
CLINICAL AND SYSTEMATIC REVIEWS

© 2017 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

1509

R
E

V
IE

W

CLINICAL AND SYSTEMATIC REVIEWS

       INTRODUCTION

  Colorectal cancer (CRC) is the third most common cancer 

and second leading cause of death in both men and women in 

United States ( 1 ). Hereditary CRCs occurring due to mutations 

and defects in certain genes makes up roughly 5% of all CRC. 

Another 25–30% of CRC patients may have a family member with 

a diagnosis of CRC in the absence of any known genetic altera-

tions. High-risk hereditary predisposition syndromes have been 

associated with a 70–100% lifetime risk for development of CRCs 

and many syndromes carry an increased risk for extra-intestinal 

malignancies. Given the substantial cancer risk, patients with 

these mutations are recommended to follow increased surveil-

lance and comprehensive management protocols when compared 

to the general population with an average CRC risk profi le. Th e 

role of genetic counseling becomes immensely signifi cant in man-

aging these patients.

  Th e aim of this review is to provide comprehensive literature 

on most commonly encountered hereditary CRCs and polyposis 

syndromes including Lynch syndrome (LS), familial adenomatous 

polyposis (FAP), MUTYH-associated polyposis (MAP), serrated 

polyposis syndrome (SPS), and other hamartomatous polyposis 

conditions. We also highlight the evidence supporting the use 

of endoscopy and potential chemoprevention strategies for the 

reduction of CRC. An insight into the best utilization of the genetic 

counseling service is discussed to provide busy clinicians with tools 

to work tandemly with genetic specialists in optimal management 

of this high-risk population. Many of the recommendations in this 

paper are based on the National Comprehensive Cancer Network 

(NCCN) guidelines ( 2 ).

   Lynch syndrome

   Overview  .     LS accounts for ~2–4% of all CRCs and is the most 

common cause of hereditary colon cancer ( 3 ). LS also confers an 

increased risk for extra-colonic cancers such as that of the endo-

metrium, ovaries, stomach, small intestine, hepatobiliary tract, 

urinary tract, and central nervous system. Th e lifetime estimated 

risk of CRC ranges from 50 to 80% followed by the second highest 

risk of 40 to 60% for endometrial cancer ( 4 ). Th e prevalence of LS 

is expected to be 1 in 440 ( 5 ).  Table   1   describes the lifetime risks to 

develop the above mentioned cancers in individuals with LS. Th e 

prospective LS database now provides the most accurate estimates 

of cancer risks, according to their age, gender and the underlying 

gene ( http://lscarisk.org/ ).

    Genetics  .     LS is an autosomal dominant condition that occurs due 

to dysfunction in DNA mismatch repair (MMR). Th is is caused 

by mutations in one of fi ve genes:  MLH1 ,  MSH2 ,  MSH6 ,  PMS2 , 

 and EPCAM . As DNA replicates, it produces errors that may in-

clude single nucleotide mismatch, insertions, and deletion loops 

( 6 ). Th e function of the MMR gene system is to assess and main-

tain the fi delity of DNA by correcting areas of DNA replication 

errors. Mutations in  MLH1  and  MSH2  account for ~70% of cases 

of LS. Mutations in  MSH6  cause up to 14% and PMS2 mutations 

contribute <15% of LS cases ( 7,8 ). Most of the data regarding 
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 Table 1  .     Cancer risks, genes associated and recommendations for management of hereditary CRC syndromes 

  Syndrome    Gene(s)    Lifetime cancer risks    % (95% CI)    Screening/surveillance    Preventative surgery  

 Lynch syndrome  MSH2 ( 10 )  Colorectum  49 (29–85)  Colonoscopy every 1–2 years 

starting at age 20–25 years 

 Consider prophylactic 

hysterec tomy once child 

bearing complete 

   EPCAM  Endometrium  57 (22–82)  Consider upper endoscopy every 

3–5 years, starting at age 30–35 

years 

  

     Stomach  11–19  Consider endometrial cancer 

screening 

  

     Ovary  20 (1–66)     

     Hepatobiliary  2–7     

     Upper urinary tract  4–5     

     Pancreas  3–4     

     Small bowel  1–4     

     CNS (glioblastoma)  1–3     

   MLH1( 10 )  Colorectum  52 (31–90)  Colonoscopy every 1–2 years 

starting at age 20–25 years 

 Consider prophylactic 

hysterectomy once child 

bearing complete 

     Endometrium  21 (9–82)  Consider upper endoscopy every 

3–5 years, starting at age 30–35 

years 

  

     Stomach  11–19  Consider endometrial cancer 

screening 

  

     Ovary  38 (3–81)     

     Hepatobiliary  2–7     

     Upper urinary tract  4–5     

     Pancreas  3–4     

     Small bowel  1–4     

     CNS (glioblastoma)  1–3     

 Lynch syndrome  MSH6 ( 10 )  Colorectum  18 (13–30)  Colonoscopy every 1–2 years 

starting at age 20–25 years 

 Consider prophylactic 

hysterectomy once child 

bearing complete 

     Endometrium  17 (8–47)  Consider upper endoscopy every 

3–5 years, starting at age 30–35 

years 

  

     Stomach  ≤3  Consider endometrial cancer 

screening 

  

     Ovary  1(0–3)     

     Urinary tract  <1     

 Lynch syndrome  PMS2 ( 11 )  Colorectum  15–20  Colonoscopy every 1–2 years 

starting at age 20–25 years 

 Consider prophylactic 

hysterectomy once child 

bearing complete 

     Endometrium  15  Consider upper endoscopy every 

3–5 years, starting at age 30–35 

years 

  

         Consider endometrial cancer 

screening 

  

 FAP: Classic  APC ( 54,167,168 )  Colorectum  100  Colonoscopy every 1–2 years 

starting at age 10–12 years 

 Consideration for colectomy 

when polyp burden too great 

for endoscopic control 

     Duodenum/periampullary  4–12  Upper endoscopy every 1–3 years 

starting at age 18–25 years 

  

Table 1 continued on following page
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these cancer risks are derived from studies involving the Cauca-

sian population, though similar cumulative risks of cancer have 

also been noted in the African–American population ( 9 ).  MLH1  

and  MSH2  mutations confer an elevated risk of cancer develop-

ment when compared to  MSH6  and  PMS2  ( 10,11 ). Epithelial cell 

adhesion molecule ( EPCAM ), another gene associated with LS, 

does not belong to the MMR gene family but a germline dele-

tion of this gene leads to inactivation of  MSH2  in about 1–3% of 

individuals with LS ( 12,13 ). Recent literature also suggests that 

this  EPCAM  deletion may primarily cause CRC with less evidence 

of development of extra-colonic cancers ( 14,15 ).

    Diagnosis  .     Given the high risk of developing CRC and extra-

colonic cancers, early detection of patients carrying a gene 

mutation associated with LS is critical. Routine use of the 

Amsterdam and revised Bethesda criteria is recommended in 

 Table 1  .     Continued 

  Syndrome    Gene(s)    Lifetime cancer risks    % (95% CI)    Screening/surveillance    Preventative surgery  

     Stomach  <1  Consider thyroid ultrasound   

     Pancreas  2     

     Thyroid  1–2     

     Liver (hepatoblastoma)  1–2     

     CNS (medulloblastoma)  <1     

 FAP: Attenuated  APC ( 54,55,

58,169–171 ) 

 Colorectum  70  Colonoscopy every 1–2 years, 

starting at age 20–25 years 

 Consideration for colectomy 

when polyp burden too great 

for endoscopic control 

     Duodenum/Periampullary  4–12  Upper endoscopy every 1–3 years   

     Thyroid  1–2  Consider thyroid ultrasound   

 MAP  MUTYH ( 54,58,113,

115,123,172,173 ) 

 Colorectum  80  Colonoscopy every 1–2 years, 

starting at age 20–25 years 

 Consideration for colectomy 

when polyp burden too great 

for endoscopic control 

     Duodenum  4     

 PJS  STK11( 54,140,174 )  Breast  54  Upper endoscopy every 2–3 years 

starting in late teens 

  

