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Abstract 

Background: Pathogenic variants in germline cancer susceptibility genes can increase 

the risk of a large number of diseases. Our study aims to assess the disease spectrum of 

gastric cancer susceptibility genes and to develop a comprehensive resource of gene-

disease associations for clinicians. 

Methods: Twenty-seven potential germline gastric cancer susceptibility genes were 

identified from three review articles and from six commonly used genetic information 

resources. The diseases associated with each gene were evaluated via a semi-structured 

review of six genetic resources and an additional literature review using a natural 

language processing (NLP)-based procedure. 

Results: Out of 27 candidate genes, 13 were identified as gastric cancer susceptibility 

genes (APC, ATM, BMPR1A, CDH1, CHEK2, EPCAM, MLH1, MSH2, MSH6, MUTYH-

Biallelic, PALB2, SMAD4, and STK11). A total of 145 gene-disease associations (with 45 

unique diseases) were found to be associated with these 13 genes. Other gastrointestinal 

cancers were prominent among identified associations, with 11 of 13 gastric cancer 

susceptibility genes also associated with colorectal cancer, eight genes associated with 

pancreatic cancer, and seven genes associated with small intestine cancer.   

Conclusion: Gastric cancer susceptibility genes are frequently associated with other 

diseases as well as gastric cancer, with potential implications for how carriers of these 

genes are screened and managed. Unfortunately, commonly used genetic resources 

provide heterogeneous information with regard to these genes and their associated 

diseases, highlighting the importance of developing guides for clinicians that integrate 

data across available resources and the medical literature.   

 

Keyword: Gastric cancer; Cancer susceptibility gene; Disease spectrum; Germline; 

Cancer prevention.   
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Introduction 

Gastric cancer is a leading cause of cancer death, with over 1,000,000 new cases 

diagnosed worldwide per year (27,600 predicted cases in the United States in 2020) and 

over 780,000 deaths (11,010 in the United States) [1-3]. The importance of early 

diagnosis of gastric cancer is critical, as it is surgically curable if diagnosed early. 

Unfortunately, many gastric cancers are diagnosed at a later stage, and fewer than a third 

of patients with gastric cancer survive longer than five years [4].  

 

At least some cases of gastric cancer are known to have a hereditary component. 

Approximately 10% of gastric cancers demonstrate aggregation within families, with an 

overall 1-3% thought to be truly hereditary [5]. For example, hereditary diffuse gastric 

cancer (HDGC) is an autosomal dominant gastric cancer syndrome primarily caused by 

pathogenic germline variants of the E-cadherin gene (CDH1). Current guidelines 

recommend individuals with CDH1 pathogenic variants be evaluated for early 

prophylactic total gastrectomy to reduce gastric cancer risk [6, 7]. Additionally, individuals 

with pathogenic variants in BMPR1A and SMAD4 [8-11], or those with Lynch syndrome 

[12-15] or Peutz-Jeghers syndrome [16, 17], are all considered to have an increased risk 

of gastric cancer. 

  

While knowledge of a patient's genetic cancer risk affects screening and management for 

gastric cancer and can be a powerful tool in preventing gastric cancer death, there is 

increasing complexity in the genetics landscape. Clinicians may be faced with the task of 

interpreting genetic testing results of genes with which they have limited or no familiarity. 
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Even if a physician or provider is familiar with the increased risk of one particular type of 

cancer, they may not be fluent in the concomitant risk of other types of cancers resulting 

from the same pathogenic variant outside their specialty. For example, women with a 

CDH1 pathogenic variant also have an increased risk of lobular breast cancer in addition 

to their increased risk of gastric cancer [18]. A number of resources exist to assist 

clinicians with patient counseling, surveillance, and medical management of patients with 

abnormal genetic test results, such as Clinical Genome Resource (ClinGen), the National 

Comprehensive Cancer Network (NCCN) [19-21], the Genetics Home Reference (now 

called MedlinePlus Genetics), Online Mendelian Inheritance in Man (OMIM), GeneCards, 

and Gene-NCBI [22-25]. Yet even when a physician/provider seeks out information 

regarding the meaning of a genetic test, there are inconsistencies between these sources 

regarding the clinical significance of genetic variants. The purpose of the current study is 

to review common clinical resources for germline genetic gastric cancer risk, to curate a 

list of genes identified to be associated with an increased risk of gastric cancer and to 

summarize the spectrum of diseases thought to be associated with these genes.  
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Methods 

