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INTRODUCTION

Gastrointestinal (GI) cancers are a leading cause of cancer morbidity and mortality.1 In 

the United States, GI cancers are predicted to lead to over 170,000 deaths in 2023 alone, 

accounting for 28% of cancer-related deaths.1 Many GI cancers arise from distinct precursor 

lesions, presenting an opportunity for cancer prevention and interception. Hereditary cancer 

syndromes, in which precursor lesions are common, have informed our understanding of 

basic biological principles of cancer development and progression, as well as the clinical 

management of precursor lesions in the broader population. Deleterious monogenic germline 

variants are thought to lead to approximately 5% to 10% of GI cancers.2 Polygenic variation 

also contributes to the risk of GI cancer, including among individuals with a monogenic 

germline variant.3 This review will focus on the leading causes of hereditary GI cancer, as 

well as the management of common precursor lesions of the GI tract.

We review hereditary predisposition to and precursor conditions of the colorectum, stomach 

and esophagus, and pancreas. Hereditary cancer syndromes often predispose to neoplasm 

in more than one organ and may be discussed later in more than one section. Hereditary 

neuroendocrine cancer syndromes and syndromes with insufficient evidence to guide 

management are outside the scope of this review.
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COLORECTAL CANCER PREDISPOSITION AND PRECURSOR CONDITIONS

Lynch Syndrome

Lynch syndrome (LS) is an autosomal dominant syndrome caused by germline deleterious 

variants in one of the DNA mismatch repair (MMR) genes—MLH1, MSH2, MSH6, and 

PMS2.4 Epigenetic silencing of MLH1 and MSH2 can also cause LS, the latter secondary to 

deletions in the EPCAM gene.4 LS is the most common hereditary cause of GI cancer.5 The 

population prevalence of LS and the relative frequencies of alterations in each of the MMR 

genes vary by population.5-10 In the United States, LS is estimated to affect approximately 1 

in 300 to 400 individuals.5,7,8

Within the GI tract, LS is associated with colorectal cancer (CRC), small bowel, gastric, 

and pancreaticobiliary cancers11,12 (Table 1). The cancer risks associated with LS extend, 

however, beyond the GI tract and include endometrial, ovarian, urinary tract, prostate, skin, 

and brain cancers.11-14 It is important to note that female individuals with LS have a 

cumulative risk of gynecologic cancers that is of similar or larger magnitude as the risk of 

colon cancer.12

While historically regarded as a single syndrome, there is variation in the cancer risks 

associated with germline alterations in each of the MMR genes (see Table 1), and 

management recommendations vary accordingly.15,16 MLH1-LS and MSH2-LS are highly 

penetrant, with a lifetime cumulative risk of LS-cancer of over 70% for both male and 

female individuals.12 MSH2-LS likely has the broadest spectrum of cancer risk, with a 

particularly high risk of urinary tract cancer. EPCAM-LS is thought to have a similar 

phenotype as MSH2-LS but data are limited. MSH6-LS is characterized by a higher lifetime 

risk of gynecologic cancers than colorectal cancer. PMS2-LS is the most common form of 

LS in the United States, leading to a lifetime risk of LS-cancers of approximately 35%. 

The cancer risks associated with PMS2-LS pertain predominantly to the colon and the 

endometrium.12

Most LS-associated cancers acquire a second, somatic, alteration in the affected MMR gene, 

leading to DNA MMR deficiency (MMRD) of the tumor. MMRD results in a high rate of 

mutations of both single nucleotide variations and insertion/deletion mutations, particularly 

at DNA microsatellites (termed microsatellite instability [MSI]).4 MMR proficient tumors 

can also occur in individuals with LS, particularly in MSH6-LS and PMS2-LS.17

The precursor lesions associated with LS and their contribution to cancer risk have 

been studied primarily in the colon and rectum.18 Emerging data suggest that there are 

several molecular pathways of CRC development in LS, underpinning distinct precursor 

lesions11,12,19 (Fig. 1). MMRD can occur either early, before the acquisition of key driver 

mutations, or at a later stage in adenoma development.18,20 Recent data suggest that 

early MMRD is the more common pathway.18,21 Indeed, MMRD has been detected in 

nondysplastic colonic crypts, suggesting that MMRD can be a very early event, preceding 

adenoma formation.21-23 MSH2, MSH6, and PMS2 associated CRC is thought to develop 

commonly by acquisition of somatic mutations in the APC gene, leading to adenomatous 

polyp growth via activation of Wnt signaling (see “Polyposis Syndromes” section).19,24 

Maoz et al. Page 2

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



However, some MLH1-associated CRCs are hypothesized to evolve directly from colonic 

crypts, independent of APC. These tumors are thought to acquire mutations in CTNNB1 
(beta-catenin) and bypass the adenomatous polyp phase.18,25,26 Further studies are needed 

to validate and refine these models of carcinogenesis in LS and determine the associated 

implications for colonoscopic surveillance.

Frequent colonoscopic surveillance is the mainstay of CRC early detection and prevention in 

LS (see Table 1). MLH1-LS and MSH2-LS are characterized by accelerated carcinogenesis, 

which is thought to develop within 2 to 3 years, in comparison with 10 or more years 

in sporadic CRC.27,28 High-quality colonoscopy with polypectomy at frequent intervals 

reduces the incidence of CRC in individuals with LS.29There are limited data regarding 

the outcomes of upper GI endoscopic surveillance and pancreatic cancer screening among 

individuals with LS.30-32 Screening recommendations are discussed in Table 1 and under 

“Pancreatic cancer predisposition and precursor conditions”.

Beyond the prevention afforded by colonoscopies, high-quality data support the use of 

aspirin for the prevention of colorectal cancer among individuals with LS.33,34 The 

randomized CAPP2 trial demonstrated a reduction in colorectal cancer incidence for 

individuals with LS who were randomized to aspirin treatment versus placebo (9% vs 13%, 

HR = 0.65).33 The CAPP3 trial is ongoing with the goal of determining if lower doses 

of aspirin are equally effective for chemoprevention in LS (NCT02497820). Recent data 

suggest that resistant starch, also studied in the CAPP2 trial, may be beneficial for the 

prevention of upper GI cancers in LS.35 The mechanisms driving the preventative effects of 

aspirin and resistance starch in individuals with LS have not been definitively established.

Immunoprevention is actively being explored for individuals with LS. As discussed above, 

MMRD leads to a high somatic mutational burden in LS-associated cancers. Neoantigens 

that arise from MMRD are thought to elicit an immune reaction that can restrict cancer 

growth or lead to cancer regression, both spontaneously and in response to T-cell immune 

checkpoint inhibitors.36-38 While immune checkpoint inhibitors are effective for treating 

established LS-associated cancers with MMRD, it is unclear if they offer a preventative 

benefit. A study of patients with LS who received immunotherapy for an established 

malignancy suggests a persistent risk of precursor lesions and malignancy.39 Cancer 

vaccines for the prevention of LS-associated cancers are also in clinical development.40 

These include vaccines that target tumor-associated antigens that are not specific to LS 

(NCT05419011), as well as LS-specific vaccines that target neoantigens that arise as a result 

of MMRD (NCT05078866).

Polyposis Syndromes

Multiple hereditary cancer syndromes result in polyposis of the GI tract,41,42 most involving 

the colon and rectum. Polyposis syndromes vary clinically in their inheritance pattern, 

molecular etiology, polyp type and burden, and extracolonic manifestations (Table 2).

Familial adenomatous polyposis (FAP) is the most common hereditary polyposis syndrome 

of the GI tract. FAP is an autosomal dominant syndrome caused by pathogenic germline 

variants in the APC gene. Classic FAP is highly penetrant, leading to hundreds to thousands 
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of adenomatous polyps in the colon and rectum, and a lifetime CRC risk of virtually 

100%. Attenuated FAP is clinically distinguished from classic FAP as a syndrome with less 

than 100 colonic polyps; it is associated with germline alterations in the 3′ or 5′ portion 

of the APC gene.43 Individuals with FAP often have polyposis of the upper GI tract, as 

well, leading to cancers of the stomach, small bowel, and ampulla of Vater.44-47 Additional 

tumors associated with FAP include desmoid tumors, thyroid cancer, hepatoblastoma, and 

medulloblastoma.48-50

CRC carcinogenesis in FAP is driven by a somatic second hit in the APC gene.51,52 This 

in turn leads to unopposed β-catenin activity, activating the Wnt signaling pathway, as 

well as chromosomal instability.24 Germline alterations in RNF43 and AXIN2 also lead 

to polyposis via the Wnt signaling pathway, though they cause phenotypically distinct 

syndromes from FAP.53 Acquired somatic mutations in additional oncogenes (eg, KRAS) or 

tumor suppressor genes (eg, TP53) are thought to drive tumorigenesis, in a process similar 

to the sporadic adenoma to carcinoma process.54,55 Spatially separated tumors can originate 

from the same cancer-primed cell in patients with FAP, indicating that somatic alterations 

may occur in a macroscopically normal epithelium, before the appearance of clinically 

identifiable adenomas.56 Multiple other mechanisms of polyposis exist, including alterations 

in kinase and phosphatase activity, DNA base excision repair, DNA polymerase activity, 

TGF-β signaling, and others (see Table 2).

