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Hereditary Gastrointestinal Cancer 
Syndromes: Role of Imaging 
in Screening, Diagnosis, and 
Management

Hereditary gastrointestinal (GI) cancer syndromes due to specific 
germline mutations are characterized by an increased risk of GI 
tract malignancies, extra–GI tract cancers, and benign abnormali-
ties. These syndromes include Lynch syndrome, familial adeno-
matous polyposis, juvenile polyposis syndrome, Peutz-Jeghers syn-
drome, Cowden syndrome, hereditary diffuse gastric cancer, and 
hereditary pancreatic cancer. Timely identification of the respon-
sible genes will help predict future cancer risks in these patients and 
their family members. Early detection of cancers is possible with 
appropriate screening methods; risk-reducing measures will help in 
cancer prevention. Select malignancies and benign conditions as-
sociated with these syndromes have distinctive imaging features that 
can aid in classifying the syndromes. Imaging also plays a pivotal 
role in screening and surveillance of patients as well as their at-risk 
relatives and is invaluable for follow-up of treated malignancies. 
The American College of Gastroenterology has established specific 
guidelines for diagnosis and management of hereditary GI cancer 
syndromes. Knowledge of the imaging features of various patho-
logic conditions and screening strategies will guide appropriate 
management of patients and at-risk family members.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ List gastrointestinal (GI) tract and 
extra–GI tract malignancies and benign 
pathologic conditions in hereditary GI 
cancer syndromes.

 ■ Describe the imaging features of can-
cers and other pathologic conditions in 
hereditary GI cancer syndromes.

 ■ Discuss screening and surveillance 
guidelines for patients and at-risk family 
members with these syndromes.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Hereditary gastrointestinal (GI) cancer syndromes are a group of 
disorders associated with inherited genetic mutations that result in 
a greater risk of cancer involving the GI luminal tract and multiple 
other systems; these syndromes account for 5%–10% of GI can-
cers (1–3). Recent advances in genetics and pathology have allowed 
better characterization of several well-defined hereditary GI can-
cer syndromes, including Lynch syndrome, familial adenomatous 
polyposis (FAP), attenuated FAP, MUTYH-associated polyposis, 
juvenile polyposis syndrome (JPS), Peutz-Jeghers syndrome (PJS), 
Cowden syndrome, hereditary diffuse gastric cancer (HDGC), and 
hereditary pancreatic cancer (1). Patients with hereditary GI cancer 
syndromes may develop cancers involving multiple organs, including 
the GI luminal tract, liver, pancreas, biliary tract, genitourinary tract, 
lung, breast, brain, and skin (4). Patients may develop more than one 
malignancy, synchronously or metachronously (3).

The diversity and the clinical manifestations also vary. Patients 
may present emergently with pain, bleeding, or intestinal obstruction 
or can present with less urgent manifestations, including a pal-
pable mass, weight loss, anorexia, and jaundice. These tumors may 
even be detected incidentally in completely asymptomatic patients. 
The presence of multiple seemingly unrelated neoplasms and/or a 
younger than expected age of manifestation for a neoplasm should 
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distant staging of a wide spectrum of malignancies. 
However, given the concern about ionizing radia-
tion, CT must be used with caution in children 
and young individuals, particularly in women of 
reproductive age. MRI is useful for diagnosis and 
local staging of several malignancies owing to its 
superior soft-tissue contrast resolution.

CT enterography and MR enterography have 
been used for surveillance of small bowel tumors 
in PJS, as they have been shown to be compara-
ble to capsule endoscopy in detecting small bowel 
polyps measuring greater than 1 cm (1,6–8). CT 
enterography and MR enterography techniques 
for evaluation of the small bowel are discussed 
in Table 3 (8–11). CT colonography has been 
shown to be comparable to optical colonoscopy 
in detection of advanced adenomas as well as 
cancer and is recommended for screening in 
adults with a family history of colorectal cancer 
but not for those with hereditary GI cancer syn-
dromes (12). Recently revised American College 
of Radiology (ACR) appropriateness criteria 
consider CT colonography and double-contrast 
barium enema study not appropriate for colorec-
tal cancer screening in high-risk individuals such 
as those with Lynch syndrome (13).

