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Abstract
Gastric cancer remains one of the most lethal cancers. The incidence and
mortality rates are quite similar. The main reason for the high mortality is
diagnosis at advanced stages of disease, when treatment options are poor. One of
the supposed strategies to overcome late-stage diagnosis is identifying people at
high risk with the aim of establishing rigorous clinical control, including routine
endoscopy and biopsies. Hereditary gastric cancer (HGC) syndromes, though
representing a sizeable group to monitor for prevention or, at least, for early
diagnosis, are apparently extremely rare. The low rate of HGC diagnosis might
be related to the low rates of suspicion, insufficient familiarity about clinical
diagnosis criteria, and the supposed conditional necessity of a molecular
diagnosis. In this review, we will discuss simple measures to increase HGC
diagnosis by applying three rules that might provide an opportunity for precision
care to benefit the families affected by this disease.
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Core tip: Although familial gastric cancer cases represent a potential source for the
discovery of early-stage gastric cancer (and others) among patients’ relatives, this
possibility has been little explored due to the low rate of suspicion of hereditary gastric
cancer syndromes, which could be improved by applying simple rules for hereditary
gastric cancer screening that are accessible for unskilled healthcare professionals.
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GASTRIC ADENOCARCINOMA CAUSES AND PREVENTION
The main recognized causes of gastric adenocarcinoma are environmental, hereditary,
and replicative  DNA errors[1-4].  Measures  to  avoid environmental  exposition are
widely discussed, mainly Helicobacter pylori (H. pylori) prevention and treatment and
changes in alimentary habits[5]. For replicative causes, there are no currently available
alternatives for risk reduction[6,7].

Hereditary cancers, although representing a potential group for prevention and
early diagnosis, seem to be disregarded, or even neglected, since their incidence is
very uncommon, causing preventive measures to have low impact on gastric cancer
burden and mortality.

THE HEREDITARY GASTRIC CANCER SYNDROMES
The incidence of hereditary gastric cancer (HGC) is approximately 1%, and a degree
of genetic influence seems to be present in over 10% of sporadic gastric cancer (GC)
cases[8].

The discrepancy in HGC incidence might be explained by two different concepts:
Molecular  diagnosis;  and  diagnosis  based  on  meeting  clinical  statements  for
hereditary cancers without a molecular diagnosis; patients diagnosed via the former
also represent HGC cases[9,10].

Since molecular diagnosis is tricky and not widely available, a focus on the clinical
criteria for hereditary gastric cancer cases should increase the number of recognized
cases and allow an intensive search for early diagnosis,  as well  as select a larger
number of cases for practicing molecular investigations in reference centers.

There are three robustly identified HGC syndromes: Hereditary diffuse gastric
cancer (HDGC); gastric adenocarcinoma and proximal polyposis of stomach (GAPPS);
and familial intestinal gastric cancer (FIGC). Additionally, GC may arise from other
hereditary  cancer  syndromes,  such as  Lynch syndrome,  Li-Fraumeni  syndrome,
Peutz-Jeghers syndrome, and ovarian and breast syndromes, among others[10-12].

The clinical criteria for each of these syndromes are not widely known, and as a
consequence, the low rate of suspicion results in rare investigations and diagnoses of
such syndromes.

Estimating the number of missed clinically diagnosable cases of HGC is extremely
difficult. Nevertheless, missed diagnoses might represent a significant number of
families that could benefit from such active searching and subsequent adoption of
measures to allow for early diagnosis and efficient treatments.

SIMPLE MEASURES TO INCREASE HEREDITARY GC
DIAGNOSIS
Available initiatives to avoid sporadic GC are usually hard to implement since they
include convincing the population to change alimentary habits, improving sanitary
conditions in developing nations, and using large-scale antibiotics to treat H. pylori[6,7].

For HGC diagnosis, simple measures should be attempted as a first step to increase
health professional suspicion and favor clinical diagnosis.

Three simple rules, accessible to every health-care professional, could improve the
clinical diagnosis of HGC and allow referencing of such cases to specialized centers,
either for patients to receive support at local units or, eventually, for patients to be
transferred to those centers to benefit from complex measures.

Observation of the three rules might greatly increase the number of diagnosed
cases of HGC, providing an opportunity for precision care to benefit these families.