Esophagogastroduodenoscopy (EGD) and colonoscopy are the mainstay of cancer early 

detection for individuals with polyposis syndromes (see “Management of precursor lesions” 

below). Small bowel visualization with video capsule endoscopy or CT/MRI enterography 

is recommended for syndromes with a high risk of small bowel cancer (see Table 2). In 

polyposis syndromes with a low to moderate polyp burden, endoscopic management serves 

as the primary prevention strategy. However, when endoscopic management is not feasible 

because of a high polyp burden, prophylactic surgery, including colectomy/proctocolectomy, 

pancreaticoduodenectomy, and/or gastrectomy, may be considered.

Chemoprevention and chemointerception trials have been conducted almost exclusively for 

FAP. Sulindac and other NSAIDs have been evaluated in several trials as monotherapy or 

in combination with other agents.57,58 The combination of the NSAID sulindac and the 

EGFR inhibitor erlotinib has been shown to reduce colorectal and duodenal polyp burden in 

FAP over short-term follow-up.59,60 An irreversible inhibitor of ornithine decarboxylase, 

eflornithine, has been suggested to have a role in the prevention of colonic disease 

progression in FAP, but further studies are needed to confirm these findings.61 Despite 

demonstrating a reduction of polyp burden, these regimens have not been definitively shown 

to alter clinical management for individuals with FAP and have not received Food and Drug 

Administration approval for this indication.

Management of precursor lesions

Colorectal polyps.—CRC screening is recommended for all asymptomatic adults aged 

45 years or older who are at an average risk of CRC.62,63 The recommended age to 

initiate screening was changed from 50 to 45 years in recent years because of an increasing 

incidence of young-onset CRC. The causes of this increase in CRC incidence are poorly 
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understood, but they have been largely attributed to lifestyle and environmental factors, as 

this increased risk is associated with a birth-cohort effect. Individuals born around 1990 have 

up to 4 times the risk of rectal cancer and twice the risk of colon cancer of individuals 

born around 1950.64-66 Various screening strategies are now recommended for individuals 

at average risk for CRC, including stool-based tests, CT colonography, sigmoidoscopy, and 

colonoscopy.63

Colonoscopy is performed in the setting of routine colon cancer screening, but also 

as follow-up of abnormal CRC screening tests, surveillance postpolypectomy or CRC 

resection/treatment, or for diagnostic purposes.67 Colonoscopy can prevent CRC through 

the disruption of precursor lesions, such as polyps, including tubular adenomas and sessile 

serrated polyps (SSPs).68 The sensitivity of stool-based and blood-based tests for precursor 

lesions is limited,62,69,70 and positive findings require follow-up with a colonoscopy. The 

development of these polypoid lesions and CRC occurs through 3 distinct pathways, the 

chromosomal instability, the MSI, and the CpG island methylator phenotype.

Risk factors for the development of traditional adenomas and SSPs include smoking, 

obesity, and heavy alcohol use.71 Physical activity and the use of aspirin is associated 

with a lower risk of developing adenomas and an advanced adenoma or large SSP, 

respectively. These risk factors largely mirror risk factors for CRC development,71 although 

the association of aspirin use with a decreased risk of CRC has been called into 

question.72 The presence of one or more of these risk factors does not typically alter CRC 

surveillance recommendations.63 Apart from the hereditary syndromes discussed earlier, 

there are additional personal and familial risk factors that warrant specialized surveillance, 

the specifics of which are outside the scope of this review. These include a personal 

history of inflammatory bowel disease, cystic fibrosis, and childhood cancer treated with 

chemotherapy or abdominal radiation therapy and a family history of CRC without a 

detectable pathogenic germline variant.73-77

Individuals with precancerous colorectal polyps have a higher risk for colorectal cancer 

compared to the general population and thus interval surveillance colonoscopy will be based 

on age, personal history, genetic susceptibility, family history, procedural findings, prep 

quality, examination quality, and comorbidities.67

Overall, individuals that are found to have an adenoma at baseline colonoscopy, have a 

1.3 fold risk of developing CRC compared to the general population.78 Adenomas can be 

risk stratified as a low-risk adenoma (<10 mm in size), advanced adenoma (≥10 mm in 

size, tubulovillous or villous histology, high-grade dysplasia), advanced neoplasia (advanced 

adenoma or CRC), or high-risk adenoma (advanced neoplasia or ≥3 adenomas).67 Patients 

who are found to have an advanced adenoma compared to a non-advanced adenoma 

have a higher risk of developing CRC compared to the general population (Standardized 

incidence ratios of 2.23 and 0.68, respectively).78 Patients undergoing routine recommended 

surveillance colonoscopy for an advanced adenoma have a 2.05% 10-year cumulative risk 

of developing CRC.78 Furthermore, among patients found to have an SSP or SSP with 

dysplasia compared to no polyps, the odds of developing CRC are 3 fold and 5 fold, 

respectively.79
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Risk-stratification as well as timing of surveillance colonoscopy after baseline colonoscopy 

for both adenomas and SSPs are based on number of polyps, size of polyps, and histology 

(Fig. 2). These recommendations have been previously summarized and well described.67

Importantly, the recommended interval for the second-surveillance colonoscopy among 

postpolypectomy patients is based on the risk-stratification of findings identified on baseline 

and first-surveillance colonoscopies.67 Overall, colonoscopy provides the opportunity to 

remove precursor CRC lesions and to intercept CRC early when it is more amenable to 

treatment and surgical options.

GASTROESOPHAGEAL CANCER PREDISPOSITION AND PRECURSOR 

CONDITIONS

Hereditary Syndromes

Several hereditary cancer syndromes predispose to gastric cancer (Table 3). The prevalence 

of any germline alteration in cancer predisposition genes among patients with gastric cancer 

is in the range of 10%,80-82 but causality has only been established for a limited number 

of genes. Overall, it is estimated that 3% to 5% of gastric cancers can be attributed to 

monogenic hereditary cancer syndromes.

Hereditary diffuse gastric cancer (HDGC) is a gastric-cancer predominant syndrome.83,84 

HDGC is caused by germline deleterious alterations in CDH1, encoding the E-cadherin 

gene, a major component of the adherens junction of epithelial cells.85 HDGC is associated 

with diffuse type gastric cancer with signet ring cell morphology, as well as lobular breast 

cancer. The cancer risk associated with HDGC is still being refined. Initial estimates were 

likely inflated because of ascertainment bias; a large proportion of families with germline 

alterations in CDH1 do not meet clinical criteria for HDGC and are found incidentally.86-88 

Germline alterations in CTNNA1 also predispose to diffuse gastric cancer,83,84,89,90 but the 

risk of lobular breast cancer has not been established.91 CTNNA1 encodes the alpha-catenin 

protein, also an adherens junction protein.92

The precursor lesions of HDGC are microscopic signet-ring cell foci. These include lesions 

replacing the normal gland cells (in situ signet-ring cell carcinoma) or pagetoid spread 

of signet-ring cells below the preserved epithelium.85 In approximately 95% of cases of 

HDGC associated with CDH1 germline alterations, foci of signet-ring cells are detected in 

the lamina propria (stage T1a). The discrepancy between the nearubiquitous finding of T1a 

lesions and the partial penetrance of diffuse gastric cancer suggests that many T1a lesions 

have indolent behavior and do not progress rapidly to advanced cancer. The recommended 

management for individuals with HDGC has been to consider a prophylactic total 

gastrectomy at an early age (see Table 3), before invasive cancer develops.85,93 Specialized 

endoscopic surveillance protocols, which include multiple biopsies, have been proposed 

as a method of cancer interception for individuals who do not undergo prophylactic 

gastrectomy.94-96 Accumulating experience from the implementation of such protocols 

suggests that endoscopic surveillance may be an alternative to surgery in individuals with 

CDH1 alterations who decline total gastrectomy. However, predictors of progression are not 
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well defined, and there are no sufficiently reliable methods to detect progression when it 

occurs.

There are no established nonoperative interventions to prevent gastric cancer in HDGC. 

As a presumed modifiable risk factor, Helicobacter pylori detection and eradication are 

recommended,85 and this recommendation extends to other hereditary cancer syndromes that 

may predispose to gastric cancer, such as LS.

Hereditary predisposition to esophageal cancer is less well characterized. Rare syndromes 

that predispose to squamous cell carcinoma of the esophagus have been described, 

including Tylosis with esophageal cancer,97-99 Bloom syndrome,100 and Fanconi anemia.101 

Screening recommendations are based on limited data but include consideration of an 

upper endoscopy starting at early adulthood.102 Hereditary predisposition to esophageal 

adenocarcinoma (EAC) is less well understood, and there is no consensus regarding 

specific screening recommendations. There is notable overlap between the genes proposed 

to predispose to EAC and gastric adenocarcinoma. Recent data suggest that pathogenic 

variants in ATM and TP53 predispose to EAC, as well as to progression from its precursor 

lesion, Barret’s esophagus (BE), to adenocarcinoma.103 Genes involved in the DNA 

homologous recombination pathway (eg, BRCA1/2) have also been suggested to predispose 

to gastroesophageal cancer80-82,103 but causality has not been definitively established.