In patients with hereditary GI cancer syn-
dromes, MRI is recommended for surveillance 
of breast cancer, pancreatic cancer, and intra-
abdominal desmoids; diagnosis and staging of 
ovarian cancer; and local staging of rectal and 
endometrial cancers (1,14). US is recommended 
for surveillance of ovarian, breast, and thyroid 
cancers and is useful in diagnosis of testicular 
malignancies (1,15). Fluorodeoxyglucose (FDG) 
PET/CT is widely used for staging of cancers 
owing to its high sensitivity and specificity for 
detecting metastases in several malignancies 
(16). Whole-body PET/MRI is a relatively new 
imaging technique that has been shown to be 
superior to PET/CT in staging of metastatic 
disease (17,18). Mammography is recommended 
for screening and surveillance of breast cancer 
(1). Use of fluoroscopic imaging has significantly 
declined in the past 2 decades, and it is no longer 
considered the primary investigation for evalua-
tion of intestinal malignancies and polyposis (19).

Lynch Syndrome
Previously known as hereditary nonpolyposis 
colorectal cancer (HNPCC) syndrome, Lynch 
syndrome is the most common cancer syndrome, 
affecting one in 400 people, and is the most 
common cause of inherited colorectal cancer 
(14,20). Individuals with Lynch syndrome have 
an increased risk of many malignancies, notably 
colorectal and endometrial carcinomas (14,20). 
Cancers of the ovary, stomach, urinary tract, 

raise concern for a hereditary cancer syndrome 
(2). Radiologists, when they have access to prior 
imaging studies, are strategically placed to derive 
a diagnosis of the cancer syndrome in these 
patients, who may be seen by multiple different 
specialists without a unifying diagnosis.

In this article, malignancies and nonmalignant 
pathologic conditions that occur in common 
hereditary GI cancer syndromes are reviewed, 
with emphasis on their typical manifestations and 
imaging features (Table 1). The American Col-
lege of Gastroenterology (ACG) screening and 
surveillance guidelines are discussed, highlighting 
the role of imaging in screening (Table 2).

Role of Imaging
Imaging plays a crucial role in management of 
patients with hereditary GI cancer syndromes, 
especially in screening, diagnosis, and staging of 
malignancy and assessment of treatment response, 
postoperative complications, and tumor recur-
rence. An array of imaging modalities lend com-
plementary information in evaluation of patients 
with cancer syndromes. CT and MRI are versatile 
imaging modalities that are useful in assessment of 
intestinal and extraintestinal malignancies. Multi-
detector CT is the modality of choice for local and 

TEACHING POINTS
 ■ Recent advances in genetics and pathology have allowed 

better characterization of several well-defined hereditary GI 
cancer syndromes, including Lynch syndrome, familial adeno-
matous polyposis (FAP), attenuated FAP, MUTYH-associated 
polyposis, juvenile polyposis syndrome (JPS), Peutz-Jeghers 
syndrome (PJS), Cowden syndrome, hereditary diffuse gastric 
cancer (HDGC), and hereditary pancreatic cancer.

 ■ The colorectal cancers in Lynch syndrome are most common-
ly right sided, with more than 70% developing proximal to 
the splenic flexure—synchronously and/or metachronously—
and develop from a flat adenoma with rapid progression into 
carcinoma.

 ■ Desmoids in patients with FAP have a predilection for surgical 
sites and mostly develop after prophylactic colectomy. The 
small bowel mesentery and musculoaponeurotic structures of 
the abdominal wall near prior surgical sites are the two most 
common locations for desmoids in FAP.

 ■ CT enterography, MR enterography, capsule endoscopy, 
and double-balloon enteroscopy are frequently performed 
for small bowel surveillance in PJS, although polyps can also 
be identified with US and double-contrast GI study. At CT or 
MRI, the characteristic imaging appearance of PJS is multiple 
1–3-cm small bowel polyps, predominantly in the jejunum, 
with associated intussusceptions at different levels and bowel 
obstructions.