     Colorectum  39  Small bowel screening (CT/MR 

enterography, small bowel follow-

through, capsule endoscopy) every 

1–3 years starting at 8–10 years 

  

     Pancreas  11–36  Colonoscopy every 2–3 year, 

starting in late teens 

  

     Stomach  29  Pancreas screening (MRCP or 

EUS) every 1–2 years, starting at 

age 25–30 years 

  

     Ovary  21  Mammogram and breast MRI 

yearly, starting at age 25 years 

  

     Lung  15  Testicular examination/ultrasound 

yearly, starting age 10 years 

  

     Small bowel  13  Transvaginal ultrasound, yearly, 

starting at age 18 years 

  

     Uterine/cervix  9–10     

     Testicle  <1     

 JPS  SMAD4 

( 54,127,175–177 ) 

 Colorectum  39  Upper endoscopy every 1–3 years 

starting at age 15 years 

  

   BMPR1A  Stomach, pancreas and 

small bowel 

 21  Colonoscopy every 1–3 years 

starting at age 15 years 

  

 SPS  Unknown 

( 143,153,178 ) 

 Colorectum  16–42  Colonoscopy every 1–3 years   

 APC, Adenomatous Polyposis Coli gene; CI, confi dence interval; CNS, central nervous system; CT, computed tomography; EPCAM, epithelial cell adhesion molecule; EUS, 

endoscopic ultrasound; FAP, familial adenomatous polyposis; JPS, juvenile polyposis syndrome; MAP, MUTYH-associated polyposis; MRCP, magnetic resonance cholan-

giography and pancreatography; MRI, magnetic resonance imaging; PJS, Peutz–Jeghers syndrome; SPS, serrated polyposis syndrome. 
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of the adenocarcinoma to evaluate for the expression of the pro-

teins created by the MMR genes ( MLH1 ,  MSH2 ,  MSH6 , and 

 PMS2 ). Testing of adenomas is generally avoided due to the high 

risk of false negative results. If immunohistochemistry staining is 

abnormal, germline testing can be targeted to the gene associated 

with the absent protein. Depending on the results, refl ex to BRAF 

and/or methylation testing may be indicated. NCCN guidelines 

provide a table for testing strategy dependent upon tumor testing 

results. 90% of LS associated CRCs are microsatellite high (MSI-H) 

tumors whereas around 15% of sporadic CRC could be MSI-H. A 

recent Dutch study tested tumor tissue of over 1100 CRC patients 

for MSI status, immunohistochemistry analysis for MMR protein 

expression and for MLH-1 hypermethylation. Th e study detected 

23 LS patients and was found to be cost eff ective for identifying LS 

patients and their families ( 19 ). Although no guidelines currently 

exist regarding universal screening for LS in patients diagnosed 

with endometrial cancer, studies have found molecular screening 

of endometrial cancer to be eff ective in identifying LS ( 20–23 ). 

Current guidelines suggest testing every CRC for MSI or immuno-

histochemistry to identify LS-related cancers ( 16 ). Data also sug-

gest universal screening for LS could be a cost eff ective strategy 

( 24 ). With the continually decreasing cost of next generation DNA 

sequencing, companies have introduced “panels” of multiple genes 

clinical practice to diagnose and/or identify at-risk patients and 

those who warrant additional evaluation (either via tumor tis-

sue testing or germline testing) for LS ( Table 2 ) ( 16 ). Risk pre-

diction tools are also available to identify patients with possible 

LS. PREMM( 
1,2,6

 ), MMRpro and MMRpredict are frequently used 

models that use personal and family history of cancer to esti-

mate a patient’s risk of carrying a mutation in one of the LS genes 

( 16,17 ). A study by Kastrinos  et al.  ( 18 ) distributed a brief yes/

no questionnaire to patients before colonoscopy that appears to 

be eff ective in quickly identifying patients with an increased risk 

of CRC. Th e fi nal validated questions from this tool include: (a) 

Do you have a fi rst-degree relative with any of the following con-

ditions diagnosed before age 50? Colon or rectal cancer AND/

OR cancer of the uterus, ovary, stomach, small intestine, urinary 

tract (kidney, ureter, and bladder) bile ducts, pancreas, or brain 

(b) Have you had any of the following conditions diagnosed un-

der 50? Colon or rectal cancer AND/OR polyps (c) Do you have 

3 or more relatives with a history of colon or rectal cancer? Th is 

tool could be especially useful in a busy primary care practice or 

outpatient endoscopy setting to capture patients and families with 

potential LS or other hereditary CRC syndrome.

  Tumor tissue screening for LS includes testing for micro satellite 

instability (MSI) status and/or immunohistochemistry staining 

 Table 2  .     Diagnostic guidelines for Lynch syndrome 

  Criteria Name    Criteria specifi cs  

  Amsterdam  

  Amsterdam I  Three relatives with colorectal cancer (CRC); all of the following criteria should be present: 

    a) one of which is a fi rst-degree relative of the other two 

    b) colorectal cancer affecting more than one generation 

    c) at least one colorectal cancer diagnosed before age 50 years 

    d) familial adenomatous polyposis should be excluded 

    e) tumors should be verifi ed by pathologic examination 

  Amsterdam II  Three relatives with Lynch syndrome-related a  cancers; all of the following criteria should be present: 

    a) One of which is a fi rst-degree relative of the other two; 

    b) LS-related cancer affecting more than one generation; 

    c) At least one LS-related cancer diagnosed before age 50 years 

    d) Familial adenomatous polyposis should be excluded 

    e) Tumors should be verifi ed by pathologic examination 

 Revised Bethesda criteria  Tumors from individuals should be tested for microsatellite instability (MSI) in the following situations: 

    a) CRC diagnosed in a patient who is younger than 50 years of age 

    b) Presence of synchronous, or metachronous, colorectal or other LS-related tumors; regardless of age 

    c) CRC with MSI-high histology diagnosed in a patient who is younger than 60 years of age 

     d) CRC diagnosed in a patient with one or more fi rst-degree relatives with a LS-related cancer, with one of the cancers being 

diagnosed under age 50 years; 

    e) CRC diagnosed in a patient with two or more fi rst- or second-degree relatives with LS-related cancer regardless of age 

 CNS, central nervous system; CRC, colorectal cancer; GI, gastrointestinal; LS, Lynch syndrome; MSI, microsatellite instability. 

 LS-related a  cancer sites included the colon, rectum, endometrium, gastric, ovary (including fallopian), sebaceous gland adenomas/carcinoma, small bowel, ureteric/renal 

pelvis, or CNS gliomas (including glioblastoma and astrocytoma). 
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involved in colorectal or gastrointestinal cancers that can be com-

pleted for a similar price to single-gene testing historically. Evalu-

ation of multiple genes introduces unique complexity including a 

higher probability of identifying variants of uncertain signifi cance. 

Without proper background, this result may cause unnecessary 

concern or anxiety on the part of the clinician and/or patient. Also 

multi-gene panel testing may identify an otherwise unsuspected 

pathogenic mutation in a gene not consistent with the patient’s 

medical or family history. Nevertheless, many genetics clinics 

continue to utilize multi-gene panel testing for at-risk individu-

als instead of relying solely on tumor or single-gene testing. Th is 

is due to several reasons including cost-eff ectiveness and effi  cient 

use of clinical time.

  Constitutional mismatch repair defi ciency is a rare syndrome 

caused by biallelic mutations in the MMR genes ( MLH1 ,  MSH2 , 

 MSH6 , and  PMS2 ) ( 25 ). Th ese mutations can lead to the devel-

opment of various malignancies including hematologic, central 

nervous system, and other LS associated tumors.  PMS2  is the most 

frequently mutated gene and other MMR genes contribute up to 

40% of cases ( 26 ). Th e malignancies usually occur early during 

childhood ( 25 ). Café-au-lait spots and skin-fold freckling are the 

typical skin lesions and patients with these fi ndings and a suspi-

cious personal or family history of polyposis or CRC should be 

evaluated for constitutional mismatch repair defi ciency. Individu-

als with a monoallelic MMR mutation should continue to follow 

LS screening guidelines.