Management of Precursor Lesions

Gastric intestinal metaplasia—Gastric intestinal metaplasia (GIM) is a precursor lesion 

for gastric adenocarcinoma as it may develop into dysplasia, which may progress to gastric 

cancer.104 GIM can be further characterized by histologic subtype as incomplete (has some 

colonic type intestinal metaplasia [IM]) versus complete (small intestinal type IM) and 

anatomic location as extensive (involves the gastric body and either the antrum and/or 

incisura) versus limited (only involves the gastric antrum and/or incisura). Individuals 

with incomplete and/or extensive GIM have the highest risk of progressing to gastric 

cancer.105 Higher risk patients with GIM include individuals with incomplete and/or 

extensive GIM or individuals with a family history of gastric cancer. In addition, patients at 

an overall increased risk for gastric cancer, include individuals who immigrated from high 

gastric cancer incidence regions and individuals from historically marginalized racial/ethnic 

backgrounds.105

Among patients who have had gastric biopsies, the prevalence of GIM is approximately 

4.8%.106 At 5 year follow-up, the cumulative incidence of gastric cancer among individuals 

with GIM is 1.1% and 1.6% at 10 years.107 Importantly, this prevalence and incidence data 

were drawn from studies conducted in North America, South America, Europe and Asia, 

where population risk differs across regions.107

In Asian countries, particularly Eastern Asia, there is a higher incidence and mortality rate 

associated with gastric cancer, with some risk factors including higher rates of H pylori 
infection, diet, and hereditary predisposition, as mentioned above.108 As a result, some 

countries in that region have implemented national screening guidelines that are associated 

with reductions in gastric cancer mortality.109
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However, the United States is considered a low-incidence country with 26,500 gastric 

cancer cases diagnosed in 2023, with the most common location of gastric cancer being 

noncardia gastric cancers.110 As a result, population-based screening initiatives have not 

been implemented. However, incidentally identified GIM on endoscopic biopsies has led to 

the development of practice guidelines on how to best manage these findings routinely.105

Eradication of H pylori with eradication confirmation is recommended for patients with 

GIM and H pylori.105 Among patients with incidentally identified GIM, endoscopic 

surveillance every 3 to 5 years with random biopsies of the gastric body and antrum as 

well as targeted biopsies of any concerning lesions, can be considered based on informed 

discussions regarding the risks/benefits of the procedure as a reduction in gastric cancer 

mortality has not yet been delineated.105

Lastly, guidelines also do not recommend short-interval endoscopy to risk stratify patients 

with incidentally identified GIM. However, based on informed clinical discussions, patients 

who are at higher risk, as delineated earlier, or patients who had any high-risk lesions or 

concerns regarding the thoroughness of their initial endoscopic evaluation can undergo a 

repeat upper endoscopy in 1 year for further risk stratification (ie, anatomic extent and 

histologic subtype).105

Barrett’s esophagus—BE describes the replacement of normal esophageal squamous 

epithelium by metaplastic columnar epithelium with goblet cells.111 This metaplastic 

mucosal change in the distal esophagus is also denoted as IM and is associated with 

chronic gastroesophageal reflux disease (GERD).112 Approximately 5% to 12% of patients 

with chronic GERD develop BE.113,114 BE is considered the precursor lesion for EAC 

with histologic progression from BE with no dysplasia to low-grade dysplasia, high-grade 

dysplasia, and ultimately EAC.115

As BE can be a clinically silent disease, prevalence estimates are predominately based upon 

patient populations that present for endoscopic evaluation in the setting of GERD symptoms. 

In the United States, the prevalence of BE is estimated to be 5.6%, with other estimates 

ranging from 0.4 to greater than 20% in the general population based on the population 

studied and diagnosis study criteria.116-120 Compared to the general population, individuals 

with BE have a 10 fold to 55 fold risk of developing EAC.121 Among individuals with 

high-grade dysplasia (HGD) specifically, the incidence of developing EAC within the first 7 

years of diagnosis is 6.58 per 100 patient-years.122

Risk factors for BE include age over 50 years, central obesity, tobacco use, and family 

history.112 In addition, White race and male sex are risk factors for BE with BE being more 

common in White and male populations and uncommon in Black, Asian/Pacific Islander, 

and female populations.112,123 As a result, the American College of Gastroenterology 

recommends screening endoscopy for individuals with chronic GERD symptoms and 3 or 

more of the risk factors delineated above including a family history of BE or EAC in one 

or more first-degree relatives.124 The American Gastroenterological Association has similar 

recommendations.125
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Endoscopic suspicion of BE requires that columnar epithelium be identified at least 1 cm 

or more proximal to the gastroesophageal junction.112 When BE is suspected on initial 

white-light endoscopy, this mucosal change is characterized by a salmon-colored mucosa.112 

Once suspected, at least 8 endoscopic biopsies are recommended to identify the presence 

of IM.112 The Seattle Biopsy Sampling Protocol is recommended by multiple societies 

and targeted biopsies of any identified mucosal abnormalities are also indicated.112,126 

If IM is not identified, a repeat endoscopy with biopsies is recommended in 1 to 2 

years.112 However, if IM is identified, this mucosal change is further stratified into 

BE with no dysplasia, BE with indefinite dysplasia (IND), and BE with low-grade 

dysplasia (LGD), HGD, or early EAC.112 If dysplasia or EAC is suspected, pathologic 

confirmation by a second pathologist with GI expertise is recommended for appropriate 

risk-stratification.112,127

The surveillance interval for BE with no dysplasia is based on the length of the BE segment. 

Among individuals with a BE segment of less than 3 cm, a repeat surveillance endoscopy 

is recommended in 5 years.112 Among individuals with a BE segment of 3 cm or greater, 

a repeat endoscopy is recommended in 3 years.112 In patients found to have BE with IND, 

treatment with a twice daily proton pump inhibitor and a repeat endoscopy within 6 months 

is recommended.112

Surveillance and management of individuals found to have LGD, HGD, intramucosal 

carcinoma (T1a), or submucosal cancer (T1b) are well described and briefly summarized 

here.68,82 For individuals found to have LGD, an informed discussion regarding the 

risks and benefits of surveillance versus endoscopic eradication therapy (EET) is 

recommended.112 Among patients who proceed with EET the primary endpoint is complete 

eradication of IM (CEIM), with ongoing surveillance endoscopy at specified intervals 

thereafter.112 Among patients with HGD or intramucosal carcinoma (T1a), EET with a 

goal of CEIM is recommended followed by ongoing surveillance endoscopy also at specified 

intervals thereafter.112,127

Importantly, among patients with BE, chemoprophylaxis with proton pump inhibitor therapy 

can reduce the progression to EAC and remains an integral part of clinical management.128

PANCREATIC CANCER PREDISPOSITION AND PRECURSOR CONDITIONS

Hereditary Syndromes

Several distinct syndromes predispose to hereditary pancreatic cancer (HPC), including 

alterations in the DNA double-strand break repair pathway (specifically in the ATM, 

BRCA2, BRCA1, and PALB2 genes), Lynch syndrome, Li-Fraumeni syndrome, and others 

(Table 4). Taken together, these syndromes account for approximately 10% of pancreatic 

adenocarcinoma (PDAC) cases.129-131 The lifetime risk of PDAC differs significantly 

depending on the affected gene, with a particularly high risk with germline alterations 

in STK11 and CDKN2A. There are insufficient data regarding PDAC risk modifiers 

among individuals with HPC; family history is used in clinical practice to guide screening 

recommendations.132,133
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The precursor lesions of PDAC include pancreatic intraepithelial neoplasia (PanIN) and 

intraductal papillary mucinous neoplasm (IPMN).134,135 PanIN is a microscopic lesion that 

is thought to be the precursor lesion for most PDACs. Pan-INs can be classified based on 

their histologic appearance as low grade and high grade; the latter is considered carcinoma 

in situ. The progression from PanIN to PDAC is thought to occur via sequential acquisition 

of somatic alterations in key oncogenes (KRAS) and tumor suppressor genes (CDKN2A, 

TP53, and SMAD4). KRAS alterations are thought to represent the earliest somatic driver, 

with over 90% of PDAC harboring a somatic KRAS alteration. IPMNs are macroscopic 

cystic lesions arising from the pancreatic ductal system (see “Management of Precursor 

Lesions” section for additional details). IPMNs are thought to harbor somatic alterations 

similar to PDAC but an enrichment of alterations in GNAS and RNF43 in IPMNs has been 

described.136 PanIN and IPMN can co-occur.137 Mucinous cystic neoplasms (MCNs) can 

also progress to pancreatic cancer; MCNs are less common than IPMNs.138

Accumulating data from clinical trials demonstrate that screening for PDAC among 

individuals with HPC can detect PDAC at earlier stages. Correspondingly, screen-detected 

PDAC is associated with dramatically improved long-term survival.137,139,140 Screening is 

associated with a high rate of detection of pancreatic cysts that require further imaging or 

biopsies,141,142 as well as a less than 5% chance of undergoing surgery that is of low yield or 

deemed not necessary after review of final pathology.143,144 Current screening criteria and 

methods are presented in Table 4. There is no high-quality data regarding PDAC prevention 

among individuals with HPC, but vaccines targeting common somatic KRAS alterations are 

being developed.145

Management of Precursor Lesions

Intraductal papillary mucinous neoplasms—Pancreatic IPMNs are mucinous cystic 

lesions that are a precursor for PDAC. IPMNs may progress from a benign IPMN to 

IPMN with LGD, IPMN with HGD, and invasive carcinoma.146 These mucinous neoplasms 

are characterized based on the location of pancreatic duct involvement as a main duct 