The suggested rules are the age and number rule, the multiple tumor rule, and the
polyposis rule.
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THE AGE AND NUMBER RULE
This is the number one rule and allows capture of the great majority of HGC cases
(probably more than 95% of cases). Since age of occurrence and number of affected
relatives are part of the clinical criteria for almost every hereditary GC syndrome, a
simple check of the patient’s age and the occurrence of other cases among first- or
second-degree relatives is sufficient to screen patients for a possible diagnosis of
hereditary cancer[10,13,14] (Figure 1).

Patient age under 50, or the occurrence of at least one case of GC in relatives are
enough to require further screening for hereditary GC syndromes and to implement
protocols for family investigation and surveillance[15].

These can be done primarily at the site of the first consultation, but specialized
remote support can be beneficial either for conducting the necessary investigation and
procedures using local resources or for referring the case to a dedicated unit for ideal
management.

THE MULTIPLE TUMOR RULE
The occurrence of additional cancers, both multiple GCs or cancers at other sites, such
as breast, colon and others, might represent a potential for hereditary cancers[10,11]

(Figure 2).
As discussed above, local and reference center investigations and management,

according to available resources, are formally recommended.

THE POLYPOSIS RULE
Although it is very rare, GC-associated polyposis is another sign of hereditary cancers
even if they are not caught by the two previous rules. Both HGC syndromes and other
hereditary cancer syndromes may cause GC and stomach polyposis[10,11,13] (Figure 3).

Again, according to the availability of resources, those cases might be managed
locally or referred to another center.

THE IMPACT OF THE THREE RULES IN CLINICAL PRACTICE
There  are  several  criteria  defining  both  HGC  syndromes  and  other  hereditary
syndromes that might imply GC occurrence.

Considering only the three well-established HGC syndromes, at least 16 rules are
currently  published.  Additionally,  many  of  these  rules  are  frequently  updated,
leading to a very complex net of possibilities to diagnose an HGC that, even for a
specialist, let  alone a generalist health worker, are very hard to remember[8,10,11,14].

An attempt to simplify these many criteria resulted in a three-rule method for the
triage of patients for possible HGC formal diagnosis. None of the official criteria for
diagnosis were questioned or modified. The aim of this simple method is to help
clinicians and other health-care members remain alert for these possible diagnoses.

To  demonstrate  the  simplicity  and  potential  benefits  of  increasing  HGC
identification by applying the three rules strategy, some practical possibilities will be
discussed.

All the criteria defined in recent meetings and conferences[8,13] are covered by the
three  rules,  which  can  be  used  by  any  health-care  professional,  including
nonspecialized ones, contributing to the avoidance of missed diagnoses (Figure 4).

THE POTENTIAL OF THE AGE AND NUMBER RULE IN
CLINICAL PRACTICE
Just by applying this rule,  a great number of cases can be selected for a possible
diagnosis of HGC. The following examples present the minimal requirements that can
favor the discovery of  new HGC cases and imply important  investigational  and
therapeutic procedures that might change the outlooks for patients and their relatives.

The 1 + 1 law
A case of diffuse-type GC in a patient under 50 years old and a case of GC among
first- or second-degree relatives, regardless of the type of adenocarcinoma, are enough
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Figure 1

Figure 1  Diagnosis criteria for hereditary gastric cancer caught by rule number 1. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

to establish a formal diagnosis of HGC, and this is very important, since it implies the
potential for a molecular test (CDH1 mutation).

If  positive,  prophylactic  total  gastrectomy for  the  affected  relatives  might  be
necessary. Even with a negative genetic test, every first- and second-degree relative
will need a dedicated endoscopy every year beginning at 20 years old. The standard
number of first- and second-degree relatives older than 19 is over 20 individuals, and
these are the people at high risk; in these individuals, rigorous surveillance may result
in avoidance of late GC diagnosis and might change outcomes.

The 1 + 0 law
This not so alarming situation indeed also represents a formal diagnosis of HGC in
the  case  of  patients  under  40  years  old  with  diffuse  GC.  The  same  procedures
described  above  are  needed,  including  molecular  investigation,  possibility  of
prophylactic total gastrectomy, and engagement of the relatives in a rigorous program
of follow-up beginning at 20 years old.

The 0 + 2 law
Regardless of the age of occurrence, if a patient has diffuse GC, independently of the
relative gastric adenocarcinoma type, a formal diagnosis of HGC is again reached,
with the same needs and consequences described above.