    Colorectal surveillance and management  .     Th ere are substantial 

data describing reduction in CRC incidence and/or mortality 

in LS patients undergoing recommended surveillance ( 27–31 ). 

Jarvinen  et al. ’s ( 27 ) prospective study from Finland followed 252 

fi rst-degree relatives of LS patients for 15 years and showed up to 

62% reduction in CRC incidence and 65% reduction in overall 

mortality.

  Colon cancer surveillance by colonoscopy is recommended for 

all individuals with a confi rmed molecular diagnosis of LS and 

this screening should begin by 20–25 years of age (3). A study by 

Vasen  et al.  ( 30 ) followed 205 LS families and showed lower risk of 

CRC development when a colonoscopy interval of 1–2 years was 

followed as compared to screening in 2–3 year intervals. NCCN 

guidelines recommend surveillance colonoscopy every 1–2 years 

in confi rmed mutation carriers. Given the comparatively lower 

cancer risk in patients with  MSH6  and  PMS2  mutations, surveil-

lance starting at age 25–30 years may be considered for patients 

with germline mutations in these two genes ( 4 ).

  A recent large prospective multicenter study suggested revised 

cancer risk estimates for LS mutation carriers ( 32 ). Th is study by 

the European Mallorca group followed 1,942 mutation carriers 

without prior cancer for an average of 7 years. Even though 

screening colonoscopy was performed at intervals of 2–3 years, 

the cumulative CRC incidence at age 70 was found to be 46% for 

 MLH1  carriers and 35% in  MSH2  carriers with lower incidence 

in  MSH6  and  PMS 2 carriers. Th is supports a more aggressive 

1–2 year surveillance period to limit interval cancers in this 

population.

  Studies in usage of chromoendoscopy to screen individuals with 

LS is limited. Huneburg and colleagues showed an increase in 

adenoma detection using Chromoendoscopy when compared to 

white light or narrow band imaging ( 33 ). Another smaller study 

by Stoff el  et al.  ( 34 ) showed an increase in overall polyp detection 

with chromoendoscopy but an increase in adenoma detection was 

not noted. A multicenter study from Europe randomized 78 LS 

patients to non-high defi nition white light endoscopy followed by 

chromoendoscopy during the same visit. 41% of subjects had at 

least one adenoma detected on chromoendoscopy as compared to 

23% of subjects with white light endoscopy, alone ( 35 ). A major 

limitation of chromoendoscopy studies have been the use of stand-

ard defi nition imaging instead of high defi nition colonoscopes 

to perform the screening exam. Although there are no current 

US recommendations, the European Society of Gastrointestinal 

Endoscopy (ESGE) Guidelines recommends using chromoen-

doscopy in routine practice for known or suspected LS patients 

( 36 ). Larger prospective trials using high defi nition colonoscopy 

and long-term outcomes are needed to strongly recommend chro-

moendoscopy in patients with LS.

    Extra-colonic cancer surveillance and management  .     In addition 

to an increased risk for CRC, individuals with LS, particularly 

those with an  MLH1 ,  MSH2 , and  MSH6  mutation, are also at 

increased risk of developing extra-colonic cancers, such as endo-

metrial, ovarian, stomach, and small bowel.

  Th ere is currently insuffi  cient evidence to support universal 

screening for endometrial and ovarian cancer in women with LS 

( 37 ). However, annual endometrial sampling and transvaginal 

ultrasound is an option. Some clinicians may also order serum 

CA-125, with the same caveat for insuffi  cient evidence. In a retro-

spective cohort study of 315 women with LS, those undergoing 

prophylactic hysterectomy and/or bilateral salpingo-oophorec-

tomy did not have any occurrence of endometrial, ovarian, or 

primary peritoneal cancer compared to a matched group of women 

with LS not undergoing preventive surgery ( 38 ). Th us, prophylac-

tic hysterectomy with bilateral salpingo-oophorectomy is a consid-

eration in women with LS who have completed child-bearing.

  Current evidence regarding the effi  cacy of screening for gastric 

cancers in LS patients is lacking. Intestinal type of adenocarcinoma 

is the primary cancer histology noted in this group ( 39 ). Screen-

ing and treatment of  Helicobacter Pylori  ( H. Pylori ) infection is 

recommended in LS patients to decrease the risk of gastric cancer 

( 31 ). To date, there is only one study from Netherlands reporting 

 H. Pylori  screening outcomes. Th is study evaluated 184 LS muta-

tion carriers and found  H. Pylori  prevalence similar to the gen-

eral population in carriers and patients with a fi rst-degree relative 

(FDR) with gastric cancer ( 40 ). Current ACG recommendations 

suggest performing a baseline upper endoscopy by age 30–35 with 

gastric biopsy in patients with or at risk for LS. Surveillance may 

be considered every 3–5 years for LS patients with a family history 

of gastric or duodenal cancer although there is very little evidence 

of support ( 4 ). Currently, there are no defi ned guidelines on gastric 

mapping biopsies for evaluation of gastric cancer or pre-malignant 

gastric lesions.
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cancers (incidence rate ratio, 0.42; 95% CI, 0.25–0.72;  P =0.001). 

Risk of colorectal polyps was unaff ected, and there was no 

protection seen for participants who completed <2 years of the 

intervention. Subgroup analyses from this trial showed that the 

association between obesity and CRC in patients with LS may 

be attenuated by taking daily aspirin ( 45 ). However, limitations 

of the CAPP2 trial highlight the need for larger and long-term 

randomized trials in this area ( 46,47 ). Similar fi ndings have been 

reported in an observational study from the Colon Cancer Family 

Registry. In 1,858 patients who have LS, aspirin use was associ-

ated with reduced risk of CRC, for both patients who took aspi-

rin for 5 or more years (HR, 0.25; 95% CI, 0.10–0.62;  P =0.003) 

and between 1 month and 4.9 years (HR, 0.49; 95% CI, 0.27–0.90; 

 P =0.02), compared to those who took aspirin for <1 month ( 48 ).

  In September 2015, the United States Preventive Services Task 

Force (USPSTF) updated its guidelines and provided low dose 

aspirin with a grade “B” recommendation for chronic disease 

prophylaxis, including CRC prevention, among US adults between 

ages 50 and 59 with a >10% 10-year risk of cardiovascular events. 

Many patients with LS may fall into this category during their 

lifetime of surveillance ( 49 ).

  Since aspirin is an anti-platelet agent, bleeding risk is its most 

signifi cant side eff ect. Th ere is a relative increase in risk of hemor-

rhagic strokes by 32–36% and extracranial (mostly gastrointesti-

nal) bleeds by 30–70% from baseline with low or standard dose 

aspirin treatment. Hence it is imperative to carry out future studies 

that will measure the risk-benefi t profi le of prescribing low dose or 

high-dose aspirin treatment in individuals at risk of CRC (includ-

ing those with hereditary predisposition). Cuzick  et al.  ( 50 ) have 

examined the overall risk-benefi t ratio for aspirin and found 

that cardiovascular benefi ts are off set by adverse events in a whole 

population approach involving treatment of 55–65 year olds. How-

ever, when the protective eff ect against cancer is factored in, the 

benefi ts are clear with an overall 4% reduction in mortality.

  Based on the limited evidence above, we suggest that aspirin 

may be used to prevent cancer in patients with LS, but the opti-

mal dose is currently unknown. Th is is consistent with the stance 

of the American Gastroenterological Association ( 5 ). In contrast, 

the American College of Gastroenterology does not recommend 

standard use of aspirin for chemoprevention ( 4 ). Many expert cli-

nicians advise their LS patients to use either 81 mg or 300 mg per 

day of aspirin, which may provide a chemopreventive benefi t while 

reducing the likelihood of side eff ects (i.e., peptic ulcer disease, 

gastrointestinal bleeding, and hemorrhagic stroke)—but again this 

dosing has yet to be shown to be eff ective in clinical trials. Th e 

CAAPP3 trial is currently enrolling participants in Europe and 

will involve a double blind dose non-inferiority trial comparing 

100, 300, or 600 mg daily in 3,000 LS gene carriers and will provide 

much needed clarity in the future.