IPMN (MD-IPMN), branch duct IPMN (BD-IPMN), or mixed type IPMN. It is difficult 

to discern the incidence of IPMNs, as individuals may be asymptomatic and/or have very 

small lesions. Previous studies assessing the prevalence of pancreatic cystic lesions that were 

found incidentally on cross-sectional abdominal imaging, found a prevalence ranging from 

2.6% to 13.5% and a mean cyst diameter from 7.4 to 8.9 mm.147,148

Among those diagnosed with an IPMN, the median age at time of diagnosis is 66 to 67 

years with BD-IPMNs being more commonly an incidental finding compared to MD-IPMNs 

or mixed-duct IPMNs.149 In addition, most individuals with IPMNs do not have a family 

history of PDAC.149 Despite this, patients with MD-IPMN or mixed-type IPMN have a 57% 

to 92% risk of developing an IPMN-associated carcinoma whereas patients with BD-IPMN 

have a 6% to 46% risk.149,150

Given the malignant potential of IPMNs, there are various national and international 

guidelines highlighting management considerations including surveillance and surgical 

recommendations for pancreatic cysts.150-153 The most recently published Kyoto guidelines 

focus specifically on IPMNs and will be discussed in more detail. The Kyoto guidelines 
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recommend considering surgery among individuals found to have “high-risk stigmata” of 

HGD or malignancy. These high-risk features include main pancreatic duct (MPD) of 10 

mm or greater, an enhancing mural nodule of 5 mm or greater, obstructive jaundice in 

an individual with a pancreatic head cystic lesion, or patients with suspicious or positive 

cytology.154 Worrisome features prompting additional evaluation can be subdivided as 

clinical (acute pancreatitis, elevated CA 19-9, newly diagnosed or acutely exacerbated 

diabetes in the last year) or imaging features (cyst ≥3 cm, enhancing mural nodule 

<5 mm, thickened/enhancing cystic walls, MPD 5–9 mm, abrupt change in pancreatic 

duct caliber with distal pancreatic atrophy, lymphadenopathy, cystic growth rate of ≥2.5 

mm/12 mo).154 Subsequent potential surgical evaluation versus surveillance is based on 

patient symptoms, including repeated bouts of acute pancreatitis, the presence of more 

than one worrisome feature, surgical candidacy and cystic size. Surveillance intervals 

with multidetector computed tomography, magnetic resonance cholangiopancreatography 

(MRCP) and/or endoscopic ultrasound (EUS) are based on the largest cyst size.154 Overall, 

other guidelines, also provide surgical, endoscopic, or imaging recommendations based on 

risk stratification and IPMN size criteria.151,153

However, the Kyoto guidelines are not specifically designed for high-risk individuals, who 

have a personal or familial/genetic risk for PDAC. The Cancer of the Pancreas Screening 

Studies Consortium has released a consensus statement on the management of pancreatic 

cysts in high-risk populations.137 As a result, it is imperative to interpret cystic guidelines 

within the context of the populations they are targeted for.

SUMMARY

Hereditary cancer syndromes of the GI tract result in a wide variety of precursor lesions 

and biological processes of cancer development and progression. Individuals with hereditary 

predisposition to cancer are ideal candidates for efforts aimed at improving early detection, 

such as those leveraging blood-based cancer detection. Similarly, cancer surveillance and 

interception are suited for individuals with nonhereditary precursor lesions. Further clinical 

and preclinical research is needed to inform future studies in these fields.

DISCLOSURE

Maoz has no disclosures related to this article. N.J. Rodriguez has no disclosures related to this article. M.B. 
Yurgelun has has Research funding from Janssen; and Consulting/scientific advisory board roles at Nouscom. 
Syngal has no disclosures related to this article. This study was supported by The Pancreatic Cancer Action 
Network Catalyst Award (N. Rodriguez) and the K12TR004381 award (N. Rodriguez) through Harvard Catalyst 
∣ The Harvard Clinical and Translational Science Center (National Center for Advancing Translational Sciences, 
National Institutes of Health). The content is solely the responsibility of the authors and does not necessarily 
represent the official views of Harvard Catalyst, Harvard University, and its affiliated academic health care centers, 
or the National Institutes of Health. This study was also supported by the Whittaker Family Fund, the Scragg 
Family Fund, and the Hooley Fund-Lynch Syndrome.

REFERENCES

1. Siegel RL, Miller KD, Wagle NS, et al. Cancer statistics, 2023. CA Cancer J Clin 2023;73(1):17–48. 
[PubMed: 36633525] 

Maoz et al. Page 11

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Syngal S, Brand RE, Church JM, et al. , American College of Gastroenterology. ACG clinical 
guideline: Genetic testing and management of hereditary gastrointestinal cancer syndromes. Am J 
Gastroenterol 2015;110(2):223–62, quiz 63. [PubMed: 25645574] 

3. Hassanin E, Spier I, Bobbili DR, et al. Clinically relevant combined effect of polygenic background, 
rare pathogenic germline variants, and family history on colorectal cancer incidence. BMC Med 
Genomics 2023;16(1):42. [PubMed: 36872334] 

4. Vilar E, Gruber SB. Microsatellite instability in colorectal cancer-the stable evidence. Nat Rev Clin 
Oncol 2010;7(3):153–62. [PubMed: 20142816] 

5. Win AK, Jenkins MA, Dowty JG, et al. Prevalence and penetrance of major genes and polygenes for 
colorectal cancer. Cancer Epidemiol Biomarkers Prev 2017;26(3):404–12. [PubMed: 27799157] 

6. Haraldsdottir S, Rafnar T, Frankel WL, et al. Comprehensive population-wide analysis of Lynch 
syndrome in Iceland reveals founder mutations in MSH6 and PMS2. Nat Commun 2017;8:14755. 
[PubMed: 28466842] 

7. Rosenblum RE, Ang C, Suckiel SA, et al. Lynch syndrome-associated variants and cancer rates in 
an ancestrally diverse biobank. JCO Precis Oncol 2020;4.

8. Grzymski JJ, Elhanan G, Morales Rosado JA, et al. Population genetic screening efficiently 
identifies carriers of autosomal dominant diseases. Nat Med 2020;26(8):1235–9. [PubMed: 
32719484] 

9. Abu-Ghazaleh N, Kaushik V, Gorelik A, et al. Worldwide prevalence of Lynch syndrome in 
patients with colorectal cancer: systematic review and meta-analysis. Genet Med 2022;24(5):971–
85. [PubMed: 35177335] 

10. Castellsague E, Liu J, Volenik A, et al. Characterization of a novel founder MSH6 mutation 
causing Lynch syndrome in the French Canadian population. Clin Genet 2015;87(6):536–42. 
[PubMed: 25318681] 

11. Biller LH, Syngal S, Yurgelun MB. Recent advances in lynch syndrome. Fam Cancer 
2019;18(2):211–9. [PubMed: 30627969] 

12. Dominguez-Valentin M, Sampson JR, Seppälä TT, et al. Cancer risks by gene, age, and gender 
in 6350 carriers of pathogenic mismatch repair variants: findings from the prospective lynch 
syndrome database. Genet Med 2020;22(1): 15–25. [PubMed: 31337882] 

13. Biller LH, Horiguchi M, Uno H, et al. Familial burden and other clinical factors associated with 
various types of cancer in individuals with lynch syndrome. Gastroenterology 2021;161(1):143–
50.e4. [PubMed: 33794268] 

14. Biller LH, Creedon SA, Klehm M, et al. Lynch syndrome-associated cancers beyond colorectal 
cancer. Gastrointest Endosc Clin N Am 2022;32(1):75–93. [PubMed: 34798988] 

15. Network NCC. NCCN clinical practice guidelines in oncology (nccn guidelines®): genetic/familial 
high-risk assessment: colorectal version. 2. 2023. Available at: https://www.nccn.org/professionals/
physician_gls/pdf/genetics_colon.pdf.