The methods used to curate genes with a possible association with gastric cancer are 

similar to those used by Wang et al. [26] and are summarized in Figure 1. Briefly, a team 

consisting of three surgeons and four research fellows convened to review gene-disease 

associations for gastric cancer via a semi-structured process. First, potential gastric 

cancer susceptibility genes were curated. Then, these genes were scrutinized to identify 

associations with gastric cancer.  Finally, those found to be associated with gastric cancer 

were studied to find what other diseases were associated with these genes. This process 

occurred from June 2019 to November 2020. 

 

Identifying possible gastric cancer susceptibility genes 

Genes with possible gastric cancer association were identified from three recently 

published review articles (Identified by a PubMed search, not limited by year, using 

"gastric cancer," "stomach cancer," "genetic," and "mutation" as keywords) [27-29]. 

Twenty-seven genes (APC, ATM, BMPR1A, BRCA1, BRCA2, CDH1, CHEK2, PALB2, 

CTNNA1, DOT1L, EPCAM, FBXO24, INSR, MAP3K6, MLH1, MSH2, MSH6, MSR1, 

MUTYH-Biallelic, MUTYH-Monoallelic, PMS2, PRSS1, PTEN, RAD51C, SMAD4, STK11, 

and TP53) were identified as having any potential for a gastric cancer association. 

 

Verifying gene-gastric cancer associations based on six genetic resources and NLP 

The associations between these genes and gastric cancer were then confirmed using all 

six genetic information resources that clinicians commonly refer to in understanding 

cancer risk for patients with particular genetic variants (ClinGen, NCCN, OMIM, Genetics 
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Home Reference, GeneCards, and Gene-NCBI) [19-25] as well as a natural language 

processing (NLP)-based literature review procedure [30, 31].  

 

By resource, each gene was coded as being definitively associated with gastric cancer, 

possibly associated with gastric cancer, not associated with gastric cancer, or not 

mentioned. Because multiple resources were reviewed, each gene could have up to six 

gene-disease association codes. First, genes were reviewed with regard to their codes 

as generated by NCCN and ClinGen. As ClinGen is a database curated by genetic 

experts via a standardized framework, and NCCN uses the consensus of an expert panel 

in assessing genes, these two sources were considered as being as close to authoritative 

as available. If the association was verified by either source, it was considered accurate 

and was given a summary code of 'identified'. Genes specifically identified by ClinGen as 

not being associated with gastric cancer were given a summary code of ‘no association' 

with gastric cancer (NCCN does not explicitly state non-associations). Genes that were 

not confirmed or denied by ClinGen and/or NCCN but were identified as being definitively 

associated with gastric cancer in at least three of the remaining four resources, were also 

given a summary code of 'identified'. The remaining genes, including those with a 

discrepancy between NCCN and ClinGen or with fewer than three positive associations 

of the remaining four resources, were given an interim code of 'uncertain' and underwent 

additional scrutiny before the group made a final determination of the gene-disease 

association. Specifically, a formal literature review was completed using a semi-

automated NLP-based procedure that searches and summarizes germline penetrance 

papers from PubMed. The sensitivity (99%) of this procedure in identifying cancer 
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penetrance studies and the workload reduction compared with the manual approach 

(84% reduction) have been validated [31]. Using standardized gene and disease search 

terms (Supplement 1), we ran a search query for each uncertain gene and identified 

gastric cancer-related penetrance studies. These papers were then reviewed. To 

establish a given gene's association with gastric cancer, we evaluated high-quality 

penetrance studies, which were selected based on their study design, patient population, 

number of pathogenic variant carriers, and ascertainment mechanism. If at least one high-

quality penetrance study reported at least two-fold statistically significant increased risk, 

we considered a gene-cancer association as 'identified' [26]. Our database ultimately 

curated whether a gene was identified by each of the six resources plus the literature as 

having an association with gastric cancer. 

