma and proximal polyp-
osis of the stomach, hereditary diffuse gastric cancer, and 
familial intestinal gastric cancer. © 2022 The Author(s).

Published by S. Karger AG, Basel
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Resumo
O adenocarcinoma gástrico é um dos cancros mais fre-
quentes e mortais em todo o mundo. No entanto, a sua 
incidência é variável, sendo maior nos países orientais, 
onde o rastreio da população geral está recomendado. 
Por outro lado, nos países de risco baixo a intermediário, 
o rastreio da população geral pode não ser custo-efetivo 
e, portanto, é necessário conhecer quais são as popula-
ções de alto risco que podem beneficiar de rastreio e 
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vigilância adequados. Porém, nem sempre é fácil identifi-
car esses indivíduos levando a um diagnóstico tardio de 
adenocarcinoma gástrico. Nesta revisão, os autores pre-
tendem resumir a informação necessária à identificação 
da população em risco de adenocarcinoma gástrico es-
porádico ou familiar e o início do rastreio e sua vigilância, 
com o objetivo final de otimizar a deteção precoce do ad-
enocarcinoma gástrico e diminuir a morbimortalidade. Os 
autores salientam a importância de conhecer as diversas 
síndromes hereditárias e recomendações MAPS e aplicar 
protocolos de rastreio e vigilância. As síndromes de maior 
risco para adenocarcinoma gástrico são GAPPS, HDGC e 
FIGC. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Gastric adenocarcinoma is the fifth most common and 
fourth most mortal cancer worldwide [1]. Its high mortal-
ity can be explained by the absence of screening and ear-
ly-diagnosis strategies, resulting in the diagnosis of gas-
tric cancer (GC) at an advanced stage.

Currently, screening for gastric adenocarcinoma in 
the opposite, in low to intermediate-risk countries (i.e., 
Western countries), is only recommended for high-risk 
groups (e.g., extensive preneoplastic conditions, history 
of GC in a first-degree relative, genetic syndromes associ-
ated with GC risk) [2]. Classically, it is usual to aggregate 
Western countries in GC risk, but it is important to clar-
ify that it differs between the countries, and so it is essen-
tial to adjust screening and/or clinical investigation ac-
cordingly to the specific country’s risk (shown in Fig. 1).

Most cases of gastric adenocarcinoma are sporadic, 
with a minority of cases (10%) occurring in a context of 
familial aggregation or heritable syndromes [3]. GC can 
be classified into several subtypes depending on the clas-
sification, being the mostly used Lauren or WHO classi-
fications. Lauren’s classification was established in 1965 
and specifically subdivided the gastric adenocarcinoma 
into intestinal (53%), diffuse (33%), or indeterminate his-
tologic type (14%) [4]. The indeterminate type may cor-
respond to other subtypes according to WHO classifica-
tion. Despite its simplicity, Lauren’s classification is use-
ful to guide the investigation of affected or familial 
individuals with gastric adenocarcinoma.

Sporadic adenocarcinoma is generally of the intestinal 
type, associated with Helicobacter pylori infection, and 
corresponds to the last stage of the Correa cascade, which 
represents the progression of precancerous conditions, 

although family aggregation exists also in this GC sub-
type. On the other hand, diffuse adenocarcinoma is less 
frequent and, as it may be associated with a genetic disor-
der (hereditary diffuse gastric cancer; HDGC), this condi-
tion should be carefully evaluated.

High-risk population includes individuals with heri-
table syndromes associated with GC and individuals with 
risk factors for sporadic GC (mainly extensive precancer-
ous conditions associated with H. pylori). The lack of gas-
tric adenocarcinoma screening in the general population 
in low to intermediate-risk countries is associated with 
the lack of firm evidence of cost-effectiveness, although it 
is important to identify individuals with a higher risk of 
GC that may benefit from screening/surveillance.

The scarcity of literature on this topic led to this re-
view. We intend to summarize (i) diagnostic criteria of 
heritable syndromes associated to GC, (ii) risk factors for 
sporadic GC, (iii) timing to start screening, and (iv) sur-
veillance of high-risk population. Methods of detection, 
surveillance, and prophylactic or therapeutic interven-
tions will not be discussed in this review.

Methods

A narrative non-systematic review was performed based on an 
electronic search through the medical literature using PubMed. 
The keywords “Heritable Gastric Cancer,” “Familial gastric can-
cer,” “Sporadic cancer,” “Lynch syndrome,” “Li-Fraumeni syn-
drome,” “Gastrointestinal polyposis syndromes,” “Gastric Adeno-
carcinoma and Proximal Polyposis of the Stomach,” “Hereditary 
diffuse gastric cancer,” and “Familial intestinal gastric cancer” 
were used. No publication date restrictions were imposed, but 
guidelines and systematic reviews in the past 10 years from gastro-
enterology, endoscopy, oncology, genetics, and histopathology 
were preferred. When more than one guideline concerning the 
same subject was available, the most updated one was selected. 
Only articles published in English were considered. The majority 
of articles refer to European or North American studies. However, 
Asian articles were punctually included if relevant to the manu-
script.