     Familial adenomatous polyposis (classic and attenuated)

   Overview  .     FAP is the second most common hereditary CRC 

syndrome aft er LS. FAP is an autosomal dominant condition 

that clinically presents with generally hundreds to thousands 

of adenomatous polyps distributed throughout the colon and 

  Risk of small bowel cancer ranges from 0.4 to 12% in LS. Haastra 

 et al.  ( 41 ) found a 1.5% prevalence of small bowel lesions using 

video capsule endoscopy in 200 patients with LS. As the risk of 

small bowel cancer in LS patients is relatively low and no eff ective 

imaging or endoscopic modality for screening the entire length of 

the small bowel, there are currently no recommendations to screen 

for small bowel cancers in individuals with LS.

  Th ere is also an elevated risk of pancreatic cancer in LS gene 

mutation carriers. A large study of 147 families with MMR muta-

tions found a cumulative risk for pancreatic cancer of 3.7% by age 

70 years ( 42 ). Based on an international expert consensus panel, 

annual screening is recommended using magnetic resonance 

imaging (MRI) and/or endoscopic ultrasonography modalities for 

LS gene mutation carriers who also have at least one FDR with 

pancreatic cancer ( 43 ). NCCN or ACG currently do not recom-

mend screening for pancreatic cancer in LS.

  Th ere are currently no standard screening recommenda-

tions associated with urinary tract cancers or skin malignancies 

(  Figure   1  ) in individuals with LS.

  Individual screening recommendations may be modifi ed based 

on the ages of onset and type(s) of cancers reported in the patient 

and/or their family.

    Chemoprevention  .     Chemoprevention off ers an attractive option 

to prevent the occurrence of cancer in high-risk cancer syndromes, 

such as FAP and LS. However, data, especially from clinical tri-

als, are sparse. In the randomized CAPP2 trial, 861 participants 

with LS took either daily aspirin (600 mg) or placebo for up to 4 

years; the primary endpoint was the development of CRC ( 44 ). 

Aft er a mean follow-up of 55.7 months, participants taking daily 

aspirin for at least 2 years had a 63% reduction in the incidence 

of CRC (incidence rate ratio, 0.37; 95% CI, 0.18–0.78;  P =0.008). 

Th ese participants also appreciated a reduced risk from all LS 

Sebaceous adenomas

Sebaceous carcinoma

Keratocanthoma

 Figure 1 .     Lynch syndrome associated cutaneous manifestations, including 

sebaceious adenomas, keratocanthomas, and sebaceous carcinoma.
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rectum (  Figure   2  a–c  ). Large epidemiological polyposis registries 

have documented FAP prevalence to be around 1 in 10,000 live 

births ( 51–53 ). FAP also accounts for ~1% of all CRCs with equal 

distribution in men and women. Polyps generally develop in the 

early teens and lifetime risk of colon cancer reaches up to 100% if 

colectomy is not performed. In addition, there is a small potential 

risk for extra-colonic cancers including that of duodenum, thy-

roid, hepatoblastoma, osteomas, stomach, pancreas, and desmoid 

tumors (  Table   1  ) ( 54 ).

  Attenuated FAP (AFAP) is a milder form of the disease, but 

still confers an increased risk of CRC development. Patients with 

AFAP generally present with lower overall polyp burden usually 

averaging between 10 and 100 adenomatous polyps in their life-

time. AFAP also tends to present later in life (aft er age 25 years) 

compared to FAP, and may predominantly present with polyposis 

in the proximal colon or throughout the colon ( 55–57 ).

    Genetics and diagnosis  .     Both FAP and AFAP are caused by ger-

mline mutations in the  APC  gene, which is a tumor suppressor 

gene associated with the WNT signaling pathway ( 54,58 ). Patients 

with AFAP generally have a mutation in the 5′ or 3′ region of the 

 APC  gene whereas individuals with FAP carry mutations else-

where in this gene. A diagnosis of FAP may be suspected when 

hundreds of polyps are noted on colonoscopy. Patients typically 

have a family history of FAP, but ~25–30% of FAP and AFAP cases 

are due to a  de novo APC  mutation ( 52,59,60 ). Th erefore, family 

history may not always be suggestive. Genetic testing is recom-

mended when more than 10 cumulative adenomatous polyps are 

noted on a single colonoscopy, if an individual has 10 or more 

adenomas and a personal history of CRC, or if an individual is 

found to have a total >20 adenomatous polyps in their lifetime 

( 61 ). Genetic testing is useful both for patients diagnosed with 

FAP and at-risk family members. Around 10–30% of patients with 

a clinical diagnosis of FAP or AFAP will not have an identifi able 

mutation in  APC . Adam  et al.  ( 62 ) suggest explanations for this to 

be possible deep intronic mutations in APC, rare APC missense 

mutations, rare germline copy-number variants, low penetrant 

variants, and/or mutations in additional genes that have yet to be 

identifi ed. To date, there are several other genes whose mutations 

confer a moderately increased lifetime risk for polyposis, including 

 POLE ,  POLD1 , and  GREM1 . Th ere have also been cases of mosaic 

 APC  mutations which cause polyposis in only one segment 

 Figure 2 .     FAP is characterized by the presence of hundreds or thousands of adenomatous polyps in the colons of affected individuals, which often start 

in adolescence. Panels  a  and  b  are endoscopic views of the colon, while panel  c  is from a gross pathology specimen from a FAP patient undergoing total 

colectomy and carpeted with thousands of adenomatous polyps. ( d ) Periampullary region in a patient with FAP showing a large adenomatous polyp with 

beard like extension developing from the ampulla. ( e ) A radiograph of an FAP with osteomas of the mandible. ( f ) Fundus photography of congenital hyper-

trophy of the retinal pigment epithelium (CHRPE) lesions. One large and multiple peripheral punctiform CHRPE lesions. ( g ) An FAP patient with a 10–13 

cm left neck mass and multiple growths on his back. MRI of the neck revealed a diffusely infi ltrating soft tissue fi brous tumor involving the upper back and 

posterior paraspinous soft tissues, consistent with a desmoid tumor.        
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from the Finland polyposis registry compared the long and short-

term outcomes of both prophylactic surgical techniques (140 IRA 

and 88 IPAA) and found improved long-term survival in patients 

who pursued IPAA with no diff erence in post-operative compli-

cations when compared with those who elected colectomy with 

IRA ( 69 ). Th e increased risk of death noted in this study in pa-

tients with colectomy and IRA was likely related to the residual 

risk of rectal cancer. Patients with ileostomy or IPAA are also rec-

ommended to undergo surveillance due to the risk of developing 

adenomas in the ileum and in the anal transition zone. Th ere are 

multiple studies demonstrating high prevalence of pouch adeno-

mas aft er proctocolectomy and IPAA, although the cancer risk in 

the IPAA with adenomas is less well understood ( 70–72 ). Endo-

scopic surveillance is recommended every 6 months to a year in 

these patients ( 4,73 ).

    Extra-colonic cancer surveillance and management  .     Duodenal 

carcinoma is the most common extra-colonic cancer observed in 

patients with FAP and is a major cause of mortality in FAP pa-

tients with prior prophylactic colectomy. Th ere is up to a 12% life-

time risk of duodenal cancer in individuals with FAP and ~65% 

of patients will present with duodenal adenomas ( 74,75 ). A large 

multi-national study followed 368 FAP patients for a median of 7 

years and found that the severity of duodenal adenomas increased 

with age ( 76 ). Th e high prevalence and risk of cancer development 

warrants regular surveillance, and screening is recommended to 

begin by age 25–30 years based on the Spigelman staging system 

(  Table   3  ) ( 73,77 ). Spigelman classifi cation is a scoring system 

ranging from stage 0 to IV and points are calculated based on the 

number, size, histology, and dysplasia noted on endoscopic and 

histological exam. Endoscopic surveillance intervals are deter-

mined using the points obtained, and ranges between 6 months 

to 4 years ( 4 ). Roughly 50% of duodenal cancers are located in 

the ampullary or periampullary region and side-viewing duo-

denoscope should be used along with regular upper endoscopy 

of the colon. Somatic mutations found only in the tissue do not 

confer a reproductive risk.