 

Verifying the disease spectrum of gastric cancer susceptibility genes 

Finally, using the same process described thoroughly in Wang et al. [26], the six 

resources were again reviewed for associations of other non-gastric cancer diseases with 

the list of gastric cancer susceptibility genes. To ensure the accuracy of the database two 

independent researchers reviewed each gene in all six resources for association with 

other diseases in a similar manner as described above. Any discrepancies between 

researchers were resolved through discussion at an in-person meeting until consensus 

was reached. The group consensus process was then repeated to review all gene-

disease associations. Each association was then assigned a summary consensus code 

("identified," "uncertain," or "no association") with regard to its association with a particular 

disease. 
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Results 

Gastric cancer susceptibility genes 

After reviewing the six genetic resources and three recent review articles, a total of 27 

possible gastric cancer susceptibility genes were curated (Table 1). Of these 27 genes, 

13 genes were identified to be associated with gastric cancer (APC, ATM, BMPR1A, 

CDH1, CHEK2, EPCAM, MLH1, MSH2, MSH6, MUTYH-Biallelic, PALB2, SMAD4, and 

STK11). The remaining 14 genes were determined to have an uncertain association with 

gastric cancer.  

 

Only CDH1 was identified by all reviewed sources as being associated with gastric cancer 

(ClinGen, NCCN, OMIM, Genetics Home Reference, GeneCards, and Gene-NCBI). APC 

was identified by five of six resources (ClinGen, NCCN, OMIM, GeneCards, and Gene-

NCBI), and MLH1 and MSH2 were identified as having a gastric cancer association by 

four of six resources (ClinGen, NCCN, Genetics Home Reference, and Gene-NCBI). The 

remainder of the verified gastric cancer association genes were identified by three or 

fewer resources. Nine of the 13 identified gastric cancer association genes were identified 

by both ClinGen and NCCN (APC, BMPR1A, CDH1, EPCAM, MLH1, MSH2, MSH6, 

SMAD4, and STK11), one of the genes was identified by ClinGen but not NCCN (MUTYH-

Biallelic), and one was identified by NCCN but not ClinGen (PALB2). Two of the identified 

genes were identified by neither ClinGen nor NCCN (ATM and CHEK2). 

 

Disease spectrum of gastric cancer susceptibility genes 
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There were 190 potential gene-disease associations among the 13 identified gastric 

cancer susceptibility genes (Supplement 2). Including the 13 gene-gastric cancer 

associations, our group verified 145 gene-disease associations (with 45 unique diseases) 

(Table 2): 124 (85.5%) were noted by ClinGen and/or NCCN, and the other 21 were 

absent from both ClinGen and NCCN. 

 

Among the 124 gene-disease associations that were noted by ClinGen and/or NCCN, 74 

were identified by both ClinGen and NCCN, and the other 48 gene-disease associations 

were identified by either ClinGen or NCCN, but not both.  

 

Among the 21 gene-disease associations that were absent from both ClinGen and NCCN, 

six were not identified by any of the six genetic resources but verified through NLP 

literature review alone (CHEK2-Thyroid cancer, Gastric cancer, Kidney cancer, and 

MLH1/MSH2/MSH6-Adrenocortical carcinoma). Among the remaining 15 gene-disease 

associations, four were verified through identification by three or more genetics resources 

(OMIM, Genetics Home Reference, GeneCards, and Gene-NCBI); the other 11 gene-

disease associations were identified by one or two genetic resources but verified by NLP 

literature review. 

 

Other gastrointestinal cancers associated with gastric cancer susceptibility genes 

In addition to gastric cancer, other gastrointestinal cancers prominently associated with 

these 13 gastric cancer susceptibility genes were colorectal cancer, pancreatic cancer, 

and small intestine cancer. Eleven out of 13 gastric cancer susceptibility genes were 
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associated with colorectal cancer (APC, ATM, BMPR1A, CHEK2, EPCAM, MLH1, MSH2, 

MSH6, MUTYH-Biallelic, SMAD4, and STK11), eight genes were associated with 

pancreatic cancer (APC, ATM, BMPR1A, EPCAM, MLH1, PALB2, SMAD4, and STK11), 

and seven genes were associated with small intestine cancer (APC, BMPR1A, EPCAM, 

MLH1, MSH2, SMAD4, and STK11).  