This situation also results in a formal diagnosis of HGC in cases of the intestinal
type according to the familial intestinal gastric cancer syndrome criteria for low-risk
areas. For this syndrome, there is no molecular test, and the recommendation includes
annual  endoscopies  for  first-  and second-degree  relatives  beginning at  40  years
old[9,11,16].

The 0 + 3 law
Regardless of age or histological type of gastric adenocarcinoma, three or more cases
of GC among first-  or second-degree relatives always signify an HGC syndrome
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Figure 2

Figure 2  Diagnosis criteria for hereditary gastric cancer caught by rule number 2. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

diagnosis, even in high-incidence areas. If every case is of the intestinal type, FIGC
syndrome guidelines require annual endoscopies beginning at 40 years old for first-
and second-degree relatives[9,11].

When at least one diffuse GC case is present, a molecular test is necessary, and
according  to  this  result,  total  prophylactic  gastrectomy  or  dedicated  annual
endoscopies starting at 20 years old will be necessary[9,11,16].

Figure 5 presents some of the possibilities for identifying hereditary diffuse tumors
via the application of rule number 1.

The management of hereditary diffuse gastric cancer syndrome is presented in
Figure 6. With a clinical diagnosis of HDGC, there is a formal indication for genetic
investigation by sequencing of the CDH1 gene. If a functional mutation is discovered,
every first- and second-degree relative will be investigated for that specific mutation
by  a  much  simpler  and  cheaper  test,  with  no  need  for  complete  CDH1  gene
sequencing[11,17].

Everyone  who  carries  the  functional  mutation  needs  to  be  evaluated  by  a
multiprofessional team including a cancer geneticist and accordingly may undergo a
prophylactic total gastrectomy. In the case of a negative genetic test, or if the carrier of
the  mutation  does  not  agree  to  undergo  total  gastrectomy,  annual  dedicated
endoscopies are indicated, including multiple insufflation and deflation schemes and
both random and directed biopsies carried out by a senior endoscopist[16,17].

Regarding intestinal-type gastric cancers, rule number 1 will not result in a genetic
test, but the patient’s relatives identified by this rule will be included in a formal
program of annual endoscopies beginning at 40 years old (Figure 7)[9,11,16].

POSSIBLE CONSEQUENCES OF THE POLYPOSIS RULE
Although extremely rare, the association of gastric polyposis and GC is a sign of
HGC. GAPPS is very rare, with few affected families described. The main difference

WJG https://www.wjgnet.com April 7, 2020 Volume 26 Issue 13

Assumpção P et al. Three rules to diagnose hereditary gastric cancer

1386



Figure 3

Figure 3  Diagnosis criteria for hereditary gastric cancer caught by rule number 3. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

from  other  polyposis  syndromes  is  the  exclusive  gastric  involvement  and  the
restricted localization of  the polyps to the corpus and fundus.  This  syndrome is
attributed to a mutation in the promoter region of the APC gene, the gene classically
related to familial adenomatosis polyposis, which is characterized by colon polyposis
and also carries a risk for associated GC[18-20].

In addition to FAP, juvenile polyposis and Peutz-Jeghers syndrome can also cause
stomach polyposis and GC[11,21].

In the case of GC and polyposis, a specialized investigation is necessary, and the
management will depend on the type of hereditary syndrome, potentially including
investigational ant therapeutic procedures in other organs, such as the colon and
rectum[11,21].

POSSIBILITIES OF THE MULTIPLE TUMOR RULE
The presence of  multiple tumors,  both those restricted to the stomach and other
primary tumors affecting distant sites, should alert suspicion for HGC. Although
second primary cancers can occur regardless of a hereditary cause, this rule should
always be applied to allow rare hereditary cancer discovery[11,22].

GASTRIC + GASTRIC
A patient with two or more synchronic GC tumors may be affected by HGC. Multiple
diffuse GCs are frequently found in diffuse hereditary gastric cancer syndrome. Even
if not caught by rule number 1, a patient with diffuse tumors of signet ring cells,
although not fulfilling the formal clinical criteria for this syndrome, must undergo a
CDH1  molecular  investigation[11,22,23].  The  recommendations  for  management
according to the molecular diagnosis must be followed as described above.
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Figure 4

Figure 4  The three-rules strategy, comprising every current clinical criterion. GC: Gastric cancer; FIGC: Familial intestinal gastric cancer; GAPPS: Gastric
adenocarcinoma and proximal polyposis of stomach; HDGC: Hereditary diffuse gastric cancer.