    Colorectal surveillance and management  .     FAP patients have a 

CRC risk that increases over time starting as early as the second 

decade of life (7% by age 21 and 95% by age 50). Early diagnosis 

and management is warranted due to complete penetrance and an 

almost 100% lifetime risk of CRC without intervention in classic 

FAP. Screening colonoscopy has generally been shown to decrease 

the risk of CRC in individuals with FAP until polyp burden can no 

longer be eff ectively managed by colonoscopy alone ( 51,63–66 ). 

CRC screening with colonoscopy is recommended annually and 

should be initiated by age 10–12 years in patients with an  APC  

mutation or with family history of clinically diagnosed FAP ( 4 ). 

Earlier screening may be considered based on family history of 

colon cancer. Individuals with a confi rmed diagnosis of AFAP 

oft en develop CRC at a later age; therefore, screening is recom-

mended to begin by late teens to early 20’s and performed every 

1–2 years in these patients ( 4,67 ). A third of AFAP patients may 

have lesser polyp burden and therefore, surveillance may be suf-

fi cient and negate the need for colectomy. However, the Achilles 

heel of such an intensive surveillance program is patient adher-

ence and understanding of cancer risk ( 68 ). Th e diagnosis of 

cancer on colonoscopy is an obvious indication for colectomy 

in patients with FAP or AFAP. Colectomy is also considered ap-

propriate in patients with FAP undergoing surveillance for large 

adenomas (>1 cm), advanced polyp histology, or increasing polyp 

burden that is no longer manageable by colonoscopy (usually de-

fi ned as >20). Th e main surgical options available are total colec-

tomy with ileorectal anasatomosis (IRA) or proctocolectomy with 

ileal-pouch-anal anastomosis (IPAA). Th e primary determination 

of which procedure to use is based on the rectal polyp burden. 

Th ere is a risk of rectal cancer development in the remaining rec-

tum in patients with IRA and annual rectal surveillance is still 

recommended for patients who undergo this procedure. A study 

 Table 3  .     Duodenal adenomatosis Spigelman staging system  a   

  Polyps    1 Point    2 Points    3 Points  

 Number  <5  5–20  >20 

 Size  0–4 mm  5–10 mm  >10 mm 

 Histology  Tubular  Tubulovillous  Villous 

 Dysplasia  Mild  Moderate  Severe 

 Spigelman stage  Total points  Management/surveillance frequency  b     

  0  0  Every 4 years   

  I  <5  Every 2–3 years   

  II  5–6  Every 1–3 years   

  III  7–8  Every 6–12 months   

  IV  9–12  Expert surveillance every 3–6 months and surgical evaluation   

   a   Adapted from Spigelman AD.  Lancet  1989 (77).  

   b   Adapted from 2014 NCCN Guidelines.  
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in patients undergoing surveillance (  Figure   2  d  ). Most duode-

nal adenomas can be safely removed endoscopically but there is 

a signifi cant risk of adenoma recurrence, which emphasizes the 

importance of continued surveillance ( 78–82 ). Polyp removal 

in the periampullary region (ampullectomy) carries addition-

al risks of procedure related pancreatitis and chronic biliary, 

and pancreatic duct strictures and should be performed in 

expert centers. Duodenal cancer risk is increased in patients with 

Spigelman II and higher stage ( 83 ). Guidelines suggest pancreas 

preserving duodenectomy can be considered in patients with 

Spigelman stage IV. FAP patients diagnosed with periampullary 

neoplasm are surgically treated by performing a pancreatico-du-

odenectomy and post-surgical neoplastic recurrences have been 

reported ( 84 ).

  Lifetime risk of gastric cancer for patients with FAP is <1% ( 4 ). 

FAP patients usually present with multiple gastric polyps, both 

fundic gland and adenomatous types on histology. Fundic gland 

polyps occur in almost 90% of patients with FAP and around half 

of them may be dysplastic ( 85 ). However, progression to high 

grade dysplasia or adenocarcinoma is reported to be low in these 

polyps ( 86 ). Generally, the gastric polyps can be observed and 

biopsied to ensure they are not developing adenomatous changes 

or high grade dysplasia. FAP patients are at risk for neoplasm of 

the thyroid gland. Lifetime risk of thyroid carcinoma is ~2% with 

papillary carcinoma as the most predominant histology. A recent 

study from Puerto Rico suggests that the thyroid cancer risk may 

be signifi cantly higher in the Hispanic population. 90% of thyroid 

cases that are diagnosed in patients with FAP are diagnosed in 

women ( 87 ). Both benign and malignant thyroid lesions have been 

reported in multiple FAP cohorts ( 88–91 ). Due to the risk of neo-

plasm of the thyroid gland in individuals with FAP, annual thyroid 

clinical examination starting in late teens with consideration for 

annual ultrasound is an option recommended by NCCN.

  Multiple benign lesions are known to occur in FAP. Most com-

monly found are osteomas which are bone growths predominantly 

noted in the skull and mandibular regions (  Figure   2  e  ) ( 92 ). Cuta-

neous lesions like sebaceous and epidermoid cysts, fi bromas (not 

fi bromatosis/desmoid tumors), and lipomas are also known to 

occur. Gardner syndrome, now a historical term was used for FAP 

families with prominent extra-intestinal manifestations including 

osteomas, sebaceous cysts, and fi bromas. FAP and Gardner syn-

drome were later determined to occur from the same mutations in 

the  APC  gene ( 93 ). Congenital hypertrophy of the retinal pigment 

epithelium (CHRPE), another common manifestation described 

in FAP are pigmented retinal areas and develop in ~58% of patients 

with FAP. Of individuals with CHRPE, ~44% are found to harbor a 

pathogenic mutation in the  APC  gene ( 94 ). Th erefore, genetic test-

ing for FAP should be considered particularly in individuals who 

present with bilateral CHRPE ( Figure 2f ).

  Desmoid tumors are solid tumors of connective tissue and 

are seen in up to 20% of patients with FAP ( 95,96 ) ( Figure 2g ). 

Th ese are usually benign lesions but can be locally invasive. Th ey 

carry higher morbidity due to progressive tumor enlargement and 

pressure to adjacent organs leading to complications and even 

death ( 97 ). Treatment includes a multidisciplinary approach using 

non-steroidal anti-infl ammatory medications, tamoxifen, chemo-

therapy, or surgical management if conservative therapies fail 

( 73,98 ). Desmoid tumors are observed more oft en in patients who 

have had colectomy; therefore, this should be considered when 

discussing colectomy ( 99 ).

  Hepatoblastoma is very rare and noted in children usually up to 

5 years of age with a male predominance. Screening can be con-

sidered for at-risk children using serum alpha-fetoprotein and 

ultrasound of liver every 3–6 months ( 4,100 ). Oft en this aggres-

sive screening can become tedious for children and burdensome 

on their parents, thus a discussion between the parents, and their 

pediatrician regarding the symptoms of hepatoblastoma necessi-

tating further work up are important if biannual screening is not 

elected. In utero screening is not currently recommended.

  Malignancies of pancreas, bile ducts, and gallbladder have been 

reported in FAP; however, due to the lower risk of development 

of these tumors there are currently no related standard screening 

guidelines.