 

Several gastric cancer association genes are notable for being part of specific syndromes, 

such as APC for Familial Adenomatous Polyposis, STK11 for Peutz-Jeghers, and multiple 

genes for Lynch syndrome (MLH1, MSH2, MSH6, and EPCAM). Of note, PMS2, another 

Lynch gene, was not judged to be definitively associated with gastric cancer.   
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Discussion 

Cancer prevention, screening, and early diagnosis are critical for improving gastric cancer 

prognosis, as most affected patients are diagnosed at a late stage. With the dramatic 

drop in DNA sequencing cost, cancer gene panel testing has become widely available 

and easy to access. Although different genes have different penetrance (i.e., the 

magnitude of cancer risk), knowing the gastric cancer susceptibility genes and their 

associated disease spectrum can still assist physicians in accurately identifying the high-

risk patients and providing them with personalized prevention and treatment strategies, 

such as more frequent surveillance and screening for other cancers. This study used a 

semi-structured review process to assess the gene-gastric cancer association for 27 

potential gastric cancer susceptibility genes and identified this association for 13 of these 

genes. The same process was used to identify the associated disease spectrum 

consisting of 145 gene-disease associations (with 45 unique diseases). 

  

Heterogeneity of commonly used genetic resources 

One of the main findings of this work was confirmation of the significant heterogeneity of 

information that exists among six commonly used genetic resources, as previously noted 

by Wang et al. [26]. Only CDH1 was recognized by all six sources as a gastric cancer 

susceptibility gene. For every other gene, a clinician could potentially fail to recognize an 

increased gastric cancer risk for a given patient, depending on which genetic resource 

was consulted. For example, SMAD4 is identified as a gastric cancer association gene 

by both ClinGen and NCCN but not by OMIM, GeneCards, or Gene-NCBI, and PALB2 

was recognized only by NCCN and not by any of the other resources. Index of suspicion 
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may change how a provider interprets a patient's symptoms in the context of a known 

pathogenic variant, perhaps changing their threshold for referral for upper endoscopy for 

gastric cancer screening or risk-reducing gastrectomy. Delay in diagnosis or prevention 

may be devastating, as early gastric cancer is associated with significantly better survival 

[32]. Knowledge of the spectrum of diseases is also important as clinicians consider 

screening for non-gastric cancers in patients with known gastric cancer risk.  

 

In the current work, the verification of the gene-disease associations was based almost 

entirely on examining the six genetics resources (Supplemented by NLP). It should be 

noted that these six genetic resources have variable updating frequencies: ClinGen and 

OMIM are updated regularly; Most NCCN guidelines are updated annually through an 

annual review process, while GHR, Gene cards, and Gene-NCBI are updated on an 

ongoing basis with each page updated separately. Of note, as of October 1, 2020, 

Genetics Home References ceased to exist as a stand-alone website, and most of its 

contents were transferred to MedlinePlus Genetics [33]. This variability in publication and 

review process among these six resources could be a reason behind the heterogenicity 

of the information available in each resource 

 

As the standardized curation approach used by ClinGen is time-consuming and may lead 

to delay in reflecting the most recent findings and constantly changing evidence, and the 

gene-cancer associations listed on the NCCN guidelines may not be comprehensive, 

there is a significant need for a single resource that collects available information across 

multiple genetic resources as well as the medical literature. This reduces the chance that 



Author a
cc

ep
ted

 m
an

usc
rip

t

AUTHOR ACCEPTED MANUSCRIPT

© 2021 Springer Science+Business Media, LLC, part of Springer Nature.

 13 

a clinician may remain unaware of the potential consequences of a particular pathogenic 

variant in a relevant gene. This is especially important in the context of the increasing use 

of multi-gene panels, as clinicians may be faced with the task of interpreting genetic 

results for larger numbers of genes with which they may be unfamiliar [34].  

 

  

Utility of NLP to assist in the literature review 

Interestingly, several gene-disease associations were not identified in any of the six 

genetic resources but were identified by the NLP literature review. Given the exponential 

growth in medical literature, clinicians and researchers take more time and effort to extract 

relevant information. Developing semi-automated ways to search and parse the literature 

would allow individuals to more comprehensively identify and review useful information in 

less time. NLP is a subset of artificial intelligence (AI) that uses computational methods 

to extract meaning from natural human language. Given that scientific manuscripts often 

contain relevant information in narrative prose, NLP offers a promising way to review large 

numbers of scientific studies for relevance and glean critical data from those papers [35]. 