 ■ MRI with MR cholangiopancreatography and/or endoscopic 
US is the first test in surveillance of PDAC, and subsequent im-
aging depends on the findings of this examination. In those 
with a normal pancreas, repeat annual imaging should be 
performed, typically alternating MRI/MR cholangiopancrea-
tography and endoscopic US.
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Table 1: Overview of Hereditary GI Cancer Syndromes

Hereditary GI 
Cancer Syndrome Common Cancers and Benign Conditions Role of Imaging

Lynch syndrome Colorectal, endometrial, and ovarian cancers
Urothelial, small bowel, stomach, and pancreatic 

cancers

CT for diagnosis and staging of colon 
cancers

FDG PET/CT for assessing tumor burden
MRI for staging of rectal cancer

FAP Colorectal adenomas and adenocarcinoma
Gastric polyps, duodenal adenomas and adeno-

carcinoma
Desmoids, osteomas, nodular thyroid gland, 

papillary thyroid cancer, hepatoblastoma, and 
medulloblastoma

Upper GI contrast material or barium 
enema study for GI polyps

CT and MRI for diagnosis and staging 
of colon and duodenal cancers and 
desmoids

CT and US for thyroid cancers and hepa-
toblastoma

MRI for medulloblastoma
CT or radiography for osteomas

JPS Juvenile polyps in colorectum and stomach
Colon, stomach, and small bowel cancers
AVMs in multiple organs, commonly in liver 

(HHT)

Upper GI contrast material or barium 
enema study for GI polyps

CT for gastric polyps, AVMs, and colon 
cancer

PJS Small bowel polyps with multiple intussuscep-
tions

Mucocutaneous pigmentation in perioral region
Colon, small bowel, pancreas, and stomach 

cancers
Breast, uterine cervix, ovarian, and testicular 

cancers

CT enterography or MR enterography for 
small bowel polyps

CT for colon and gastric malignancies
MRI with MR cholangiopancreatography 

for pancreatic adenocarcinoma
Transvaginal US for uterine or ovarian 

cancers
Cowden  

syndrome
Multiple colonic, gastric, and small bowel pol-

yps; hamartomatous lesions in liver, pancreas, 
and spleen; colorectal cancer

Breast papillomas or cancer, multinodular goiter, 
nonmedullary thyroid cancer, papillary renal 
cell cancer, endometrial cancer, testicular lipo-
matosis, Lhermitte-Duclos disease; intracra-
nial AVMs, aneurysms, and cavernomas

CT enterography or MR enterography for 
small bowel polyps

CT for colon cancer and other abdominal 
pathologic conditions

Renal, testicular, thyroid, and pelvic US
MRI for intracranial pathologic conditions
MRI and mammography for breast cancer

HDGC Diffuse histologic type of gastric cancer
Lobular breast cancer
Colon cancer

CT and FDG PET/CT for gastric cancer
MRI and mammography for breast cancer

Hereditary PDAC Familial pancreatic cancer
Highest risk of pancreatic cancer in hereditary 

pancreatitis, PJS, and FAMMM syndrome

CT for staging
MRI with MR cholangiopancreatography 

and endoscopic US for screening and 
surveillance

Sources.—References 1, 2, and 5.
Note.—AVM = arteriovenous malformation, FAMMM = familial atypical multiple melanoma and mole, FDG = 
fluorodeoxyglucose, HHT = hereditary hemorrhagic telangiectasia, PDAC = pancreatic ductal adenocarcinoma.

and small bowel are other common malignancies 
in Lynch syndrome; less frequent malignancies 
include cancers of the pancreas, brain, prostate, 
and biliary tract (20).

Lynch syndrome is an autosomal dominant 
condition that results from mutations in DNA 
mismatch repair (MMR) genes, most commonly 
MLH1, MSH2, MSH6, and PMS2 or EPCAM, 
an upstream gene in MSH2 expression (21,22). 
These mutations result in faulty repair of DNA 
replication errors, which leads to microsatel-
lite instability (MSI) and multiple cancers (21). 

Mutations in MLH1 and MSH2 are responsible 
for 70%–85% of Lynch syndrome cases and have 
the highest malignancy risk and a wide spectrum 
of cancers (1,21). In comparison with DNA 
analysis, immunohistochemical analysis of MMR 
proteins is an easier and more practical option to 
identify MSI (22,23).

Lynch syndrome is estimated to account for 3% 
of all colorectal cancers, and colorectal cancers 
constitute 60%–70% of total cancers in Lynch 
syndrome (21,22). The lifetime risk of develop-
ing colorectal cancer is 70% by age 70 years, with 
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the highest risk in MLH1 and MSH2 mutations 
(24). Lynch syndrome–associated colorectal 
cancers have a better prognosis than their sporadic 
counterparts owing to more active host immune 
defense mechanisms and decreased tumor cell sur-
vival in MSI tumors (24,25). The colorectal can-
cers in Lynch syndrome are most commonly right 
sided, with more than 70% developing proximal to 
the splenic flexure—synchronously and/or meta-
chronously—and develop from a flat adenoma 
with rapid progression into carcinoma (24).