    Chemoprevention  .     FAP has always been fi rst and foremost a 

surgical disease, whose treatment with colectomy has long been 

known to reduce risk of premature cancer death. As prophylactic 

colectomy carries appreciable short and long-term complications, 

there has always been a desire to reduce polyp burden and poten-

tially delaying surgical intervention through the use of medica-

tions. However, most of the clinical trials eff orts to date have dealt 

with patients who have already undergone prophylactic colectomy 

and in whom recurrent adenomas in the retained rectum are being 

managed. Non-steroidal anti-infl ammatory agents have been the 

most commonly employed chemopreventive agents, with sulin-

dac being the most extensively studied and used clinically. Review 

of all the historical clinical trials is beyond the scope of this paper 

but several trials will be selectively highlighted here. Th e most 

infl uential and oft en cited study supporting the use of sulindac 

is a relatively small but controlled trial by Giardiello  et al.  ( 101 ) 

22 FAP patients (18 of who had not yet undergone colectomy) 

were treated for 9 months with sulindac at a dose of 150 mg twice 

a day and assessed at intervals of 3 months. A 56% reduction in 

adenoma count and 65% reduction in average adenoma diameter 

were observed. However, no complete adenoma regression was 

observed and regrowth occurred by 3 months following discon-

tinuation of sulindac, implying the need for continuous therapy. 

Similar fi ndings have been shown in a number of other studies, 

varying the dose of the sulindac or route of delivery and length 

of follow-up ( 102–104 ). Th ere is concern that sulindac therapy 

changes the morphology of adenomas from protruding to fl at 

lesions and that such lesions continue to serve as precursors for 

CRC development but are more diffi  cult to visualize and remove 

with optic colonoscopy ( 105,106 ). Celecoxib, a selective Cox-2 

inhibitor which potentially has the advantage of reduced gastro-

intestinal side eff ects, was found to have an adenoma regression 

eff ect only at higher doses of 400 mg twice a day. However, the 

Food and Drug Administration indication of FAP for Celebrex 

was withdrawn recently due to a failure to perform a postmarket-

ing study intended to verity clinical benefi t.
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following: (a) >20 colorectal adenomas, (b) known family history 

of MAP, (c) 10–20 adenomas, or (d) meets criteria for SPS with at 

least some adenomas noted on exam ( 37 ).

    Colorectal/gastrointestinal cancer surveillance and manage-

ment  .     Screening with colonoscopy should be initiated in homozy-

gous  MUTYH  mutation carriers between 25–30 years and repeat-

ed every 2–3 years if negative and every 1–2 years if polyps are 

found (37). Given the slight increased risk of CRC in monoallelic 

carriers they may be screened with colonoscopy starting at age 40 

years and repeat every 5 years, especially depending on their fam-

ily history. More frequent screening should be considered based 

on the number and types of polyps identifi ed on exam. A Euro-

pean study reported better survival outcomes in CRC originat-

ing in MAP patients when compared to other sporadic CRC, but 

the underlying mechanism for this is still unclear ( 119 ). Surgical 

management is reserved for patients with unmanageable adeno-

mas on colonoscopy or if cancer develops.

  Increased risk of duodenal polyposis and carcinoma have been 

observed in patients with MAP between 17 and 34% ( 120–123 ). 

NCCN recommends a baseline upper endoscopy beginning at 

age 30–35 years and future screening dependent upon fi ndings. 

A number of extra-colonic cancers have been reported in a large 

study of 276 MAP patients, including ovarian, bladder, skin, and 

breast cancers. However, the relative advanced age of onset of 

tumors in this study did not support additional screening for these 

cancer sites ( 122 ).

     Hamartomatous polyposis syndrome

   Overview  .     Peutz–Jeghers syndrome (PJS) and juvenile polyposis 

syndrome (JPS) are two forms of hamartomatous polyposis syn-

drome. Th ey are rare, autosomal dominant conditions and carry 

an increased risk of developing colorectal and extra-colonic neo-

plasia.  PTEN -hamartoma tumor syndrome/Cowden syndrome 

(CS) is another rare hamartomatous polyposis condition with risk 

for colorectal and extra-intestinal malignancies.

  PJS presents with hamartomatous polyps of the gastrointestinal 

tract and classic appearance of muco-cutaneaous melanin pigmen-

tation (  Figure   3  ). Th e incidence of PJS is ~0.9 per 100,000 individ-

uals ( 124 ). Individuals with PJS are expected to have an increased 

lifetime risk for both gastrointestinal cancers (colon, pancreas, 

gastroesophageal, small bowel, and stomach) and extra-intestinal 

malignancies (breast, gynecological, lung, and testicular) as out-

lined in   Table   1  .

  JPS presents with characteristic multiple (≥3–5) juvenile polyps 

of the gastrointestinal tract. Th ese colon polyps are mostly large 

and pedunculated in appearance and histologically demonstrate 

infl ammation of lamina propria, thick mucin fi lled cystic glands, 

but minimal smooth muscle proliferation compared to polyps 

typically seen in individuals with PJS ( 125 ). Similar to PJS, indi-

viduals with JPS are expected to have an increased risk of CRC and 

other gastrointestinal cancers, including that of the small bowel, 

stomach, and pancreas (  Table   1  ) ( 126,127 ). Features of hereditary 

hemorrhagic telangiectasia have also been described in individu-

als with specifi c genetic mutations in the SMAD4 gene associated 

  Sulindac, though not available in all countries, is used in the US 

at a dose of 150 mg twice daily primarily for the control of poly-

posis in the retained rectum of FAP patient who have already 

undergone a colectomy with an ileorectal anastamosis or an ileal-

pouch-anal anastamosis with a rectal cuff . It is imperative these 

patients continue to undergo annual surveillance due to the risk of 

subsequent cancers.

  Patients with FAP are also at greatly increased risk for duode-

nal neoplasia, with duodenal adenomas eventually forming in 

>50% of patients and duodenal adenocarcinoma occurring in up 

to 12% ( 54,107 ) Following colectomy, duodenal adenocarcinoma 

is the leading cause of cancer death in these patients, and preven-

tion of duodenal adenocarcinomas by endoscopic surveillance 

with polyp resection, duodenectomy, Whipple surgical procedure, 

and ampullectomy are oft en challenging and suboptimal ( 108 ). 

NSAIDs have much less effi  cacy in duodenal adenomas ( 109,110 ). 

A recent trial involving 92 FAP patients randomized to therapy 

with dual COX and epidermal growth factor receptor inhibition, 

with sulindac 150 mg twice daily and erlotinib 75 mg daily respec-

tively, reported a 71% decrease in duodenal polyp burden aft er 6 

months of therapy ( 111 ). However, the frequency of side eff ects, 

primarily an acne-like rash, may limit the use of these medica-

tions at the doses used in this study. Follow-up clinical trials with 

epidermal growth factor receptor inhibition are now underway to 

explore reduced dosing options to mitigate the side eff ects while 

retaining chemopreventive effi  cacy.

     MUTYH associated polyposis

   Overview  .     MUTYH associated polsyposis (MAP) is an autoso-

mal recessive condition that is associated with an increased risk 

of CRC development. Biallelic  MUTYH  mutations lead to the de-

velopment of multiple colorectal adenomas, usually 15–100 in a 

patient’s lifetime ( 112 ). Th e colonic phenotype may resemble that 

of patients with FAP and AFAP given the multiplicity of adeno-

matous polyps noted on colonoscopy ( 113 ). A higher prevalence 

of serrated polyps has also been observed in patients with MAP 

( 114 ).

    Genetics and diagnosis  .     Th e  MUTYH  gene is a DNA base exci-

sion repair gene that repairs DNA injury from oxidative stress. 

Th is gene identifi es and corrects the areas on DNA where aden-

osine inappropriately binds to the residue from oxidative dam-

age. Th e two most common mutations in the  MUTYH  gene are 

specifi cally denoted as Y179C and G396D ( 115,116 ). Due to the 

recessive inheritance of this disease, it is important to elicit a com-

plete family history and ask about consanguinity in the family as 

this may contribute to a higher risk of being homozygous for the 

mutations in  MUTYH . Individuals with MAP have a lifetime CRC 

risk of 80% ( 117 ). Th e CRC risk in monoallelic  MUTYH  muta-

tion carriers is shown to be none or minimally increased as com-

pared to biallelic subjects. However, a study by Win  et al.  ( 118 ) 

observed an increased CRC risk in monoallelic carriers who also 

had a history of a fi rst-degree relative with CRC. Current NCCN 

guidelines recommend testing for  MUTYH  gene mutations to be 

considered if patients clinically present with one or more of the 
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with JPS. Aff ected patients and/or families may present with an 

increased risk for CRC as well as chronic nosebleeds and other 

severe bleeding problems caused by solid organ arteriovenous 

malformations. Upper GI manifestations of JPS can also overlap 

with presentations of Crohnkhite-Canada, Menetriers or hyper-

plastic fundic gland polyposis syndromes. Importantly, patients 

with JPS also have an increased risk of gastric cancer.