16. Lindor NM, Petersen GM, Hadley DW, et al. Recommendations for the care of individuals with an 
inherited predisposition to Lynch syndrome: a systematic review. JAMA 2006; 296(12): 1507–17. 
[PubMed: 17003399] 

17. Ranganathan M, Sacca RE, Trottier M, et al. Prevalence and clinical implications of 
mismatch repair-proficient colorectal cancer in patients with lynch syndrome. JCO Precis Oncol 
2023;7:e2200675. [PubMed: 37262391] 

18. Ahadova A, Gallon R, Gebert J, et al. Three molecular pathways model colorectal carcinogenesis 
in Lynch syndrome. Int J Cancer 2018;143(1):139–50. [PubMed: 29424427] 

19. Valle L Lynch syndrome: a single hereditary cancer syndrome or multiple syndromes defined by 
different mismatch repair genes? Gastroenterology 2023; 165(1):20–3. [PubMed: 37142200] 

20. Dabir PD, Bruggeling CE, van der Post RS, et al. Microsatellite instability screening in colorectal 
adenomas to detect Lynch syndrome patients? A systematic review and meta-analysis. Eur J Hum 
Genet 2020;28(3):277–86. [PubMed: 31695176] 

21. Lee BCH, Robinson PS, Coorens THH, et al. Mutational landscape of normal epithelial cells in 
lynch syndrome patients. Nat Commun 2022;13(1):2710. [PubMed: 35581206] 

22. Kloor M, Huth C, Voigt AY, et al. Prevalence of mismatch repair-deficient crypt foci in Lynch 
syndrome: a pathological study. Lancet Oncol 2012;13(6):598–606. [PubMed: 22552011] 

Maoz et al. Page 12

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nccn.org/professionals/physician_gls/pdf/genetics_colon.pdf
https://www.nccn.org/professionals/physician_gls/pdf/genetics_colon.pdf


23. Pai RK, Dudley B, Karloski E, et al. DNA mismatch repair protein deficient non-neoplastic colonic 
crypts: a novel indicator of Lynch syndrome. Mod Pathol 2018;31(10): 1608–18. [PubMed: 
29884888] 

24. Ditonno I, Novielli D, Celiberto F, et al. Molecular pathways of carcinogenesis in familial 
adenomatous polyposis. Int J Mol Sci 2023;24(6).

25. Ahadova A, Stenzinger A, Seppälä T, et al. , Lynpath Investigators. Two-in-One Hit" model of 
shortcut carcinogenesis in MLH1 lynch syndrome carriers. Gastroenterology 2023; 165(1):267–
70.e4. [PubMed: 36907525] 

26. Engel C, Ahadova A, Seppälä TT, et al. , German HNPCC Consortium, the Dutch Lynch 
Syndrome Collaborative Group, Finnish Lynch Syndrome Registry. Associations of pathogenic 
variants in MLH1, MSH2, and MSH6 with risk of colorectal adenomas and tumors and with 
somatic mutations in patients with lynch syndrome. Gastroenterology 2020;158(5):1326–33. 
[PubMed: 31926173] 

27. Edelstein DL, Axilbund J, Baxter M, et al. Rapid development of colorectal neoplasia in patients 
with Lynch syndrome. Clin Gastroenterol Hepatol 2011;9(4):340–3. [PubMed: 21070872] 

28. Monahan KJ, Swinyard O, Latchford A. Biology of precancers and opportunities for 
cancer interception: lesson from colorectal cancer susceptibility syndromes. Cancer Prev Res 
2023;16(8):421–7.

29. Sánchez A, Roos VH, Navarro M, et al. Quality of colonoscopy is associated with adenoma 
detection and postcolonoscopy colorectal cancer prevention in lynch syndrome. Clin Gastroenterol 
Hepatol 2022;20(3):611–21.e9. [PubMed: 33157315] 

30. Vedantam S, Katona BW, Sussman DA, et al. Outcomes of upper endoscopy screening in Lynch 
syndrome: a meta-analysis. Gastrointest Endosc 2023;97(1):2–10.e1. [PubMed: 36084717] 

31. Kumar S, Dudzik CM, Reed M, et al. Upper endoscopic surveillance in lynch syndrome detects 
gastric and duodenal adenocarcinomas. Cancer Prev Res 2020; 13(12): 1047–54.

32. Ceravolo AH, Yang JJ, Latham A, et al. Effectiveness of a surveillance program of upper 
endoscopy for upper gastrointestinal cancers in Lynch syndrome patients. Int J Colorectal Dis 
2022;37(1):231–8. [PubMed: 34698909] 

33. Burn J, Sheth H, Elliott F, et al. , CAPP2 Investigators. Cancer prevention with aspirin 
in hereditary colorectal cancer (Lynch syndrome), 10-year follow-up and registry-based 20-
year data in the CAPP2 study: a double-blind, randomised, placebo-controlled trial. Lancet 
2020;395(10240):1855–63. [PubMed: 32534647] 

34. Burn J, Gerdes AM, Macrae F, et al. , CAPP2 Investigators. Long-term effect of aspirin on cancer 
risk in carriers of hereditary colorectal cancer: an analysis from the CAPP2 randomised controlled 
trial. Lancet 2011;378(9809):2081–7. [PubMed: 22036019] 

35. Mathers JC, Elliott F, Macrae F, et al. , CAPP2 Investigators. Cancer Prevention with Resistant 
Starch in Lynch Syndrome Patients in the CAPP2-randomized placebo controlled trial: planned 
10-year follow-up. Cancer Prev Res 2022;15(9):623–34.

36. Willis JA, Reyes-Uribe L, Chang K, et al. Immune activation in mismatch repair-deficient 
carcinogenesis: more than just mutational rate. Clin Cancer Res 2020;26(1):11–7. [PubMed: 
31383734] 

37. Le DT, Kim TW, Van Cutsem E, et al. Phase II open-label study of pembrolizumab in treatment-
refractory, microsatellite instability-high/mismatch repair-deficient metastatic colorectal cancer: 
KEYNOTE-164. J Clin Oncol 2020;38(1):11–9. [PubMed: 31725351] 

38. Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with mismatch-repair deficiency. N Engl 
J Med 2015;372(26):2509–20. [PubMed: 26028255] 

39. Harrold EC, Foote MB, Rousseau B, et al. Neoplasia risk in patients with Lynch syndrome treated 
with immune checkpoint blockade. Nat Med 2023;29(10):2458–63. [PubMed: 37845474] 

40. Sei S, Ahadova A, Keskin DB, et al. Lynch syndrome cancer vaccines: A roadmap for the 
development of precision immunoprevention strategies. Front Oncol 2023;13:1147590. [PubMed: 
37035178] 

41. Hampel H, Kalady MF, Pearlman R, et al. Hereditary colorectal cancer. Hematol Oncol Clin N Am 
2022;36(3):429–47.

Maoz et al. Page 13

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



42. Valle L, Monahan KJ. Genetic predisposition to gastrointestinal polyposis: syndromes, tumour 
features, genetic testing, and clinical management. Lancet Gastroenterol Hepatol 2024;9(1):68–82. 
[PubMed: 37931640] 

43. Sieber OM, Segditsas S, Knudsen AL, et al. Disease severity and genetic pathways in attenuated 
familial adenomatous polyposis vary greatly but depend on the site of the germline mutation. Gut 
2006;55(10):1440–8. [PubMed: 16461775] 

44. Mankaney G, Leone P, Cruise M, et al. Gastric cancer in FAP: a concerning rise in incidence. Fam 
Cancer 2017;16(3):371–6. [PubMed: 28185118] 

45. Park SY, Ryu JK, Park JH, et al. Prevalence of gastric and duodenal polyps and risk factors 
for duodenal neoplasm in korean patients with familial adenomatous polyposis. Gut Liver 
2011;5(1):46–51. [PubMed: 21461071] 

46. Jagelman DG, DeCosse JJ, Bussey HJ. Upper gastrointestinal cancer in familial adenomatous 
polyposis. Lancet 1988;1(8595):1149–51. [PubMed: 2896968] 

47. Wood LD, Salaria SN, Cruise MW, et al. Upper GI tract lesions in familial adenomatous polyposis 
(FAP): enrichment of pyloric gland adenomas and other gastric and duodenal neoplasms. Am J 
Surg Pathol 2014;38(3):389–93. [PubMed: 24525509] 

48. Attard TM, Giglio P, Koppula S, et al. Brain tumors in individuals with familial adenomatous 
polyposis: a cancer registry experience and pooled case report analysis. Cancer 2007;109(4):761–
6. [PubMed: 17238184] 

49. Chenbhanich J, Atsawarungruangkit A, Korpaisarn S, et al. Prevalence of thyroid diseases 
in familial adenomatous polyposis: a systematic review and meta-analysis. Fam Cancer 
2019;18(1):53–62. [PubMed: 29663106] 

50. Kennedy RD, Potter DD, Moir CR, et al. The natural history of familial adenomatous polyposis 
syndrome: a 24 year review of a single center experience in screening, diagnosis, and outcomes. J 
Pediatr Surg 2014;49(1):82–6. [PubMed: 24439586] 

51. Lamlum H, Ilyas M, Rowan A, et al. The type of somatic mutation at APC in familial adenomatous 
polyposis is determined by the site of the germline mutation: a new facet to Knudson’s ’two-hit’ 
hypothesis. Nat Med 1999;5(9):1071–5. [PubMed: 10470088] 

52. Borras E, San Lucas FA, Chang K, et al. Genomic Landscape of Colorectal Mucosa and 
Adenomas. Cancer Prev Res 2016;9(6):417–27.