Gastric stump cancers following gastrectomy due to GC are usually related to
environmental causes, such as Epstein-Barr virus infection and alkaline reflux[24,25].
Additionally,  the cancer field effect  plays a  role  in this  situation,  since previous
exposure to carcinogenic insults might have caused previous driver mutations in the
remaining mucosa, which favor posterior development of a second primary tumor.
Nevertheless, diffuse histology enhances suspiciousness for HGC[26-28].

GASTRIC + BREAST
The association of diffuse gastric cancer and lobular breast cancer is enough to secure
an  HDGC  clinical  diagnosis  and  requires  molecular  CDH1  investigation  and
additional investigational and therapeutic measures, as discussed. In addition to the
already cited procedures, possible prophylactic bilateral mastectomy, according to
genetic counsel, and mandatory annual breast MRIs are also recommended[17,27,29].

Typical breast cancer syndromes, in addition to bringing a high risk for breast and
ovarian  cancer,  also  carry  GC  risk,  and  those  associations  require  specialized
management[17,30].

GASTRIC + COLON
Many  studies  have  suggested  that  HDGC  may  be  associated  with  colorectal
carcinoma (CRC) because this  type of  cancer  has  been observed in some HDGC
families[31-36]. However, despite studies demonstrating the correlation between CRC
and the CDH1 mutation, there is insufficient evidence to propose that the risk of CRC
in  CDH1  mutation  carriers  is  significantly  elevated,  and  there  are  no
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Figure 5

Figure 5  How to diagnose and manage hereditary diffuse gastric cancer by applying rule number 1. The first
numbers in white squares refer to early-onset (under 50 years old) cases, and the second numbers refer to the
quantity of affected relatives. GC: Gastric cancer; HGC: Hereditary gastric cancer.

recommendations in current clinical practice for CRC screening in CDH1 mutation
carriers[8,37].

RARE TUMORS
Although patients with rare tumors do not frequently harbor concomitant HGC, this
suspicion should be maintained. Rare tumors usually result from hereditary cancer
syndromes; thus, specialized care might be required.

ADDITIONAL BENEFITS OF THE AGE AND NUMBER RULE
BEYOND HGC
Application  of  rule  number  1  may bring  additional  benefits,  favoring  the  early
diagnosis of nonhereditary GCs.

Regarding environmentally caused GC, the environmental cancer-related factors
that usually cause sporadic GC are also present in some of the patients’ relatives, such
as H. pylori and alimentary habits[2,6,7]. Since the majority of people exposed to such
carcinogens will  never develop GC, the affected minority might have a peculiar
genetic background, such as specific gene polymorphisms. These polymorphisms are
not enough to cause cancer, but in cases of exposure to environmental carcinogens,
they  favor  cancer  development[38,39].  The  genetic  background  necessary  for  the
occurrence of sporadic environmental GC includes germline traits shared by most of
the patient’s relatives. Therefore, investigating the relatives of GC patients caught by
rule number 1, even if they do not reach a formal diagnosis of HGC, might result in
finding additional sporadic cases or in subsequent fulfillment of the criteria for HGC.

The replicative cause of GC is due to random errors during the replication of stem
cell DNA. Since these replicative errors might be more common in cases with an
accumulation of DNA polymorphisms in replicative genes, as well as in DNA repair
genes, these DNA polymorphisms might result in a major chance for “random” DNA
replication errors to affect driver mutations in stem cells[40].

Accordingly, relatives sharing these genetic backgrounds might be identified by
rule number 1.

To provide wide access to the benefits of the three rules, a mobile app is under
development and will be available shortly free of charge.
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Figure 6

Figure 6  Clinical management of hereditary diffuse gastric cancer syndrome.

CONCLUSION
Although there is potential for discovering GC at early stages among relatives of
patients affected by HGC, this possibility is mostly underexplored due to the low
suspicion  of  HGC syndromes.  A  significant  increase  in  HGC diagnosis  may  be
achieved by applying simple rules for HGC diagnosis triage that are accessible to
nonspecialized health-care professionals both in nations with high and low incidence
of gastric cancer.
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Figure 7

Figure 7  How to diagnose and manage familial intestinal gastric cancer by applying rule number 1. GC: Gastric cancer; HGC: Hereditary gastric cancer.
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