   PTEN -hamartoma tumor syndrome (PHTS) refers to a spec-

trum of syndromes that include CS and Bannayan–Riley–Ruval-

caba syndrome. Th e prevalence of CS is 1 in 200,000. A recent 

systematic review reported 92% of CS patients had colonic polyps 

and prevalence of CRC was found between 9 and 18% ( 128,129 ). 

Hamartomatous polyps may also be found in the stomach, duo-

denum, and small bowel. An increased risk of several extra-intes-

tinal cancers have also been noted including breast, endometrium, 

thyroid, and renal cancers (  Table   1  ). A recent report indicated 

that fi nding two or more hamartomatous polyps (infl ammatory/

juvenile, expansive lymphoid follicle, ganglioneuromatous, and 

intramucosal lipomas) or any intramucosal lipomas or gangio-

neuromas in a patient is a highly prevalent feature of CS ( 125 ). 

Cerebral manifestations may also be observed and may include 

cerebellar tumors, autistic spectrum disorder, and macrocephaly. 

CS should be suspected in individuals presenting with multiple 

characteristic benign cutaneous fi ndings including: facial tri-

chilemmomas, papillomas of the face, lips, tongue, oral mucosa, or 

lipomas (  Figure   4  ) ( 130 ).

    Diagnosis  .     Th e clinical diagnosis for PJS is given when a patient 

meets two or more of the following criteria (a) ≥2 Peutz–Jeghers 

type hamartomatous polyps of the small intestine, (b) muco-cuta-

neous hyperpigmentation of the mouth, lips, nose, eyes, genitalia, 

or fi ngers (  Figure   3  ), and (c) family history of PJS.  SKT11  (pre-

viously called  LKB1 ) is a tumor suppressor gene and mutations 

in  SKT11  are found in 50–70% of patients with a clinical diag-

nosis of PJS. Around 30% of patients may have a de-novo muta-

tion. Solitary Peutz–Jeghers type hamartomatous polyps have 

been described in the gastrointestinal tract, without associated 

mucocutanous pigmentation or a family history of PJS and have 

been considered a variant or a separate disease with a lower risk 

of cancer. If concern exists for PJS, referral to an expert clinic is 

recommended ( 131–133 ).

  A patient should be given a clinical diagnosis of JPS if they 

meet one of the following criteria (a) At least 3–5 juvenile 

colon polyps; (b) multiple juvenile polyps throughout the gastro-

intestinal tract; or (c) any number of juvenile polyps in an indi-

vidual with a family history of JPS ( 37 ).  SMAD4  and  BMPR1A  

mutations are identifi ed in only 50% of patients with JPS ( 134,135 ). 

JPS patients with a  SMAD4  mutation can have overlapping 

features with hereditary hemorrhagic telangiectasia ( 37,136 ).

  Individuals with a mutation in the  PTEN  gene have a molecular 

diagnosis of PHTS. If a mutation is not identifi ed, a patient may 

still be given a clinical diagnosis of this syndrome and followed 

appropriately if they meet the criteria listed in   Table   4  .

  Due to the rarity of these polyps, it is prudent for patients 

who present with >5 hamartomatous polyps on colonoscopy, 

particularly those under the age of 40, to be evaluated for a possible 

hereditary cancer syndrome (125).

    Cancer surveillance and management  .     PJS: current NCCN 

guidelines recommend initiating upper endoscopy and colonos-

copy by late teens and repeating every 2–3 years for surveillance 

if normal. Th e small bowel should be assessed using baseline CT 

or MRI enterography by late teens and repeated thereaft er every 

2–3 years ( 37 ). Surveillance helps in identifi cation and removal 

of small bowel lesions which may clinically present with compli-

cations such as intussusception. In a study of 8 PJS patients, 

MR enterography showed 95% concordance with deep entero-

scopy ( 137 ).Video capsule endoscopy may be used as another 

modality to detect small bowel lesions ( 138 ). European guidelines 

 Figure 3 .     Perioral and cutaneous fi ndings associated with Peutz–Jeghers 

syndrome.        

 Figure 4 .     Perioral and cutaneous fi ndings associated with Cowdens 

syndrome.        

Facial trichilemmomas

Papillomas of face, lips, tongue, and oral mucosa
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endoscopy and colonoscopy beginning at a much younger age 

(15 years) than that suggested by NCCN, this may be too aggres-

sive and we continue to support initiation of screening by age 

35–40 years ( 4,141 ).

  Women with a mutation in the  PTEN  gene should also consider 

screening for breast cancer with annual mammogram or MRI 

starting by age 30–35 or earlier based on family history. Annual 

thyroid ultrasound beginning at the time of PHTS diagnosis and 

annual renal ultrasound can be considered starting by age 40 years.

     Serrated polyposis syndrome

   Overview  .     SPS previously known as hyperplastic polyposis 

syndrome presents with multiple serrated colon polyps and an 

increased lifetime risk for CRC up to 42% ( 142,143 ). A patient 

must meet at least one of the following criteria designated 

by WHO to be given a clinical diagnosis of SPS: (1)≥5 serrated 

polyps proximal to sigmoid colon with 2 or more>10 mm or (2) 

any number of serrated polyps proximal to sigmoid colon and 

a fi rst-degree relative (FDR) with SPS or 3) >20 serrated polyps 

of any size distributed throughout colon ( 144 ). Broadly, ser-

rated polyps are classifi ed into sessile serrated adenoma/polyps 

and hyperplastic polyps by WHO (World Health Organization) 

criteria ( 144 ). sessile serrated adenoma/polyps are considered 

pre-neoplastic and overlap morphologically with hyperplastic 

polyps. A recent multicenter cross-sectional study from Europe 

recommend removing all large (>10–15 mm) small bowel polyps 

by deep enteroscopy ( 139 ).

  Screening for pancreatic cancer is recommended using MRI/

MRCP or endoscopic ultrasonography every 1–2 years beginning 

by 30–35 years of age ( 37 ). According to NCCN, women with PJS 

are also recommended to undergo additional screening associated 

with the risk for breast, ovarian, and cervical cancer. Breast cancer 

screening is recommended with mammography or MRI begin-

ning at age 25 ( 140 ). Ovarian and cervical cancer surveillance is 

performed annually using pelvic exam and PAP smear with con-

sideration of transvaginal ultrasound starting at age 18–20. Men 

with PJS are recommended to undergo testicular examination and 

observation for feminization changes starting at age 10. Smoking 

cessation is also recommended for both men and women with PJS 

to reduce the risk of lung cancer.

  JPS: colonoscopy and upper endoscopy are recommended 

starting at age 15 and should be repeated annually if polyps are 

found on exam. If no polyps are noted, screening can be performed 

every 2–3 years ( 37 ). No recommendations currently exist for 

screening for small bowel or pancreatic cancer in patients with JPS.