53. Bugter JM, Fenderico N, Maurice MM. Mutations and mechanisms of WNT pathway tumour 
suppressors in cancer. Nat Rev Cancer 2021;21(1):5–21. [PubMed: 33097916] 

54. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell 1990;61(5):759–67. 
[PubMed: 2188735] 

55. Vogelstein B, Fearon ER, Hamilton SR, et al. Genetic alterations during colorectal-tumor 
development. N Engl J Med 1988;319(9):525–32. [PubMed: 2841597] 

56. Li J, Wang R, Zhou X, et al. Genomic and transcriptomic profiling of carcinogenesis in patients 
with familial adenomatous polyposis. Gut 2020;69(7):1283–93. [PubMed: 31744909] 

57. Giardiello FM, Hamilton SR, Krush AJ, et al. Treatment of colonic and rectal adenomas with 
sulindac in familial adenomatous polyposis. N Engl J Med 1993;328(18):1313–6. [PubMed: 
8385741] 

58. Ishikawa H, Mutoh M, Sato Y, et al. Chemoprevention with low-dose aspirin, mesalazine, or both 
in patients with familial adenomatous polyposis without previous colectomy (J-FAPP Study IV): 
a multicentre, double-blind, randomised, two-by-two factorial design trial. Lancet Gastroenterol 
Hepatol 2021;6(6):474–81. [PubMed: 33812492] 

59. Samadder NJ, Kuwada SK, Boucher KM, et al. Association of sulindac and erlotinib vs placebo 
with colorectal neoplasia in familial adenomatous polyposis: secondary analysis of a randomized 
clinical trial. JAMA Oncol 2018;4(5):671–7. [PubMed: 29423501] 

60. Samadder NJ, Neklason DW, Boucher KM, et al. Effect of Sulindac and erlotinib vs placebo 
on duodenal neoplasia in familial adenomatous polyposis: a randomized clinical trial. JAMA 
2016;315(12):1266–75. [PubMed: 27002448] 

61. Burke CA, Dekker E, Lynch P, et al. Eflornithine plus sulindac for prevention of progression in 
familial adenomatous polyposis. N Engl J Med 2020;383(11):1028–39. [PubMed: 32905675] 

Maoz et al. Page 14

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



62. Lin JS, Perdue LA, Henrikson NB, et al. Screening for colorectal cancer: updated evidence report 
and systematic review for the US preventive services task force. JAMA 2021 ;325(19):1978–98. 
[PubMed: 34003220] 

63. Davidson KW, Barry MJ, Mangione CM, et al. Screening for colorectal cancer: US preventive 
services task force recommendation statement. JAMA 2021;325(19):1965–77. [PubMed: 
34003218] 

64. Shaukat A, Kahi CJ, Burke CA, et al. ACG clinical guidelines: colorectal cancer screening 2021. 
Am J Gastroenterol 2021;116(3):458–79. [PubMed: 33657038] 

65. Peterse EFP, Meester RGS, Siegel RL, et al. The impact of the rising colorectal cancer incidence 
in young adults on the optimal age to start screening: Microsimulation analysis I to inform the 
American Cancer Society colorectal cancer screening guideline. Cancer 2018;124(14):2964–73. 
[PubMed: 29846933] 

66. Siegel RL, Fedewa SA, Anderson WF, et al. Colorectal cancer incidence patterns in the United 
States, 1974-2013. J Natl Cancer Inst 2017;109(8).

67. Gupta S, Lieberman D, Anderson JC, et al. Recommendations for follow-up after colonoscopy 
and polypectomy: a consensus update by the us multi-society task force on colorectal cancer. 
Gastroenterology 2020;158(4):1131–53.e5. [PubMed: 32044092] 

68. Siegel RL, Wagle NS, Cercek A, et al. Colorectal cancer statistics, 2023. CA Cancer J Clin 
2023;73(3):233–54. [PubMed: 36856579] 

69. Chung DC, Gray DM 2nd, Singh FI, et al. A cell-free DNA blood-based test for colorectal cancer 
screening. N Engl J Med 2024;390(11):973–83. [PubMed: 38477985] 

70. Imperiale TF, Porter K, Zella J, et al. , BLUE-C Study Investigators. Next-generation multitarget 
stool DNA test for colorectal cancer screening. N Engl J Med 2024;390(11):984–93. [PubMed: 
38477986] 

71. He X, Wu K, Ogino S, et al. Association between risk factors for colorectal cancer and risk of 
serrated polyps and conventional adenomas. Gastroenterology 2018;155(2):355–73.e18. [PubMed: 
29702117] 

72. Guirguis-Blake JM, Evans CV, Perdue LA, et al. Aspirin use to prevent cardiovascular disease and 
colorectal cancer: updated evidence report and systematic review for the US preventive services 
task force. JAMA 2022;327(16):1585–97. [PubMed: 35471507] 

73. Issaka RB, Chan AT, Gupta S. AGA clinical practice update on risk stratification for colorectal 
cancer screening and post-polypectomy surveillance: expert review. Gastroenterology 2023; 
165(5):1280–91. [PubMed: 37737817] 

74. Gini A, Meester RGS, Keshavarz H, et al. Cost-effectiveness of colonoscopy-based colorectal 
cancer screening in childhood cancer survivors. J Natl Cancer Inst 2019;111(11):1161–9. 
[PubMed: 30980665] 

75. Hadjiliadis D, Khoruts A, Zauber AG, et al. , Cystic Fibrosis Colorectal Cancer Screening Task 
Force. Cystic fibrosis colorectal cancer screening consensus recommendations. Gastroenterology 
2018;154(3):736–45.e14. [PubMed: 29289528] 

76. Biller LH, Ukaegbu C, Dhingra TG, et al. A multi-institutional cohort of therapy-associated 
polyposis in childhood and young adulthood cancer survivors. Cancer Prev Res 2020;13(3):291–8.

77. Eaden JA, Mayberry JF, British Society for Gastroenterology, et al. Guidelines for screening and 
surveillance of asymptomatic colorectal cancer in patients with inflammatory bowel disease. Gut 
2002;51(Suppl 5):V10–2. [PubMed: 12221032] 

78. Cottet V, Jooste V, Fournel I, et al. Long-term risk of colorectal cancer after adenoma removal: a 
population-based cohort study. Gut 2012;61(8):1180–6. [PubMed: 22110052] 

79. Erichsen R, Baron JA, Hamilton-Dutoit SJ, et al. Increased risk of colorectal cancer development 
among patients with serrated polyps. Gastroenterology 2016;150(4):895–902.e5. [PubMed: 
26677986] 

80. Uson PLS Jr, Borad MJ, Ahn D, et al. Germline cancer testing in unselected patients with gastric 
and esophageal cancers: a multi-center prospective study. Dig Dis Sci 2022;67(11):5107–15. 
[PubMed: 35122589] 

Maoz et al. Page 15

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



81. Ku GY, Kernel Y, Maron SB, et al. Prevalence of germline alterations on targeted tumor-
normal sequencing of esophagogastric cancer. JAMA Netw Open 2021;4(7):e2114753. [PubMed: 
34251444] 

82. Yap TA, Ashok A, Stoll J, et al. Prevalence of germline findings among tumors from cancer 
types lacking hereditary testing guidelines. JAMA Netw Open 2022;5(5):e2213070. [PubMed: 
35594047] 

83. Petrovchich I, Ford JM. Genetic predisposition to gastric cancer. Semin Oncol 2016;43(5):554–9. 
[PubMed: 27899187] 

84. Hansford S, Kaurah P, Li-Chang H, et al. Hereditary diffuse gastric cancer syndrome: CDH1 
mutations and beyond. JAMA Oncol 2015;1(1):23–32. [PubMed: 26182300] 

85. Blair VR, McLeod M, Carneiro F, et al. Hereditary diffuse gastric cancer: updated clinical practice 
guidelines. Lancet Oncol 2020;21(8):e386–97. [PubMed: 32758476] 

86. Roberts ME, Ranola JMO, Marshall ML, et al. Comparison of CDH1 penetrance estimates in 
clinically ascertained families vs families ascertained for multiple gastric cancers. JAMA Oncol 
2019;5(9):1325–31. [PubMed: 31246251] 

87. Huynh JM, Laukaitis CM. Panel testing reveals nonsense and missense CDH1 mutations in 
families without hereditary diffuse gastric cancer. Mol Genet Genomic Med 2016;4(2):232–6. 
[PubMed: 27064202] 

88. Lowstuter K, Espenschied CR, Sturgeon D, et al. Unexpected CDH1 mutations identified on 
multigene panels pose clinical management challenges. JCO Precis Oncol 2017;1:1–12.

89. Coudert M, Drouet Y, Delhomelle H, et al. First estimates of diffuse gastric cancer risks for 
carriers of CTNNA1 germline pathogenic variants. J Med Genet 2022;59(12):1189–95. [PubMed: 
36038258] 

90. Benusiglio PR, Colas C, Guillerm E, et al. Clinical implications of CTNNA1 germline mutations in 
asymptomatic carriers. Gastric Cancer 2019;22(4):899–903. [PubMed: 30515673] 

91. Lobo S, Benusiglio PR, Coulet F, et al. Cancer predisposition and germline CTNNA1 variants. Eur 
J Med Genet 2021;64(10):104316. [PubMed: 34425242] 

92. Majewski IJ, Kluijt I, Cats A, et al. An α-E-catenin (CTNNA1) mutation in hereditary diffuse 
gastric cancer. J Pathol 2013;229(4):621–9. [PubMed: 23208944] 

93. Network NCC. NCCN clinical practice guidelines in oncology (NCCN guidelines®): gastric 
cancer. Version 2.2023. 2023. Available at: https://www.nccn.org/professionals/physician_gls/pdf/
gastric.pdf.