Hereditary Cancer

Familial aggregation of gastric adenocarcinoma can 
occur in up to 10% of the patients, but a deleterious ge-
netic variant is only identifiable in about 1–3% of cases 
[3]. Familial/hereditary GC may be part of a genetic syn-
drome involving multiple organs or be exclusive to the 
stomach.
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Familial aggregation is defined through a high preva-
lence of GC among first-degree relatives (siblings, par-
ents, and children). Indeed, the existence of a first-degree 
relative with GC confers an increased risk (OR 2–10) of 
the disease [5].

However, it is important to clarify that familial GC ag-
gregation may be linked to shared environmental and 
lifestyle factors, thereafter increasing the incidence of 
cancer in a genetically susceptible family [6]. In fact, first-
degree relatives have a higher prevalence of H. pylori in-
fection, atrophy, and intestinal metaplasia [7]. This find-
ing validates the recommendation to perform esophago-
gastroduodenoscopy (EGD) every 3 years in individuals 
with precancerous conditions (non-extensive) and a fam-
ily history (1st degree relatives) of GC, and every 1–2 
years in patients with a family history of GC and extensive 
precancerous conditions according to MAPS II [8]. On 
the other hand, the risk of GC in second-degree relatives 
is lower [6] and, therefore, there is no indication for 
screening these individuals [8].

In the initial approach of a familial aggregation of gas-
tric adenocarcinoma, certain topics must be assessed to 
recognize patients at high risk of hereditary gastric ade-
nocarcinoma: histological type, presence of gastrointesti-

nal polyposis and extra-gastric neoplasms, a detailed fam-
ily tree of affected family members, and any known inher-
ited mutation/disease in the family (shown in Fig.  2). 
These elements are essential in the evaluation of the cri-
teria defined to motivate further risk assessment of heri-
table GC (shown in Fig. 3) [9]. Briefly, these include two 
or more relatives with the same cancer; cancer in at least 
two generations; cancer diagnosed at a young age; mul-
tiple neoplasia in the same individual; a family with an 
unusual cancer pattern; and cancer associated with a 
known heritable syndrome.

Hereditary causes are rare but multiple and, although 
the diagnoses are mostly clinical, some can be confirmed 
through genetic tests. Hereditary GC can be included in 
polyposis and nonpolyposis syndromes. The polyposis 
syndrome with the highest risk is gastric adenocarcinoma 
and proximal polyposis of the stomach (GAPPS), and 
those without polyposis are HDGC and familial intestinal 
gastric cancer (FIGC).

In this section, the main different causes will be dis-
cussed with a resume of diagnostic criteria, screening ini-
tiation, and surveillance (shown in Table 1, adapted from 
[10–12]). Prophylactic or therapeutic endoscopic or sur-
gical interventions will not be thoroughly discussed. Ad-

Fig. 1. Global incidence rate of GC in 2020.
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Referral to a cancer geneticist in the presence of at least one 
Individual criteria 
Gastric cancer before age 40 
Gastric cancer before age 50 who had one 1st or 2nd degree rela�ve affected with gastric 
cancer 
Gastric cancer at any age who had 2 or more 1st or 2nd degree rela�ve affected with gastric 
cancer 
Gastric cancer and breast cancer with one diagnosis before age 50 
Gastric cancer at any age and a family history of breast cancer in a 1st or 2nd degree rela�ve 
diagnosed before age 50 
Gastric cancer at any age and a family history of juvenile polyps or gastrointes�nal polyposis 
Gastric cancer at any age and a family history of cancers associated with Lynch syndrome  
Familial criteria 
Known muta�on in a gastric cancer suscep�bility gene in a close rela�ve  
Gastric cancer in one 1st or 2nd degree rela�ve who was diagnosed before age 40 
Gastric cancer in two 1st or 2nd degree rela�ves with one diagnosis before age 50 
Gastric cancer in three 1st or 2nd degree rela�ves independent of age, or  
Gastric cancer and breast cancer in one pa�ent with one diagnosis before age 50, juvenile 
polyps, or gastrointes�nal polyposis in a close rela�ve 

Personal history of Gastric adenocarcinoma 

Histologic type 

Gastrointes�nal polyposis history 

Onset age, pernicious anemia, risk factors (tobacco, etc) 

Inherited muta�on/ disease in family 

If Gastrointes�nal polyposis: 

         Polyposis Syndrome criteria evalua�on: 

- GAPPS 
- FAP 
- Hamartomatous Sdr 

If Diffuse-type adenocarcinoma: 

          HDGC syndrome criteria evalua�on 

(See Table 1) 