Our group has previously demonstrated the possibility of building an NLP-based medical 

abstract classifier to identify penetrance papers for gene-cancer associations [30, 31]. 

These NLP-based computational methods have permitted building an online risk 

calculator for cancer susceptibility genes called the All Syndromes Known to Man 

EvaluatorTM (ASK2METM), which has been recommended as a resource in recent clinical 

practice guidelines [36, 37].  

  



Author a
cc

ep
ted

 m
an

usc
rip

t

AUTHOR ACCEPTED MANUSCRIPT

© 2021 Springer Science+Business Media, LLC, part of Springer Nature.

 14 

Although the association between CHEK2 and gastric cancer was not noted in any of 

these six genetic resources, we determined that CHEK2 was associated with gastric 

cancer, kidney cancer, and thyroid cancer through the NLP-assisted literature review. Our 

NLP procedure identified a Polish, early-onset familial gastric cancer study that identified 

an association with CHEK2 (OR = 2.1, p=0.01) [38]. This association was further 

characterized by a Danish population-based study in which the age- and sex-adjusted 

hazard ratio for gastric cancer in CHEK2/1100delC heterozygotes compared with 

noncarriers was 5.76 [39]. Within the same study, an association between CHEK2 and 

kidney cancer was found (HR = 3.61) [39]. An association between CHEK2 and thyroid 

cancer was also determined through an NLP-assisted literature review [40, 41]. The 

example of CHEK2 and its associations with a number of cancers illustrates the benefit 

of using NLP for literature review, as relevant papers may be identified long before the 

primary literature is incorporated into intermittently curated genetic resources or 

guidelines. 

 

Limitations 

The conclusions regarding identified and uncertain gene-disease associations are only 

as reliable as the data sources and the procedures used to adjudicate conflicting gene-

disease associations. With regard to data sources, we in large part relied on the curation 

processes of the six genetic resources to identify an association between a particular 

gene and a disease. Therefore, any limitation of each resource's curation process will 

affect the reliability of our results. We tried to mitigate this weakness by a consensus 

review of all six genetic resources plus an NLP-aided literature review. Additionally, all 
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these genetic resources are updated periodically, and it is possible that future research 

efforts will clarify gastric cancer susceptibility genes and disease associations that we 

concluded were uncertain. Therefore, this study represents a snapshot of current 

knowledge and understanding of gastric cancer susceptibility genes, rather than a 

definitive conclusion. 

  

This second data limitation underscores the importance of having a continually updated 

database of gene-disease associations, as the literature is rapidly expanding beyond the 

capability of any given clinician to track genetic risk factors for a given disease. Our review 

process required human review of the six genetic resources to code whether each 

resource reported an association between a given gene and a disease. Two individual 

researchers independently coded each gene-disease association, and their separate 

coding results were brought to a group for consensus review and confirmation. 

Additionally, we acknowledge that the semi-structured process was internally developed. 

However, there currently is no "gold standard" when reviewing gene-disease associations 

across multiple resources or the broader medical literature, and our procedure bears a 

number of features that we believe increase its rigor and reliability, i.e., two coders were 

used to independently generate the database, a group of researchers reviewed and 

discussed each gene-disease association, and an NLP-assisted literature review was 

incorporated to increase the comprehensiveness of the review. 

  

The third limitation is the clinical actionability and relevance of the results. With regard to 

gastric cancer, clinicians must consider whether a particular pathogenic variant places a 
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patient at sufficient risk to warrant changes in management, such as referral for a 

screening upper endoscopy or a prophylactic total gastrectomy. In the case of the CDH1 

pathogenic variant, the high penetrance of the gene resulting in high lifetime rates of 

gastric cancer and the inadequacy of endoscopy in identifying this disease early have led 

to the recommendation for prophylactic total gastrectomy [7]. Yet other gene-disease 

associations are likely far less strong, with significantly lower penetrance and risk of 

gastric cancer or with causing a type of gastric cancer that is more detectable by frequent 

endoscopy. For the identified gastric cancer susceptibility genes, we are unable to report 

penetrance, and therefore the optimal impact on clinical decision making is yet to be 