  PHTS/CS: NCCN guidelines recommend screening colono-

scopy starting by age 35. If a family history of CRC exists before 

age 35, then screening should begin 5–10 years before the earli-

est known cancer in the family or before age 40 ( 37 ). Th ough a 

recent clinical practice guideline suggested screening with upper 

 Table 4  .     Diagnostic criteria for PTEN Hamartoma tumor syndrome 

  Clinical diagnosis for an individual (either of the following):  

  1. Three of more major criteria, one must be macrocephaly, Lhermitte-Duclos disease, or GI hamartomas; OR 

  2. Two major and three minor criteria 

  Clinical diagnosis in a family when one individual meets the revised PTEN hamartoma tumor syndrome criteria or has a PTEN mutation:  

  1. Any two major criteria with or without minor criteria; OR 

  2. One major and two minor criteria; OR Three minor criteria. 

  Major criteria    Minor criteria  

  Breast cancer   Autism spectrum disorder 

  Endometrial cancer (epithelial type)   Colon cancer 

  Follicular thyroid cancer   Esophageal glycogenic acanthosis (≥3) 

   GI hamartomas (includes ganglioneuromas, but excludes hyperplastic 

polyps; ≥3) 

  Lipomas (≥3) 

  Lhermitte-Duclos disease (adult)   Intellectual disability (ie, IQ ≤75) 

  Macrocephaly (≥97th percentile: 58 cm for women, 60 cm for men)   Renal cell carcinoma 

  Macular pigmentation of the glans penis   Testicular lipomatosis 

  Multiple muco-cutaneous lesions (any of the following):   Papillary or follicular variant of papillary thyroid cancer 

  Multiple trichilemmomas (≥3, at least one of which is biopsy proven)   Structural lesions of the thyroid (eg, adenoma and multinodular goiter) 

   Acral keratosis (≥3 palmoplantar keratotic pits an/or acral hyperkeratotic 

papules) 

   Vascular anomalies (includes multiple intracranial developmental 

venous anomalies) 

  Muco-cutaneous neuromas (≥3)   

   Oral papillomas (tongue and gingiva), multiple (≥3) OR biopsy proven OR 

dermatologist diagnosed. 

  

 Adapted from Pilarski  et al.  ( 130 ). 
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evaluated prevalence rates of SPS in four countries (UK, Poland, 

Spain, Th e Netherlands) ( 145 ). Th ey found a prevalence of 0–0.5% 

in initial colonoscopy and up to 0.8% in follow-up colonoscopy 

from the Spanish cohort. SPS is currently an under-diagnosed 

condition and the world-wide prevalence is unclear likely due 

to the histological diffi  culty in diff erentiating sessile serrated ad-

enoma/polyps from hyperplastic polyps and the actual prevalence 

may be much higher ( 146 ). Similarly, hereditary mixed polyposis 

is a rare condition with occurrence of multiple polyps with diff er-

ent morphologies and histological features such as that of juvenile 

polyps, and adenomas and serrated lesions. Due to its rarity and 

unclear genetic inheritance it is not discussed in detail here, but 

readers are referred to the article by Plesec  et al.  ( 147 ).

    Diagnosis  .     Th e genetic make-up of SPS is poorly understood. 

MSI, CpG island methylation and silencing of  MLH-1  have been 

suggested in serrated pathway to colon cancer. Genetic mutations 

commonly noted in hamartomatous polyposis syndrome and 

FAP have not been identifi ed in SPS ( 148 ). Recent studies have 

described various unique diff erentially expressed genes in SSP 

( 149,150 ). Th ere are reports of overlap between patients with SPS 

and MAP ( 4,151,152 ). Th e evidence to support routine screen-

ing for  MUTYH  mutations in SPS patients is weak but may be 

considered when multiple adenomatous polyps are noted on co-

lonoscopy. It is important to note that a normal test result does 

not preclude a diagnosis of SPS. Currently, the diagnosis of SPS 

remains clinical and no defi nitive genetic testing is available.

    Colorectal cancer surveillance and management  .     Th ere is a 

known increased risk of CRC in patients with SPS. Studies have 

described CRC risk ranging between 16 and 42% in individuals 

with a clinical diagnosis of SPS ( 142,143,153–155 ). Hazewinkel 

 et al.  followed 50 patients with SPS undergoing annual colono-

scopy for a median period of 3 years and found no cases of CRC; 

however 9 and 34% of patients developed advanced adenomas 

and large serrated polyps respectively ( 156 ). Current NCCN 

practice guidelines recommend surveillance with colonoscopy 

at least every 1–3 years, while other groups have favored a more 

aggressive program of annual colonoscopy ( 157 ). Surgery should 

be considered for patients with multiple polyps not manageable 

by colonoscopy or if cancer is found on exam. Higher CRC risk 

in family members of patients with a clinical diagnosis of SPS has 

also been reported. Th e incidence of cancer in relatives is noted 

to vary widely between 4 and 55% ( 151,155,158–160 ). FDR’s can 

be at a higher risk of presenting with SPS. In one study, over 30% 

of FDR’s of SPS undergoing colonoscopy met criteria for the syn-

drome themselves ( 159 ). Given the risk of CRC and adenomas, it 

is reasonable to consider earlier and more frequent colonoscopy 

in FDR’s of patients with SPS compared to the general population. 

NCCN currently recommends surveillance in FDR’s of patients 

with SPS at the earliest age of the following: starting at age 40 

years; or at the same age as the youngest SPS diagnosis; or 10 years 

before the age of CRC diagnosis in the family. Screening should be 

repeated every 5 years if no polyps are found and every 1–3 years 

if proximal serrated polyps or multiple adenomas are found ( 37 ).

    Extra-colonic cancer surveillance and management  .     A number 

of extra-colonic cancers have been reported in patients with SPS, 

but the literature is limited. Studies have documented 8–28% of 

SPS patients with extra-colonic cancers ( 142,155,161,162 ). Most 

extra-colonic cancers seen in these individuals are also com-

monly found in the general population (e.g., breast and prostate). 

No special screening guidelines currently exist for extra-colonic 

cancer surveillance for patients with a clinical diagnosis of SPS 

and patients should follow appropriate general population cancer 

screening guidelines based on their medical and family histories.

    Working with a genetics clinic or genetic counselor  .     As genetic 

testing continues to evolve, the complexity of the interpretation 

of this information in the context of the patient’s medical and 

family history is signifi cantly increased. Pre-and post-test coun-

seling is recommended by ASCO as part of the germline genetic 

testing process to ensure that appropriate and comprehensive 

information is communicated ( 163 ). Genetic counselors are spe-

cially trained providers whose primary role is to perform cancer 

risk assessment based on a combination of personal factors and 

family history. Th ese providers can also discuss current legal 

protections in place for patients who undergo genetic testing, 

which may otherwise be a patient perceived barrier to genetic 

evaluation ( 164,165 ). Indications for referral to a genetics clinic 

or genetic counselor are outlined in   Table   5   (2). Increased patient 

understanding leads to increased communication between fam-

ily members who are at risk, and may also increase adherence to 

screening/ risk-reduction recommendations ( 166 ).

      CONCLUSION

  High-risk colorectal polyposis and cancer patients require early 

detection and intense surveillance to prevent and manage several 

life-threatening malignancies. We provide a comprehensive 

overview of the genetics, surveillance, and management of com-

mon hereditary colorectal polyposis and cancer syndromes for 

 Table 5  .     National comprehensive Cancer Network Criteria for 

further genetic risk evaluation 

 Individuals meeting the revised Bethesda Guidelines 

 Individuals with a family history that meets Amsterdam Criteria 

 Individuals with papillary thyroid cancer that is the cribriform-morular vari-

ant, or hepatoblastoma 

 Individuals with a diagnosis of CRC and >10 colorectal adenomas 

 Individuals with a personal history of ≥20 adenomas 

 Individuals with multiple gastrointestinal hamartomatous polyps or serrated 

polyposis syndrome 

 Individuals from a family with a known hereditary syndrome associated 

with CRC with or without a known mutation 

 Individuals with a desmoid tumor, multifocal OR bilateral CHRPE 

 CRC, colorectal cancer; CHRPE, congenital hypertrophy of the retinal pigment 

epithelium. 
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clinicians to successfully navigate in a busy clinical practice. 

Using available tools like incorporating simple questionnaires of 

personal and family history of cancer in outpatient settings may 

improve the identifi cation of high-risk patients and/or families. 

In the era of gene sequencing and other molecular technologies, 

a number of new genes/mutations are being identifi ed and will 

require a multidisciplinary approach including primary care phy-

sicians, gastroenterologists, surgeons, gynecologist, oncologists, 

genetic counselors, nurses, and ancillary staff  for successful pre-

vention and management of hereditary colorectal cancers.
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