Non polyposis syndrome 

Intes�nal-type adenocarcinoma 

Personal or family history of extra gastric tumor 
(colon, kidney, pancreas, breast, endometrium, 
thyroid, etc)   

YES 

Lynch Syndrome or 

Li-Fraumenni Syndrome  

criteria evalua�on (See Table 1) 

 

 

NO 

FIGC clinical criteria evalua�on 
(See Table 1) 

NO 

Sporadic gastric cancer 

Sporadic gastric polyp 
with malignant poten�al 

 
(See Table 2) 

Family history of GA 

Family degree rela�ves 

Number of family members 

Onset age 

If 1st-degree rela�ve: EGD to evaluate precancerous condi�ons  

Yes Management according to MAPS 
(see Figure 4) 

No No surveillance  

NO 

Oncologic follow up 

If 2nd/3rd degree rela�ve: No further inves�ga�on 

Fig. 2. Initial approach to a patient with personal or family history of GC.

Fig. 3. Criteria for further risk evaluation 
for high-risk syndromes associated to GC 
(adapted from [9]).
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ditionally, other rarer hereditary syndromes associated 
with GC (ataxia-telangiectasia, Bloom syndrome, heredi-
tary breast and ovarian cancer syndrome, and xeroderma 
pigmentosum) will not be described due to the lack of 
information that supports recommendations on screen-
ing and surveillance [9].

Polyposis Syndromes

Hamartomatous Syndromes
The presence of hamartoma polyps in the digestive 

tract should raise the clinical suspicion of a genetic syn-
drome and, therefore, there is an indication for genetic 
study. Hamartomatous syndromes include Peutz-Jeghers 
syndrome, juvenile polyposis syndrome (JPS), and 
Cowden syndrome.

Peutz-Jeghers syndrome is characterized by perioral 
hyperpigmentation and hamartomatous polyps [13] and 
is mostly associated with STK11/LKB1 tumour suppres-
sor gene variants [14]. Although most polyps are located 
in the small bowel (60–90%), 15–30% are located in the 
stomach [14]. The risk of gastric adenocarcinoma is 29% 
at 15–64 years of age, with an average diagnosis between 
30 and 40 years of age [15]. Screening should start at 8 
years of age and, in the absence of lesions, repeated at 18 
years of age. Surveillance depends on phenotype and 
should be performed every 1–3 years [10].

JPS is diagnosed in the presence of at least one hamar-
tomatous polyp in the stomach [11], and in 40–60% of the 
cases there is a deleterious variant in the SMAD4 or BM-
PR1A genes [16]. The gastric phenotype is normally as-
sociated with variants in the SMAD4 gene [16], and the 
risk of extracolonic cancer is difficult to assess, ranging 
from 20% to 60%, including GC [17]. The current recom-
mendation is to start screening in SMAD4 variant carriers 
at 18 years of age and in BMPR1A variant carriers at 25 
years of age. Surveillance should be performed every 1–3 
years according to phenotype [10].

Cowden’s syndrome is characterized by the existence 
of several neoplasms dispersed through multiple organs 
and, concerning the stomach, gastric hamartomas associ-
ated with variants in the PTEN gene. The risk of gastric 
adenocarcinoma is higher, but its incidence is unknown 
[18]. GC screening and surveillance in these individuals 
is not consensual. Older guidelines recommended screen-
ing at 15 years of age and surveillance every 2–3 years 
[11]; however, more recent NCCN updates no longer rec-
ommend EGD due to lack of evidence [19].

Adenomatous Syndromes
Familial adenomatous polyposis (FAP) is mostly a 

colorectal disease, associated with an autosomal domi-
nant mode of transmission and variants in the APC gene, 
which can be classified as classic or attenuated, according 
to the number of colorectal adenomas. However, gastric 
polyps may occur in more than 60% of the patients [20], 
with different malignant risk.

Most gastric polyps associated with FAP are fundic 
gland polyps that may present with low-grade dysplasia 
in up to 40% of the cases [21], with high-grade dysplasia 
(HGD) and malignant transformation being rare [22, 23]. 
However, it should be recognized that sporadic fundic 
gland polyps associated with proton-pump inhibitor can 
also occur in FAP, and these hardly harbour dysplasia 
[18].

Up to 20% of polyps correspond to adenomas, encom-
passing foveolar-type adenomas (85%), pyloric gland ad-
enoma (15%), and intestinal-type adenoma (1–2%), with 
a corresponding increased risk of malignancy [21, 22]. 
Foveolar-type adenomas are rare in an absolute matter 
being the majority associated with APC variants and ap-
pearing as an isolated sporadic lesion within normal mu-
cosa and, thus, a low progression risk. Pyloric gland ad-
enomas, which are also rare and associated with normal 
mucosa, present HGD and adenocarcinoma foci at a 
higher frequency (10–15%). In contrast, intestinal-type 
adenomas are highly associated with advanced lesions 
(HGD or adenocarcinoma), intestinal metaplasia, gastri-
tis, and also synchronous adenocarcinoma. This may be 
explained by other risk factors than APC variants, such as 
H. pylori infection. These facts elucidate its lower fre-
quency but high malignancy risk.