determined. NCCN guidelines for gastric cancer acknowledge that even for syndromes 

with a known estimated increase in gastric cancer, such as Familial Adenomatous 

Polyposis, there is no clear evidence on which to base the recommendation of a first 

screening upper endoscopy between the ages of 25 and 30. Determining whether the 

degree of gastric cancer risk conferred by each of our 13 identified gastric cancer 

susceptibility genes should influence clinical care is beyond the scope of this current 

manuscript. Realistically, actively monitoring carriers of gastric cancer susceptibility 

genes may not be feasible due to a number of factors, including cost-effectiveness and 

patient preference (i.e., patient anxiety from frequent medical testing), and guidelines 

need to be updated as more data becomes available.  
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Future work 

Identifying gastric cancer susceptibility genes and their associated diseases is an 

important first step in identifying individuals for whom screening and monitoring may 

prove to be beneficial, as gastric cancer is most likely curable when diagnosed at an early 

stage. However, prior to influencing clinical guidelines, more work to understand the 

penetrance and clinical impact of these 13 genes must be undertaken. Using an NLP 

algorithm to identify and extract relevant data from the medical literature may assist 

researchers in incorporating all available data to more accurately estimate the effects of 

genetic contributors to gastric cancer. We aim to collect and present data regarding 

gastric cancer and other malignancies in a single resource, ASK2METM, to help scientists 

and clinicians understand and interpret pathogenic variants' clinical consequences.    
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Conclusion 

We developed a semi-structured review process, incorporating the review of six genetic 

resources as well as an NLP-based literature review, to identify and collate gastric cancer 

susceptibility genes and their associated diseases into a single publication. In this 

process, we demonstrated significant information heterogeneity of prominent genetic 

resources. Variation in genetic risk identification could result in provider confusion, missed 

opportunities for genetic testing and counseling, and suboptimal clinical decision-making. 

Notably, we confirmed that gastric cancer susceptibility genes are frequently associated 

with many other cancers as well, with potential implications for how these patients are 

screened and managed. Future work to accurately estimate the penetrance of these 

gene-cancer associations and calculate disease risk will further inform clinical 

management and decision-making for individuals affected by gastric cancer-associated 

genes. Constantly updated databases such as ASK2METM may serve as important 

resources of curated information so that individual clinicians do not have to independently 

review an ever-increasing quantity of medical literature.  
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Figure legend 

 

Figure 1. Flow chart for identifying and evaluating gene-disease association. The 

number '1' indicates that the gene was associated with gastric cancer in the resource. 

The number '0' indicates that the gene's association with gastric cancer was refuted in 

the resource. The number '9' indicates that the gene's association with gastric cancer was 

unclear in the resource. 

*Uncertain association indicates that the gene's association with gastric cancer is unclear 

and it may or may not be associated with gastric cancer, further studies are required to 

refute or accept the association. 

 

 

Table 1. Association for 27 candidate genes with gastric cancer in six genetic 
resources. The ‘+’ sign indicates that the gene was associated with the disease in the 
resource. Blank space indicates that the association was not found in the resource. 
 

Gene Genetic Resources  

ClinGen NCCN GHR OMIM GeneCards Gene-NCBI Consensus 

APC + +  + + + Identified 

ATM   +    Identified 

BMPR1A + +    + Identified 

BRCA1   +    Uncertain 

BRCA2       Uncertain 

CDH1 + + + + + + Identified 

CHEK2       Identified 

CTNNA1   +  +  Uncertain 

DOT1L       Uncertain 

EPCAM + +    + Identified 
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Abbreviation: ClinGen, Clinical Genome Resource; NCCN, The National 
Comprehensive Cancer Network;  OMIM, Online Mendelian Inheritance in Man; GHR, 
Genetics Home Refence 
  

FBXO24       Uncertain 

INSR       Uncertain 

MAP3K6     +  Uncertain 

MLH1 + + +   + Identified 

MSH2 + + +   + Identified 

MSH6 + + +    Identified 

MSR1       Uncertain 

MUTYH-Biallelic +      Identified 

MUTYH-
Monoallelic 

      Uncertain  

PALB2  +     Identified 

PMS2   +   + Uncertain 

PRSS1     +  Uncertain 

PTEN +      Uncertain 

RAD51c       Uncertain 

SMAD4 + +    + Identified 

STK11 + +  +   Identified 

TP53    +   Uncertain 
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Table 2. Diseases associated with 13 gastric cancer susceptibility genes. *These 
gene-disease associations were identified using all 6 genetic resources as well as NLP 
literature review. 
 