At histologic analysis, signet ring or cribri-
form tumor cells are seen with lymphocytes and 
abundant mucin production (23). While CT of 
the thorax, abdomen, and pelvis is the modality 
of choice for staging of colorectal cancer, FDG 

PET/CT is superior in detection of the overall 
tumor burden and is useful in posttreatment 
surveillance and predicting recurrence. MRI 
is mandatory in local assessment and staging 
of primary rectal cancer (14). At CT or MRI, 
circumferential irregular colonic wall thickening 
or a polypoid mass projecting into the lumen, 
predominantly involving the right colon, proxi-
mal to the splenic flexure in a young individual 
is highly suggestive of Lynch syndrome–associ-
ated colorectal cancer (Figs 1, 2) (14).

Approximately 2% of all endometrial cancers 
are associated with Lynch syndrome, with a 40%–
60% lifetime risk and with the highest risk in MS6 
mutations (26). Endometrial cancer is the sentinel 
cancer in more than 50% of patients with Lynch 

Table 2: Screening Recommendations for Hereditary GI Cancer Syndromes

Hereditary 
GI Cancer 
Syndrome Screening Recommendations

Lynch syn-
drome

Colonoscopy every 1–2 years beginning in early 20s
Annual transvaginal US and endometrial biopsy for women beginning in early 30s
Baseline upper GI endoscopy in early 30s and gastric biopsy every 3–5 years if family history of 

gastric or duodenal cancers
FAP Annual sigmoidoscopy or colonoscopy starting at age 12–14 years and continued until colectomy

Upper GI endoscopy beginning when colorectal polyposis diagnosed or at age 25 years and 
performed annually

Neck palpation with or without annual US starting at age 25–30 years for identifying thyroid cancers
Individuals with family history of desmoids and prior abdominal surgery should undergo abdom-

inal CT or MRI every 1–3 years after colectomy
JPS Colonoscopy every 1–3 years beginning at age 12 years

Esophagogastroduodenoscopy every 1–3 years beginning at age 12 years
For SMAD4 mutation carriers, cardiovascular examination within first 6 months of life for HHT

PJS CT enterography or MR enterography, upper GI endoscopy, and colonoscopy at age 8 years; if 
no polyps, repeat at age 18 years; then every 3 years

MRI with MR cholangiopancreatography of pancreas and/or endoscopic US every 1–2 years 
beginning at age 30 years

Annual pelvic examination, Papanicolaou test, and pelvic US beginning at age 25 years
Annual breast MRI and/or mammography starting at age 25 years
Annual testicular examination from birth to teenage years and annual testicular US starting at 

age 10 years
Cowden  

syndrome
Colonoscopy and upper GI endoscopy starting at age 15 years, with follow-up depending on 

number and type of polyps
Annual endometrial biopsy, mammography, breast MRI, and transvaginal US starting at age 

30–35 years
Annual thyroid US beginning in adolescence
Annual renal US at age 40 years and repeated every 1–2 years is recommended

HDGC Prophylactic total gastrectomy in all CDH1 mutation carriers
Upper GI endoscopy with multiple random biopsies every 6 months to 1 year starting 5–10 years 

before age of earliest cancer in the family
Annual breast MRI with or without mammography starting at age 35 years
Annual colonoscopy beginning at age 40 years for families with colon cancer

Hereditary 
PDAC

Annual contrast-enhanced MRI with MR cholangiopancreatography and/or endoscopic US
Screening to begin at age 45–50 years or 10–15 years younger than age of youngest relative with 

pancreatic cancer

Sources.—References 1, 2, and 5.
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syndrome, and 25% of colorectal cancer survivors 
develop this cancer in their lifetime (26). Endome-
trial cancers are histologically diverse, with the en-
dometrioid type being the most common, develop 
in younger women, and involve the lower uterine 
segment in up to 30% of cases (26). At MRI, het-
erogeneously T2-hyperintense infiltrating tumors 
involving the lower uterine segment with extension 
into the endocervical canal in younger women 

suggest Lynch syndrome (Fig 3) (27). While MRI 
is critical in local staging, CT and FDG PET/CT 
are helpful in staging for distant metastatic disease 
and surveillance (14).