The risk of GC in FAP in Western countries is low and 
was previously described as comparable to the risk of spo-
radic fundic gland polyps [23]. However, recent case se-
ries discovered advanced gastric lesions (including ade-
nocarcinoma) in extensive areas of sporadic fundic gland 
polyps [24, 25]. This fact may lead to the creation of spe-
cific protocols for screening and surveillance of GC in this 
population, which currently are lacking.

On the other hand, the risk of duodenal adenocarci-
noma is known to be highly associated to duodenal pol-
yposis and, therefore, is recommended starting screening 
at 25 years of age and surveillance according to Spigel-
man’s classification. Consequently, this is an opportunity 
to surveille gastric mucosa in an attempt to early detec-
tion of GC and precursors lesions, as recommended in the 
ESGE guideline [10].
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Table 1. Summary of diagnostic criteria and management of hereditable syndromes associated with gastric cancer (GC) risk

Gene GC risk Diagnostic criteria Initial screening age Surveillance

Polyposis syndromes
Adenomatous

Familial 
adenomatous 
polyposis (FAP)

APC promotor IA 4–7% (Asian 
population)
Not increased 
in Western 
countries

ACG guidelines:
• At least 10 cumulative colorectal adenomas
• History of adenomas and FAP-type 
extracolonic manifestations*
• Family history of one of the adenomatous 
polyposis syndromes

EGD: 25 years of age EGD: According to 
Spigelman score

MUTYH-
associated 
polyposis

MUTYH 2% (F) to 5% 
(M)

>10 colorectal adenomas EGD: 35 years of age EGD: According to 
Spigelman score

Hamartomatous
PJS STK11/LKB1 29% at 15–64 

years
WHO criteria:
• At least three Peutz-Jeghers polyps
• Any number of Peutz-Jeghers polyps with a 
family history of PJS
• Characteristic, prominent mucocutaneous 
pigmentation with a family history of PJS
• Any number of Peutz-Jeghers polyps and 
characteristic, prominent mucocutaneous 
pigmentation

EGD: 8 years of age
Repeated at 18 years of age

EGD every 1–3 years if 
polyps found

JPS SMAD4 (BMPR1A) 10–30% WHO criteria:
• More than three to five juvenile polyps of 
the colorectum
• Juvenile polyps throughout the 
gastrointestinal tract
• Any number of juvenile polyps with a 
family history of juvenile polyposis

SMAD4 
EGD: 18 years of age 
BMPR1A
EGD: 25 years of age

EGD every 1–3 years
Management case-by-
case

Cowden 
syndrome

PTEN Rare ACG guidelines:
• Individuals with multiple gastrointestinal 
hamartomas or ganglioneuromas should be 
evaluated for Cowden syndrome and related 
conditions

Not recommended [19]
EGD: 15 years of age [11]

Not recommended [19]
EGD every 2–3 years
If duodenal polyps ECG 
according to 
Spigelman score [11]

Fundic glands polyps (FGP)
GAPPS APC promotor IB 13% Essential criteria:

• Proximal polyposis with antral sparing.
• No evidence of colorectal or duodenal 
polyposis
• >100 polyps carpeting the proximal 
stomach in the index patient or >30 polyps 
in a first-degree relative of another patient
• predominantly FGPs and/or fundic gland-
like polyps
• Proband or relative with either dysplastic 
FGPs or GC

Prophylactic gastrectomy 
in probands (?) 
EGD in first-degree relatives 
(age?)

ECG surveillance case-
by-case
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Gene GC risk Diagnostic criteria Initial screening age Surveillance

Nonpolyposis syndromes
Intestinal type

Lynch syndrome MSH2, MLH1, 
MSH6, PMS2, 
EPCAM

13% Global 
(10%, 9%, 7%, 
0%, 0%)

Amsterdam criteria II:
• HNPCC-associated cancer† in three or more 
relatives.
• One being a first-degree relative of the 
other two.
• Two or more successive generations 
affected
• HNPCC-associated cancer <50 years in one 
or more patients
• Exclusion of FAP
Revised Bethesda criteria:
• CRC at age <50 years
• Synchronous, metachronous colorectal or 
other HNPCC-associated tumour‡ regardless 
of age
• CRC with MSI histology§ at age <60 years
• CRC in one or more first-degree relatives with 
a Lynch syndrome-related tumour, with one 
of the cancers diagnosed at age <50 years
• CRC in two or more first-degree or second-
degree relatives with Lynch syndrome-
related tumours, regardless of age
Universal screening for all CRCs and 
endometrial cancers
Computational predictive models:
• PREMM Model >5%