Gastric Cancer 
Susceptibility 
Gene 

Disease spectrum 

Malignant Benign Borderline 

APC Brain cancer, Colorectal 
cancer, Duodenal cancer, 
Gastric cancer, 
Hepatobiliary cancer, 
Pancreatic cancer, Small 
intestine cancer, Thyroid 
cancer 

CHRPE, Skin 
disorders, Tooth 
disorders 

Adrenal neoplasm, 
Bone neoplasm, 
Soft tissue 
neoplasm  

ATM Breast cancer, colorectal 
cancer, Gastric cancer, 
Pancreatic cancer, Prostate 
cancer 

  

BMPR1A Colorectal cancer, 
Duodenal cancer, Gastric 
cancer, Pancreatic cancer, 
Small intestine cancer 

  

CDH1 reast cancer, Gastric 
cancer 

Eye disorders, Facial 
dysmorphism, 
Gastrointestinal 
disorders, Hair 
disorder, Hand 
disorder, Nail 
disorder, Nose 
disorder, Orofacial 
cleft disorder, Tooth 
disorder, Thyroid 
disorder 

 

CHEK2 Breast cancer, Colorectal 
cancer, Gastric cancer, 
Kidney cancer, Prostate 
cancer, Sarcoma, Thyroid 
cancer 

  

EPCAM Bladder cancer, Brain 
cancer, Colorectal cancer, 
Endometrial cancer, Gastric 
cancer, Hepatobiliary 
cancer, Kidney cancer, 
Ovarian cancer, Pancreatic 
cancer, Prostate cancer, 
Sebaceous cancer, Small 
intestine cancer, Urinary 
tract cancer, Ureteral 
cancer 

Skin disorder  
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MLH1 Adrenocortical carcinoma, 
Bladder cancer, Brain 
cancer, Colorectal cancer, 
Endometrial cancer, Gastric 
cancer, Hepatobiliary 
cancer, Ovarian cancer, 
Pancreatic cancer, Prostate 
cancer, Sebaceous cancer, 
Small intestine cancer, 
Urinary tract cancer, 
Ureteral cancer 

Skin disorder  

MSH2 Adrenocortical carcinoma, 
Bladder cancer, Brain 
cancer, Colorectal cancer, 
Endometrial cancer, Gastric 
cancer, Hepatobiliary 
cancer, Kidney cancer, 
Ovarian cancer, Prostate 
cancer, Sebaceous cancer, 
Small intestine cancer, 
Urinary tract cancer, 
Ureteral cancer 

Skin disorder  

MSH6 Adrenocortical carcinoma, 
Bladder cancer, Brain 
cancer, Colorectal cancer, 
Endometrial cancer, Gastric 
cancer, Hepatobiliary 
cancer, Kidney cancer, 
Ovarian cancer, Prostate 
cancer, Sebaceous cancer, 
Urinary tract cancer,  

Benign skin disorder  

MUTYH-
Biallelic 

Colorectal cancer, 
Duodenal cancer, Gastric 
cancer 

CHRPE, Skin disorder  

PALB2 Breast Cancer, Gastric 
Cancer, Ovarian Cancer, 
Pancreatic Cancer, 
Prostate Cancer 

  

SMAD4 Colorectal cancer, 
Duodenal cancer, Gastric 
cancer, Pancreatic cancer, 
Small intestine cancer 

Bone disorder, 
Cardiovascular 
disease, Lung disease 

 

STK11 Breast cancer, Cervical 
cancer, colorectal cancer, 
Endometrial cancer, Gastric 
cancer, Hepatobiliary 
cancer, Lung cancer, 
Pancreatic cancer, Small 
intestine cancer 

Skin disorder, 
Gastrointestinal 
hamartomatous 
polyps 

Testicular 
Neoplasm, Ovarian 
Neoplasm 
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Abbreviation: CHRPE, congenital hypertrophy of the retinal pigment epithelium. 

 
 