94. Asif B, Sarvestani AL, Gamble LA, et al. Cancer surveillance as an alternative to prophylactic 
total gastrectomy in hereditary diffuse gastric cancer: a prospective cohort study. Lancet Oncol 
2023;24(4):383–91. [PubMed: 36990610] 

95. Lee CYC, Olivier A, Honing J, et al. Endoscopic surveillance with systematic random biopsy for 
the early diagnosis of hereditary diffuse gastric cancer: a prospective 16-year longitudinal cohort 
study. Lancet Oncol 2023;24(1):107–16. [PubMed: 36509094] 

96. van der Post RS, Vogelaar IP, Carneiro F, et al. Hereditary diffuse gastric cancer: updated clinical 
guidelines with an emphasis on germline CDH1 mutation carriers. J Med Genet 2015;52(6):361–
74. [PubMed: 25979631] 

97. Ellis A, Risk JM, Maruthappu T, et al. Tylosis with oesophageal cancer: Diagnosis, management 
and molecular mechanisms. Orphanet J Rare Dis 2015;10:126. [PubMed: 26419362] 

98. Blaydon DC, Etheridge SL, Risk JM, et al. RHBDF2 mutations are associated with tylosis, a 
familial esophageal cancer syndrome. Am J Hum Genet 2012;90(2):340–6. [PubMed: 22265016] 

99. Ellis A, Field JK, Field EA, et al. Tylosis associated with carcinoma of the oesophagus and oral 
leukoplakia in a large Liverpool family–a review of six generations. Eur J Cancer B Oral Oncol 
1994;30b(2):102–12. [PubMed: 8032299] 

100. Sugrañes TA, Flanagan M, Thomas C, et al. Age of first cancer diagnosis and survival in Bloom 
syndrome. Genet Med 2022;24(7):1476–84. [PubMed: 35420546] 

101. Rosenberg PS, Socié G, Alter BP, et al. Risk of head and neck squamous cell cancer and death in 
patients with Fanconi anemia who did and did not receive transplants. Blood 2005;105(1):67–73. 
[PubMed: 15331448] 

Maoz et al. Page 16

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf


102. Network NCC. NCCN clinical practice guidelines in oncology (NCCN Guidelines®): esophageal 
and esophagogastric junction cancers. Version 3.2023. 2023. Available at: https://www.nccn.org/
professionals/physician_gls/pdf/esophageal.pdf.

103. Lee M, Eng G, Handte-Reinecker A, et al. Germline determinants of esophageal adenocarcinoma. 
Gastroenterology 2023;165(5):1276–9.e7. [PubMed: 37507074] 

104. Jencks DS, Adam JD, Borum ML, et al. Overview of current concepts in gastric intestinal 
metaplasia and gastric cancer. Gastroenterol Hepatol (N Y) 2018;14(2):92–101. [PubMed: 
29606921] 

105. Gupta S, Li D, El Serag HB, et al. AGA clinical practice guidelines on management of gastric 
intestinal metaplasia. Gastroenterology 2020;158(3):693–702. [PubMed: 31816298] 

106. Altayar O, Davitkov P, Shah SC, et al. AGA technical review on gastric intestinal metaplasia-
epidemiology and risk factors. Gastroenterology 2020;158(3):732–44.e16. [PubMed: 31816301] 

107. Gawron AJ, Shah SC, Altayar O, et al. AGA technical review on gastric intestinal metaplasia-
natural history and clinical outcomes. Gastroenterology 2020;158(3):705–31.e5. [PubMed: 
31816300] 

108. Shin WS, Xie F, Chen B, et al. Updated epidemiology of gastric cancer in asia: decreased 
incidence but still a big challenge. Cancers (Basel) 2023;15(9).

109. Zhang X, Li M, Chen S, et al. Endoscopic screening in asian countries is associated with 
reduced gastric cancer mortality: a meta-analysis and systematic review. Gastroenterology 
2018;155(2):347–54.e9. [PubMed: 29723507] 

110. Gupta S, Tao L, Murphy JD, et al. Race/ethnicity-socioeconomic status-and anatomic subsite-
specific risks for gastric cancer. Gastroenterology 2019;156(1):59–62.e4. [PubMed: 30267713] 

111. BARRETT NR. Chronic peptic ulcer of the oesophagus and ’oesophagitis’. Br J Surg 
1950;38(150):175–82. [PubMed: 14791960] 

112. Shaheen NJ, Falk GW, Iyer PG, et al. Diagnosis and management of barrett’s esophagus: an 
updated ACG guideline. Am J Gastroenterol 2022;117(4):559–87. [PubMed: 35354777] 

113. Winters C, Spurling TJ, Chobanian SJ, et al. Barrett’s esophagus. A prevalent, occult 
complication of gastroesophageal reflux disease. Gastroenterology 1987;92(1):118–24. 
[PubMed: 3781178] 

114. Qumseya BJ, Bukannan A, Gendy S, et al. Systematic review and meta-analysis of prevalence 
and risk factors for Barrett’s esophagus. Gastrointest Endosc 2019;90(5):707–17.e1. [PubMed: 
31152737] 

115. Souza RF, Spechler SJ. Mechanisms and pathophysiology of Barrett oesophagus. Nat Rev 
Gastroenterol Hepatol 2022;19(9):605–20. [PubMed: 35672395] 

116. Hirota WK, Loughney TM, Lazas DJ, et al. Specialized intestinal metaplasia, dysplasia, 
and cancer of the esophagus and esophagogastric junction: prevalence and clinical data. 
Gastroenterology 1999;116(2):277–85. [PubMed: 9922307] 

117. Cameron AJ, Zinsmeister AR, Ballard DJ, et al. Prevalence of columnar-lined (Barrett’s) 
esophagus. Comparison of population-based clinical and autopsy findings. Gastroenterology 
1990;99(4):918–22. [PubMed: 2394347] 

118. Ormsby AH, Kilgore SP, Goldblum JR, et al. The location and frequency of intestinal metaplasia 
at the esophagogastric junction in 223 consecutive autopsies: implications for patient treatment 
and preventive strategies in Barrett’s esophagus. Mod Pathol 2000;13(6):614–20. [PubMed: 
10874664] 

119. Gerson LB, Shetler K, Triadafilopoulos G. Prevalence of Barrett’s esophagus in asymptomatic 
individuals. Gastroenterology 2002;123(2):461–7. [PubMed: 12145799] 

120. Ward EM, Wolfsen HC, Achem SR, et al. Barrett’s esophagus is common in older men and 
women undergoing screening colonoscopy regardless of reflux symptoms. Am J Gastroenterol 
2006;101(1):12–7. [PubMed: 16405528] 

121. Cook MB, Coburn SB, Lam JR, et al. Cancer incidence and mortality risks in a large US Barrett’s 
oesophagus cohort. Gut 2018;67(3):418–529. [PubMed: 28053055] 

122. Rastogi A, Puli S, El-Serag HB, et al. Incidence of esophageal adenocarcinoma in patients 
with Barrett’s esophagus and high-grade dysplasia: a meta-analysis. Gastrointest Endosc 
2008;67(3):394–8. [PubMed: 18045592] 

Maoz et al. Page 17

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf
https://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf


123. Wang A, Mattek NC, Holub JL, et al. Prevalence of complicated gastroesophageal reflux 
disease and Barrett’s esophagus among racial groups in a multi-center consortium. Dig Dis Sci 
2009;54(5):964–71. [PubMed: 19255852] 

124. Katz PO, Dunbar KB, Schnoll-Sussman FH, et al. ACG clinical guideline for the diagnosis 
and management of gastroesophageal reflux disease. Am J Gastroenterol 2022;117(1):27–56. 
[PubMed: 34807007] 

125. Spechler SJ, Sharma P, Souza RF, et al. American Gastroenterological Association 
medical position statement on the management of Barrett’s esophagus. Gastroenterology 
2011;140(3):1084–91. [PubMed: 21376940] 

126. Qumseya B, Sultan S, Bain P, et al. , ASGE Standards of Practice Committee Chair. 
ASGE guideline on screening and surveillance of Barrett’s esophagus. Gastrointest Endosc 
2019;90(3):335–59.e2. [PubMed: 31439127] 

127. Sharma P, Shaheen NJ, Katzka D, et al. AGA clinical practice update on endoscopic treatment 
of barrett’s esophagus with dysplasia and/or early cancer: expert review. Gastroenterology 
2020;158(3):760–9. [PubMed: 31730766] 

128. Shah SL, Dunbar K. Revisiting proton pump inhibitors as chemoprophylaxis against the 
progression of barrett’s esophagus. Curr Gastroenterol Rep 2023;25(12):374–9. [PubMed: 
37940812] 

129. Yurgelun MB, Chittenden AB, Morales-Oyarvide V, et al. Germline cancer susceptibility gene 
variants, somatic second hits, and survival outcomes in patients with resected pancreatic cancer. 
Genet Med 2019;21(1):213–23. [PubMed: 29961768] 

130. Hu C, Hart SN, Polley EC, et al. Association between inherited germline mutations in cancer 
predisposition genes and risk of pancreatic cancer. JAMA 2018;319(23):2401–9. [PubMed: 
29922827] 

131. Shindo K, Yu J, Suenaga M, et al. Deleterious germline mutations in patients with apparently 
sporadic pancreatic adenocarcinoma. J Clin Oncol 2017;35(30):3382–90. [PubMed: 28767289] 

132. Aslanian HR, Lee JH, Canto MI. AGA clinical practice update on pancreas cancer screening 
in high-risk individuals: expert review. Gastroenterology 2020;159(1):358–62. [PubMed: 
32416142] 

133. Network NCC. NCCN clinical practice guidelines in oncology (NCCN Guidelines®): 
genetic/familial high-risk assessment: breast, ovarian, and pancreatic. version 2.2024 — 
September 27, 2023. 2023. Available at: https://www.nccn.org/professionals/physician_gls/pdf/
genetics_bop.pdf.