EGD: 30–35 years of age EGD every 2–3 years 
according to 
phenotype

Li-Fraumeni 
syndrome (LFS)

TP53 2–5% Revised Chompret criteria:
• LFS tumour¶ at age <46 years and at least 
one first-degree or second-degree relative 
with LFS tumour (except breast cancer if the 
proband has breast cancer) at age <56 years 
or multiple tumours
• Multiple tumours (except breast cancer), 
two of which belonged to the LFS tumour 
spectrum and the first of which occurred at 
age <46 years
• Adrenocortical carcinoma or choroid plexus 
tumour

Disagreement 
EGD: 25 years of age [19]
Not recommended [34]

Disagreement 
EGD every 2–5 years 
[19]
Not recommended [34]

FIGC Unknown – 
probable 
polygenic cause

66% IGCLC criteria in high-incidence countries:
• Intestinal GC in three or more relatives
• One being a first-degree relative of the 
other two
• Two or more successive generations affect-
ed
• Intestinal GC at age <50 years in one or 
more patients
• Exclusion of gastric polyposis 
IGCLC criteria in low-incidence countries:
• Intestinal GC in two or more first-degree 
relatives
• Intestinal GC in second-degree relatives, 
one diagnosed at age <50 years
• Intestinal GC in three or more relatives at 
any age
Proposal of new criteria:
• GC in two or more relatives at any age
• At least one intestinal GC

EGD: 40 years of age or 5 
years before the youngest 
case

EGD every 5 years

Table 1 (continued)
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MUTYH-associated polyposis is an autosomal reces-
sive syndrome associated with biallelic variants in the 
MUTYH gene. This syndrome also has an increased risk 
of duodenal (4%) [21] and GC (2–5%) [12], thus an EGD 
should be performed at 35 years of age and then main-
tained similarly to FAP [10].

Gastric Adenocarcinoma and Proximal Polyposis of 
the Stomach
GAPPS is a recently described gastric polyposis syn-

drome characterized by an excess of fundic gland polyps 
that affects the fundus and gastric body, sparing the an-
trum and small curvature, and no colorectal phenotype. 
Its diagnosis is clinical and must meet specific criteria 
(shown in Table 1) [26]. It is an autosomal dominant he-
reditary disease with incomplete penetrance secondary 
to variants in the promoter IB of the APC gene [27]. This 

syndrome has a high risk (13%) [26] of intestinal-type 
gastric adenocarcinoma and HGD, unlike other GC as-
sociated polyposis, like FAP and fundic gland polyps 
[28].

The natural history of GAPPS is variable, and addi-
tional mutations can arise that lead to malignant transfor-
mation and earlier progression. Thus, affected patients 
should initiate screening (as their first-degree family 
members) and endoscopic surveillance. However, there 
are still no clear recommendations in this issue [26]. 
There are case-reports where dysplastic, or even neoplas-
tic, lesions are undistinguished within polypoid carpet in 
patients who present with metastatic disease. This fact 
may support the recommendation for prophylactic total 
gastrectomy [28].

Gene GC risk Diagnostic criteria Initial screening age Surveillance

Diffuse type
Hereditary diffuse 
gastric cancer 
(HDGC)

CDH1 
CTNNA1

Clinical 
criteria 2015: 
33% (F) to 
42% (M)

IGCLC Family criteria (first and second 
relatives):
• At least two cases of GC in family 
regardless of age, with at least one diffuse 
GC
• At least one case of diffuse GC at any age 
and one or more cases of LBC at age <70 
years in different family members
• At least two cases of LBC in family 
members aged <50 years 
IGCLC Individual criteria:
• Diffuse GC at age <50 years
• Diffuse GC at any age in individuals of 
Maori ethnicity
• Diffuse GC at any age in individuals with a 
personal or family history (first degree) of 
cleft lip/cleft palate
• History of diffuse GC and LBC, both 
diagnosed at age <70 years
• Bilateral LBC, diagnosed at age <70 years
• Gastric in-situ signet-ring cells and/or 
pagetoid spread of signet-ring cells in 
individuals aged <50 years

• CDH1 pathogenic: 
prophylactic gastrectomy 
at 20–30 years
• CDH1 variant uncertain 
significance or CTNNA1 or 
HDGC-like:
-Probands: surveillance at 
diagnosis (Cambridge 
protocol)
-First-degree relatives: 40 
years or 10 years before 
youngest case

Annually in first 2 years 
and then every 2 years 
according to 
phenotype (Cambridge 
protocol)