The lifetime risk of ovarian cancer is 10%–
15% in Lynch syndrome, with the highest risk 
in MLH1 and MSH2 mutations; 22% of these 
patients present with synchronous endome-
trial cancer (26). Early tumor stage, nonserous 

Table 3: CT Enterography and MR Enterography Techniques

Parameter CT Enterography MR Enterography

Oral contrast 
material

Low-density 0.1% wt/vol barium  
(VoLumen; Bracco Diagnostics, 
Monroe Township, NJ)

Adult patients and pediatric patients 
weighing >50 kg drink 1–1.5 L at 
regular intervals over 40–60 min

Low-density 0.1% wt/vol barium (VoLumen; Bracco 
Diagnostics)

Adult patients and pediatric patients weighing >50 kg 
drink 1–1.5 L at regular intervals over 40–60 min

Intravenous 
contrast 
material

125 mL of iodinated contrast mate-
rial in adults (iodine concentration, 
300–350 mg/mL)

Injection rate, 4–6 mL/sec
Optional: 0.5 mg of glucagon by intra-

muscular injection (antispasmolytic) 
to maintain bowel distention

Gadolinium-based intravenous contrast material (0.1 
mmol/kg)

Injection rate, 2 mL/sec
Commonly used dose, ~10 mL

Image acquisi-
tion

Multiphasic including nonenhanced, 
arterial (bolus triggered), and portal 
venous (50–70 sec after injection) 
phases followed by multiplanar 
reconstruction

Coronal 2D SSFP images are obtained; thereafter, 
0.5 mg of glucagon is administered intramuscularly 
before image acquisition to decrease bowel motility

The following sequences are performed before admin-
istration of intravenous contrast material: axial T2W 
SSFSE with fat saturation, coronal T2W SSFSE 
without fat saturation, 3D SSFP, and T1W 3D 
SPGR with fat suppression

A second dose of 0.5 mg of glucagon is given just be-
fore injection of intravenous contrast material

Axial and coronal contrast-enhanced T1W 3D SPGR 
fat-saturated images are obtained 40, 60, and 90 
seconds after contrast material injection

Advantages Quicker examination with excellent 
spatial contrast resolution

Requires less patient cooperation com-
pared with MRI

More suitable for patients with claus-
trophobia or other contraindications 
to MRI such as implants

Excellent soft-tissue contrast resolution, better than 
that of CT

Helpful in grading the severity of disease
Lack of ionizing radiation an important consideration 

in young patients

Limitations Radiation exposure, especially a con-
cern in patients who require repeated 
examinations

Iodinated contrast material can be 
a limitation in CKD patients, but 
contrast-enhanced MRI may still be 
possible in patients with low GFR

Nonenhanced MRI is superior to non-
enhanced CT

Longer examination time (~30 min), requiring more pa-
tient cooperation to hold still and for breath holding

Not suitable for those with claustrophobia

Sources.—References 8–11.
Note.—CKD = chronic kidney disease, GFR = glomerular filtration rate, SPGR = spoiled gradient-echo, 
SSFP = steady-state free precession, SSFSE = single-shot fast spin-echo, 3D = three-dimensional, T1W = T1-
weighted, T2W = T2-weighted, 2D = two-dimensional.
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histologic type (commonly endometrioid), 
younger age at diagnosis, and associated endo-
metrial cancer suggest the likelihood of Lynch 
syndrome–associated ovarian cancer (26,27). At 
CT or MRI, a heterogeneously enhancing solid-
cystic adnexal mass with or without peritoneal 
spread is commonly seen (Figs 4, 5).

There is a 30% lifetime risk of urothelial 
cancer in men with MSH2 mutations, usually 
involving the upper urinary tract and with an 
increased predilection for bilateral tumors (28). 
Adenocarcinomas of the small bowel and stom-
ach are common extracolonic GI malignancies in 
Lynch syndrome (29). Patients with Lynch syn-
drome have an increased propensity to develop 
the rare “medullary” variant of pancreatic cancer 
and have a greater risk of cholangiocarcinoma 
(20,22). There are no characteristic imaging find-
ings of these malignancies in Lynch syndrome.