134. Wood LD, Yurgelun MB, Goggins MG. Genetics of familial and sporadic pancreatic cancer. 
Gastroenterology 2019;156(7):2041–55. [PubMed: 30660730] 

135. Seppälä TT, Burkhart RA, Katona BW. Hereditary colorectal, gastric, and pancreatic cancer: 
comprehensive review. BJS Open 2023;7(3):zrad023. [PubMed: 37165697] 

136. Semaan A, Bernard V, Wong J, et al. Integrated molecular characterization of intraductal 
papillary mucinous neoplasms: An NCI cancer moonshot precancer atlas pilot project. Cancer 
Res Commun 2023;3(10):2062–73. [PubMed: 37721516] 

137. Dbouk M, Katona BW, Brand RE, et al. The multicenter cancer of pancreas screening study: 
impact on stage and survival. J Clin Oncol 2022;40(28):3257–66. [PubMed: 35704792] 

138. Lennon AM, Wolfgang CL, Canto MI, et al. The early detection of pancreatic cancer: what 
will it take to diagnose and treat curable pancreatic neoplasia? Cancer Res 2014;74(13):3381–9. 
[PubMed: 24924775] 

139. MI Canto, Kerdsirichairat T, Yeo CJ, et al. Surgical outcomes after pancreatic resection 
of screening-detected lesions in individuals at high risk for developing pancreatic cancer. J 
Gastrointest Surg 2020;24(5):1101–10. [PubMed: 31197699] 

140. Yurgelun MB. Building on more than 20 years of progress in pancreatic cancer surveillance for 
high-risk individuals. J Clin Oncol 2022;40(28):3230–4. [PubMed: 35862875] 

141. Lucas AL, Fu Y, Labiner AJ, et al. Frequent abnormal pancreas imaging in patients with 
pathogenic ATM, BRCA1, BRCA2, and PALB2 breast cancer susceptibility variants. Clin 
Gastroenterol Flepatol 2023;21(10):2686–8.e2.

Maoz et al. Page 18

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf
https://www.nccn.org/professionals/physician_gls/pdf/genetics_bop.pdf


142. Shah I, Silva-Santisteban A, Germansky KA, et al. Pancreatic cancer screening for at-risk 
individuals (pancreas scan study): yield, harms, and outcomes from a prospective multicenter 
study. Am J Gastroenterol 2023;118(9):1664–70. [PubMed: 37141538] 

143. Calderwood AH, Sawhney MS, Thosani NC, et al. American Society for Gastrointestinal 
Endoscopy guideline on screening for pancreatic cancer in individuals with genetic susceptibility: 
methodology and review of evidence. Gastrointest Endosc 2022;95(5):827–54.e3. [PubMed: 
35183359] 

144. Paiella S, Salvia R, De Pastena M, et al. Screening/surveillance programs for pancreatic cancer 
in familial high-risk individuals: A systematic review and proportion meta-analysis of screening 
results. Pancreatology 2018;18(4):420–8. [PubMed: 29709409] 

145. Haidar SD, Vilar E, Maitra A, et al. Worth a pound of cure? emerging strategies and challenges in 
cancer immunoprevention. Cancer Prev Res 2023;16(9):483–95.

146. Fonseca AL, Kirkwood K, Kim MP, et al. Intraductal papillary mucinous neoplasms of the 
pancreas: current understanding and future directions for stratification of malignancy risk. 
Pancreas 2018;47(3):272–9. [PubMed: 29424809] 

147. Lee KS, Sekhar A, Rofsky NM, et al. Prevalence of incidental pancreatic cysts in the adult 
population on MR imaging. Am J Gastroenterol 2010;105(9):2079–84. [PubMed: 20354507] 

148. Laffan TA, Horton KM, Klein AP, et al. Prevalence of unsuspected pancreatic cysts on MDCT. 
AJR Am J Roentgenol 2008;191(3):802–7. [PubMed: 18716113] 

149. Crippa S, Fernández-Del Castillo C, Salvia R, et al. Mucin-producing neoplasms of the pancreas: 
an analysis of distinguishing clinical and epidemiologic characteristics. Clin Gastroenterol 
Hepatol 2010;8(2):213–9. [PubMed: 19835989] 

150. Tanaka M, Fernández-Del Castillo C, Kamisawa T, et al. Revisions of international 
consensus Fukuoka guidelines for the management of IPMN of the pancreas. Pancreatology 
2017;17(5):738–53. [PubMed: 28735806] 

151. Elta GH, Enestvedt BK, Sauer BG, et al. ACG clinical guideline: diagnosis and management of 
pancreatic cysts. Am J Gastroenterol 2018;113(4):464–79. [PubMed: 29485131] 

152. Vege SS, Ziring B, Jain R, et al. American gastroenterological association institute guideline on 
the diagnosis and management of asymptomatic neoplastic pancreatic cysts. Gastroenterology 
2015;148(4):819–22, quize12–3. [PubMed: 25805375] 

153. Pancreas ESGoCTot. European evidence-based guidelines on pancreatic cystic neoplasms. Gut 
2018;67(5):789–804. [PubMed: 29574408] 

154. Ohtsuka T, Fernandez-Del Castillo C, Furukawa T, et al. International evidence-based Kyoto 
guidelines for the management of intraductal papillary mucinous neoplasm of the pancreas. 
Pancreatology 2023;24(2):255–70. [PubMed: 38182527] 

Maoz et al. Page 19

Hematol Oncol Clin North Am. Author manuscript; available in PMC 2024 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



KEY POINTS

• Many gastrointestinal cancers arise from detectable precursor lesions, 

presenting an opportunity for cancer prevention and interception.

• Hereditary cancer syndromes inform our understanding of cancer 

development and progression, as well as the management of cancer precursor 

lesions.

• Further research is needed to advance chemoprevention and 

immunoprevention strategies for individuals with hereditary cancer 

syndromes and individuals with nonhereditary cancer precursor lesions.
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CLINICS CARE POINTS

• Hereditary cancer syndromes predispose to a variety of GI malignancies and 

precursor lesions. Screening, surveillance, and management recommendations 

differ based on the gene in which a germline pathogenic variant is identified, 

as well as clinical factors.

• LS is the most common GI cancer hereditary syndrome. LS increases the risk 

of malignancy in multiple GI organs, requiring multimodality surveillance, 

often at an early age. LS-specific cancer prevention with aspirin and resistant 

starch has been shown to be effective.

• Predisposition to gastric cancer is particularly high in HDGC syndrome. 

Prophylactic gastrectomy should be considered in young adulthood.

• The most common hereditary cancer syndromes, including LS and BRCA1/2-

associated hereditary breast and ovarian cancers, also predispose to pancreatic 

cancer. Pancreatic cancer surveillance can detect cancer at earlier stages, 

leading to favorable long-term outcomes, but these encouraging results have 

only been demonstrated for high-risk populations undergoing screening at 

specialized centers.

• Multiple hereditary syndromes lead to colonic polyposis, with varying 

malignancy risk of extracolonic and extra-GI tract organs.

• Precursor lesions of the GI tract, including colorectal polyps, BE, GIM, and 

IPMNS, can occur in the absence of a diagnosed hereditary cancer syndrome, 

and warrant specialized surveillance and management.
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Fig. 1. 
LS colorectal cancer development and progression differs across MMR genes. Most 

LS-associated colorectal cancers are thought to arise via early acquisition of somatic 

MMRD, followed by progression to MMRD adenoma and carcinoma. In MLH1-LS, direct 

progression to carcinoma without an intermediate adenoma phase may occur. MMRD can 

also be acquired after an adenoma has developed. In a minority of cases, MMR-proficient 

adenomas may progress to MMR-proficient adenocarcinomas, particularly in MSH6-LS and 

PMS2-LS. Figure created with BioRender.com.
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Fig. 2. 
Recommendations for timing of surveillance colonoscopy after polypectomy of an adenoma 

or SSP. aHigh quality colonoscopy as defined by the 2020 US Multi-Society Task Force 

on Colorectal Cancer (Adapted with permission from Elsevier: Gupta S, Lieberman D, 

Anderson JC, et al. Recommendations for Follow-Up After Colonoscopy and Polypectomy: 

A Consensus Update by the US Multi-Society Task Force on Colorectal Cancer. Gastrointest 

Endosc. 2020;91(3):463-485.e5. https://doi.org/10.1016/j.gie.2020.01.014. Please refer to 

the US Multi-Society Task Force on Colorectal Cancer for additional recommendations on 

follow-up colonoscopy for hyperplastic polyps.)
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