ACG, American College of Gastroenterologists; CRC, colorectal cancer; EGD, esophagogastroduodenoscopy F, Female; GAPPS, gastric adenocarcinoma 
and proximal polyposis of the stomach; HNPCC, hereditary nonpolyposis colorectal cancer; IGCLC, International Gastric Cancer Linkage Consortium; LBC, 
lobular breast cancer; M, male; MSI, microsatellite instability; WHO, World Health Organization; PJS, Peutz-Jeghers syndrome; JPS, juvenile polyposis 
syndrome. * Duodenal/ampullary adenomas, desmoid tumours (abdominal > peripheral), papillary thyroid carcinoma, congenital hypertrophy of the retinal 
pigment epithelium, epidermal cysts, and osteomas. † HNPCC-associated cancers include CRC, endometrial cancer, small-bowel cancer, and ureteral or renal 
pelvis cancer. ‡ HNPCC-related tumours include colorectal tumour, endometrial tumour, stomach tumour, ovarian tumour, pancreatic tumour, small-bowel 
tumour, ureteral or renal pelvis tumour, biliary tract tumour, brain tumour (usually glioblastoma), sebaceous gland adenoma, and keratoacanthoma. 
§ Tumour-infiltrating lymphocytes, Crohn’s-like lymphocytic reaction, mucinous and signet-ring cell features, and medullary growth pattern. ¶ Soft tissue 
sarcoma, osteosarcoma, brain tumour, premenopausal breast cancer, adrenocortical carcinoma, leukaemia, and lung bronchoalveolar cancer.

Table 1 (continued)
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Nonpolyposis Syndromes

Lynch Syndrome
Lynch syndrome is the most common cause of heri-

table gastrointestinal cancer and is an autosomal domi-
nant syndrome linked to germline variants in one of the 
DNA mismatch repair (MMR) genes (MSH2, MSH6, 
MLH1, PMS2) or exonic deletions in the EPCAM gene 
[29]. Diagnosis of Lynch syndrome can be difficult, so 
there are different methods to support the diagnostic ap-
proach. These include the Amsterdam II criteria (family 
related clinical criteria; sensitivity 22%, specificity 98%), 
the Bethesda criteria (individual clinicopathologic crite-
ria; sensitivity 82%, specificity 77%) and, finally, compu-
tational predictive models (MMRpredict, MMRpro, and 
PREMM) (shown in Table 1). The latter can be used when 
Lynch syndrome is suspected and is impossible to con-
firm the criteria (dead or distant relatives, etc.). The 
PREMM model is more practical and applicable to the 
general population, with higher sensitivity but lower 
specificity (90% and 67%, respectively). A probability 
greater than 5% means that the patient is admissible for 
genetic testing [29].

The lifetime risk of GC in Lynch Syndrome patients 
remains not deeply studied. An old Finnish study referred 
to a 13% lifetime risk [30], but a more recent Dutch study 
reported a lower relative risk (3.4 incidence ratio) [31]. 
Also, it demonstrated a higher risk in males (8%) com-
pared to females (5.3%) [31]. Since the intestinal type is 
the most frequent, there is a possibility of surveillance; 
however, there is a lack of data for robust recommenda-
tions [29]. A recent retrospective study has found that 
patients with MMR deleterious variants have a high prev-
alence of precursor conditions (HP infection in 58.3%, 
intestinal metaplasia in 38.2%, and multifocal atrophy in 
33.6%). (Raquel Ortigão et al., Eur J Gastroenterol Hepa-
tol, in press).

Thus, it is currently recommended to screen patients 
with Lynch syndrome or MMR deleterious variants with 
EGD at 30–35 years of age with biopsies for screening for 
H. Pylori and eradication, if present. Surveillance should 
be performed every 2–3 years according to individual 
risk, i.e., family history of gastric adenocarcinoma and/or 
presence of precancerous conditions [29].

Li-Fraumeni Syndrome
Li-Fraumeni syndrome is an autosomal dominant dis-

ease characterized by multiorgan neoplasms associated 
with deleterious germline variants in TP53 [32]. The risk 
of GC in these patients does not seem to be completely 

determined, with older studies showing a high prevalence 
(26%) [33], while more recent ones showed a non-supe-
rior risk in this population compared to the general pop-
ulation [34].

Thus, the recommendations are discordant regarding 
screening and surveillance of gastric cancer. NCCN 2022 
update recommends surveillance at 25 years of age or 5 
years before the earliest GC in the family and to be re-
peated every 2–5 years [19]; on the other hand, the UK 
2021 consensus recommends H. pylori testing and eradi-
cation, if required, but does not recommend EGD for sur-
veillance, due to lack of evidence [35].

Hereditary Diffuse Gastric Cancer
HDGC is a rare autosomal dominant syndrome de-

fined by the presence of, at least, one diffuse GC plus lob-
ular breast cancer associated with CDH1 or CTNNA1 ger-
minative variants [36]. Additionally, some families have 
an isolated phenotype of lobular breast cancer, designat-
ed as hereditary lobular breast cancer, while others fulfil 
clinical criteria but do not carry a genetic variant, known 
as HDGC-like.