Although clinical guidelines such as the revised 
Amsterdam and Bethesda criteria are being used 
to identify at-risk individuals for Lynch syndrome, 
it has been shown that these criteria may miss a 
significant number of patients with Lynch syn-

drome (30). The concept of “universal screen-
ing” is recommended, in which all new cases of 
colorectal cancer and endometrial cancer should 
be tested for MSI with immunohistochemical 
analysis or DNA analysis at initial diagnosis; this 
strategy has been proved to prevent cancers in un-
affected family members (30). At-risk and affected 
individuals should undergo colonoscopy every 
1–2 years beginning in their early 20s or 2–5 years 
before the youngest age of diagnosis of colorec-
tal cancer in a family member (1,5). For Lynch 
syndrome patients with confirmed colon cancer or 
polyps refractory to endoscopy, it is recommended 
that they undergo surgical consultation for a sub-
total colectomy with ileorectal anastomosis (1,5).

Female patients at risk for or affected with Lynch 
syndrome should begin screening annually in their 
early 30s with endometrial biopsy and transvaginal 
US (1,5). In women who have completed child-
bearing, hysterectomy with bilateral salpingo-oo-
phorectomy should be offered (1,5). No dedicated 
screening guidelines have been recommended for 
cancers of the pancreas, prostate, and urinary tract 
in patients with Lynch syndrome (1).

Figure 1. Mucinous adenocarcinoma of the transverse colon in a 47-year-old man with Lynch syndrome.  
(a, b) Axial (a) and coronal (b) contrast-enhanced CT images of the abdomen show a large heterogeneous mass 
(arrows) with low-attenuation mucinous features in the transverse colon. (c) Image from optical colonoscopy 
shows the large, nearly obstructing, polypoid colonic mass (arrow). (d) Photograph of the gross pathologic 
specimen shows the necrotic mass in the transverse colon (arrows). At histologic and immunohistochemical 
analysis, the mass was proved to be mucinous adenocarcinoma with MLH1 and PMS2 mutations.
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Figure 2. Synchronous cecal and rectal adenocar-
cinomas in a 54-year-old man with Lynch syndrome. 
(a–d) Axial T2-weighted (a, b) and contrast-en-
hanced T1-weighted fat-suppressed (c, d) MR im-
ages of the abdomen and pelvis show a large T2-hy-
perintense heterogeneously enhancing mass in the 
cecum (arrows in a and c) and a small T2-isointense 
homogeneously enhancing mass in the rectum (ar-
rowhead in b and d). (e) Photograph of the gross 
pathologic specimen from total proctocolectomy 
shows the large necrotic mass in the cecum (arrows) 
and the small mass in the rectum (arrowhead). At 
histologic and immunohistochemical analysis, these 
were proved to be adenocarcinomas with MSH2 and 
MSH6 mutations, consistent with Lynch syndrome.

Familial Adenomatous Polyposis
FAP is the most common GI polyposis syn-
drome, characterized by the presence of more 
than 100 synchronous colorectal adenomas and a 
100% lifetime risk of colorectal cancer (31). FAP 
is an autosomal dominant condition caused by 
germline mutations in the adenomatous polyposis 
coli (APC) gene on chromosome 5q21, although 
one-third of new cases are due to de novo muta-
tions (32). APC is a tumor suppressor gene that 
functions in the Wnt pathway, and its loss leads to 
accumulation of b-catenin oncoprotein, with sub-
sequent uncontrolled cellular proliferation (32).

Attenuated FAP and MUTYH-associated 
polyposis are other adenomatous polyposis 

syndromes characterized by a lesser number 
of polyps (10–99 in number) and late onset of 
colorectal cancer with right-side predominance 
(1). Attenuated FAP is due to mutations in the 
proximal 5' end and distal 3' end of the APC gene 
(33). The MUTYH gene functions in the DNA 
base excision repair pathway and helps in DNA 
oxidation damage repair (33).

FAP accounts for 1% of all colorectal can-
cers; these cancers develop in almost all affected 
individuals at an average age of 40 years if the 
colorectum is not removed (31). Hundreds to 
thousands of polyps develop in the colorectum by 
the 2nd or 3rd decade of life, and patients pre-
sent with lower GI bleeding and diarrhea (31). At 
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Figure 5. Synchronous endometrioid ovarian cancer and primary endometrial carcinoma in a 50-year-old woman with 
Lynch syndrome. (a) Axial contrast-enhanced CT image of the pelvis shows a heterogeneously enhancing solid and cystic right 
adnexal mass (arrow) with soft-tissue enhancement in the endometrium (arrowhead). (b) Correlative PET/CT image shows 
marked FDG avidity in both the right adnexal mass (arrow) and the endometrial mass (arrowhead). At surgical resection, these 
were confirmed to be primary endometrioid ovarian cancer and primary endometrial carcinoma, respectively.