In 2020, the International Gastric Cancer Linkage 
Consortium (IGCLC) updated the practice guidelines on 
clinical criteria for genetic testing (shown in Table 1) [18]. 
Each subgroup is assigned a different risk of GC, and 
therefore a different therapeutic approach and surveil-
lance.

Patients and families with HDGC-CDH1 should un-
dergo prophylactic total gastrectomy after excluding 
more advanced lesions on endoscopy at the time of diag-
nosis. In those who have decided to undergo endoscopic 
surveillance and in hereditary lobular breast cancer, EGD 
must be performed annually according to the Cambridge 
protocol.

In patients with CTNNA1 variants, CDH1 variants of 
uncertain significance, or HDGC-like, EGD should be 
performed annually in the first 2 years and then the inter-
val may increase according to the features. In first-degree 
relatives, surveillance should be started at 40 years of age 
or 10 years before the youngest case.

Familial Intestinal Gastric Cancer
FIGC is an autosomal dominant syndrome [37], which 

remains genetically unexplained but is postulated to be a 
polygenic syndrome [38]. Diagnosis is clinical and based 
on GC incidence [38]. In high-incidence countries, the 
diagnosis respects the Amsterdam criteria, similar to 
Lynch syndrome, and in low to intermediate-incidence 
countries the criteria are intestinal GC in two or more 
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first-degree relatives; intestinal GC in second-degree rel-
atives, one diagnosed at age <50 years; and intestinal GC 
in three or more relatives at any age (shown in Table 1). 
There are only a few general recommendations such as 
starting surveillance at 40 years of age or 5 years before 
the youngest case, H. pylori test-and-treat [39] and every 
5 years thereafter [40].

Family History without Heritable Cancer Criteria

So far, recommendations for screening and surveil-
lance of patients with clinical and/or genetic criteria for 
hereditary syndromes associated with GC have been de-
scribed. However, with the increase in the incidence of 
GC, there are more and more individuals with a family 
history of GC without hereditary criteria, that is, patients 
with only one relative with GC.

              Risk factors: 

● Autoimmune gastritis 
● First-degree rela�ves with GC 
● Incomplete intes�nal metaplasia 
● Persistent H pylori infec�on 

Risk factors 

● Autoimmune gastritis 
● First-degree rela�ves with GC 
● Mul�ple risk factors: ≥ 50 years, 

male, tobacco, obese 

EGD medical inves�ga�on 

● Dyspepsia 
● Pep�c ulcerous disease 
● … 

Gastri�s mapping 

High defini�on-chromoendoscopy (HD-CE) and guided biopsies OR 
at least 2 biopsies from the antrum and 2 from corpus, lesser and greater curvature (Sydney Protocol) 

H pylori test-and-treat 

Atrophy or Intes�nal Metaplasia (IM) Dysplasia or adenocarcinoma 

Mild to moderate atrophy 
 in antrum; no IM 

IM isolated in antrum OR 
body 

Extent Atrophy OR IM 

No surveillance 3-3 years 1-2 years 

 

No No Yes Yes 

Treat accordingly 

First-degree 
rela�ves with GC 

Fig. 4. Sporadic gastric cancer (GC) screening and management of precancerous conditions.
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Concerning this issue, there are no clear recommenda-
tions regarding GC screening in family relatives. What is 
known, as discussed below, is that the existence of a first-
degree relative with GC confers an increased risk of GC 
[5] and a higher prevalence of H. pylori infection, atro-
phy, and intestinal metaplasia [7]. On the contrary, the 
risk of GC in second-degree relatives is lower [6].

Despite low evidence, the British Society of Gastroen-
terology Guidelines suggests that endoscopic screening 
should be considered in individuals older than 50 years of 
age with a family history [41]. Additionally, in MAPS II, 
the existence of familial GC modifies the follow-up of 
precursor lesions [8].

Thus, there may be a proposal for EGD at age 50 years 
of age (or before if early-onset in a family relative) in in-
dividuals with GC in first-degree relatives (but not in sec-
ond-degree) to evaluate precursor conditions and/or H. 
pylori infection. If present, management according to 
MAPS II is recommended; if absent, no further screening 
is recommended [41].

Sporadic Cancer

As discussed above, the existence of hereditary syn-
dromes and familial risk is responsible for an elevated 
cancer risk compared to the general population and, 

therefore, an earlier screening and laborious surveillance 
is recommended. However, most cancers are sporadic, 
which increased difficulties in identifying high-risk pa-
tients who may benefit from a screening.

The major risk factor associated with sporadic GC is 
the existence of precancerous conditions (gastric atrophy 
and intestinal metaplasia), which are mainly caused by 
chronic H. pylori infection. The onset and management 
of precancerous conditions and their risk factors are elu-
cidated in MAPS II recommendations [8] and summa-
rized in Figure 4.

Other risk factors are autoimmune gastritis; a minor-
ity of sporadic gastric polyps; and sociodemographic risk 
factors. Autoimmune gastritis is a chronic disease with 
malignant potential for adenocarcinoma or neuroendo-
crine tumours (OR 2.18 and 11.4, respectively) [42]. A 
meta-analysis calculated a relative risk of GC of 6.8 and 
an annual incidence/person of 0.27% [43]. It is recom-
mended to perform an EGD at diagnosis and then every 
5 years for GC risk [8].

A minority of sporadic gastric polyps have a malignant 
potential (even being low) to cause gastric adenocarci-
noma. This includes fundic gland polyps, hyperplastic 
and adenomas; setting aside inflammatory fibroid polyps, 
which have no malignant potential [44], and sporadic 
hamartomas that are extremely rare to support data. The 
main cause and features of the different sporadic gastric 

Table 2. Sporadic gastric polyps’ characteristics associated to gastric adenocarcinoma and their management

Gastric polyp Main cause Typical characteristics High-risk 
characteristics

Gastric 
cancer risk

Management*

Fundic gland polyps +++ PPI 
[FAP see Table 2]

• Fundus and gastric body 
location
• Small size (<10 mm)
• Translucent and glossy 
appearance

• Dysplasia
• >10 mm size
• Antrum 
location
• Ulceration
• Unusual 
appearance

<1% • Remove when atypical 
characteristics
• Manage PPI reduction 
dose/suspension
• Reevaluation 12 months
• Surveillance according to 
MAPS II

Hyperplastic polyps Chronic gastritis: 
+++ H. pylori
Autoimmune gastritis 
[GAPPS see Table 2]

• Solitary
• Sessile or pedunculated 
with an eroded surface
• Antrum

• >10 mm
• Fundus and 
body

1.5–8% • Remove >5 mm
• Test-and-treat H. pylori
• Reevaluation 12 months
• Surveillance according to 
MAPS II#

Gastric adenomas
- Pyloric gland adenomas
- Foveolar adenomas
- Oxyntic gland adenomas

Atrophy and intestinal 
metaplasia 
[FAP see Table 2]

• Solitary
• Well delineated often 
eroded

• >20 mm
• Villous

34% • Remove
• Surveillance according to 
MAPS II#

* Biopsies in the surrounding area to evaluate background mucosa. # High risk of synchronous and/or metachronous lesions.
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polyps associated with gastric adenocarcinoma and their 
management are summarized in Table 2 [44–46]. In gen-
eral practice, biopsies should be performed according to 
the Sydney protocol to determinate surveillance (inde-
pendently of polyp histology) and in the surrounding 
area to detect precancerous conditions or adenocarcino-
ma [45].

Other risk factors associated with GC risk are age, gen-
der, ethnicity, smoking, and history of gastric surgery for 
benign disease. The risk of GC appears to be increased 
after 45 years of age [47, 48], in non-Caucasian individu-
als [49–51] and in individuals with previous gastric sur-
gery (more than 30 years ago) [52]. However, all of them 
can be related to H. pylori infection chronicity. Addition-
ally, men and current smokers are also at higher risk (1.3–
3 times and OR 1.45, respectively) [49, 53, 54]. Despite 
low evidence, endoscopic screening should be considered 
in individuals older than 50 years with multiple risk fac-
tors for gastric adenocarcinoma, especially in those with 
family history [41].

Conclusion

GC remains one of the most prevalent and deadly can-
cers worldwide, but its screening in the general popula-
tion is only effective in countries with high incidence. In 
countries with low to intermediate risk of gastric adeno-
carcinoma, screening is only cost-effective in high-risk 
populations. High-risk population includes sporadic pre-
cancerous conditions (intestinal metaplasia or atrophy) 
and several genetic syndromes with different risk to gas-
tric adenocarcinoma, being the highest risk attributable 
to GAAPS, HDGC, and FIGC.

The management of these patients is hampered by the 
overlap of genetic and environmental risk factors, which 
by working synergistically may increase the risk of gastric 
adenocarcinoma. To conclude, clinicians should recog-
nize high-risk patients, and although hereditary adeno-
carcinoma is rare, that possibility must be considered and 
the diagnostic criteria applied. However, the lifetime risk 
of gastric adenocarcinoma differs, and so screening and 
surveillance protocols may be adapted to local condi-
tions.

Key Points

•	 Importance of a complete personal and family history 
of gastric (and extra-gastric) cancer.

•	 Awareness of heritable syndromes with GC risk.
•	 All individuals with precancerous conditions and/or 

heritable syndromes should be tested-and-treated to 
H. pylori, especially in high prevalence countries.

•	 Interaction between environmental factors and heri-
table syndromes, especially H. pylori infection.

•	 Importance of family history (and others risk factors) 
in management of precancerous conditions.
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