Figure 3. Endometrial adenocarcinoma in a 
42-year-old woman with Lynch syndrome. Axial 
T2-weighted image of the pelvis shows a large 
isointense mass replacing the endometrium and 
prolapsing into the endocervical canal (white ar-
row), with a similar-appearing isointense mass 
replacing the right ovary (arrowhead) and para-
metrium (black arrow). At surgical pathologic 
analysis, the patient was confirmed to have stage 
IIIB endometrioid adenocarcinoma of the uterus.

Figure 4. Primary peritoneal carcinoma of müllerian origin with endometrioid differentiation arising from an area of endo-
metriosis in a 29-year-old woman with Lynch syndrome. Axial T2-weighted (a) and contrast-enhanced fat-suppressed T1-
weighted (b) images of the abdomen show a mixed T2 signal intensity heterogeneously enhancing perisplenic mass (arrows). 
At surgical pathologic analysis, the mass was confirmed to be a primary peritoneal carcinoma with endometrioid differentia-
tion and MSH2 mutations.

colonoscopy, more than 90% of polyps are less 
than 1 cm and are commonly seen in the descend-
ing colon and rectum (Fig 6). They demonstrate 
similar histologic features to those of sporadic 

adenomas, although adenomatous epithelial cells 
in a single colonic crypt, called crypt adenoma, are 
highly suggestive of FAP (23,34). Gastric fundic 
gland hamartomatous and hyperplastic polyps and 
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Figure 6. Multiple colonic polyps in a 38-year-old man with known FAP. Axial contrast-enhanced CT images of the abdomen 
show multiple nodular polyps of soft-tissue attenuation throughout the colon (left arrow in a, arrows in b), with a larger polypoid 
mass in the rectum (right arrow in a). Pathologic analysis after proctocolectomy demonstrated multiple adenomatous polyps.

Figure 7. Villous rectal adenocarcinoma 
in a 35-year-old woman with known FAP.  
(a, b) Axial T2-weighted (a) and contrast-en-
hanced T1-weighted fat-suppressed (b) images 
show a large T2-isointense polypoid carpetlike 
mass in the rectum (arrow). (c) Endoscopic US 
image of the rectum shows the carpetlike echo-
genic mass (arrows). (d) Image from optical 
colonoscopy shows the mass (arrow) and mul-
tiple other polyps (arrowheads). (e) Specimen 
from total proctocolectomy shows multiple ad-
enomatous polyps and invasive rectal adenocar-
cinoma arising from a villous adenoma (arrow).
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thyroid carcinoma, epidermoid cysts, and fibro-
mas in FAP is termed Gardner syndrome; FAP 
associated with brain tumors, especially medul-
loblastomas in children, is referred to as Turcot 
syndrome (1,31).

Multimodality imaging plays a pivotal role in 
screening and management of patients with FAP 
and at-risk relatives. At CT or MRI, multiple 
polyps of soft-tissue attenuation or intensity pro-
jecting into the colonic lumen are a characteristic 
finding of FAP (Fig 6). Colorectal cancer appears 
as a focal polypoid soft-tissue mass or circumfer-
ential irregular colonic wall thickening, depend-
ing on its pathologic features (Fig 7). Gastric fun-
dic gland and duodenal polyps appear as nodules 
“etched out” by barium at double-contrast upper 
GI study and as enhancing soft-tissue nodular 
masses at CT or MRI (Fig 8) (36).

Circumferential irregular wall thickening of 
the duodenum is a typical imaging appearance of 
duodenal or ampullary adenocarcinoma (Fig 9). 
Although uncommon, jejunal polyps are identi-
fied as enhancing sessile nodules at CT enterog-
raphy or MR enterography (37). At double-
contrast barium enema study, multiple polyps 
measuring from pinhead size up to 1.5 cm and 
giving a serrated contour to the colonic wall are 
commonly seen (38).

Desmoids in patients with FAP have a predi-
lection for surgical sites and mostly develop after 
prophylactic colectomy (39). The small bowel 
mesentery and musculoaponeurotic structures of 
the abdominal wall near prior surgical sites are 
the two most common locations for desmoids in 
FAP (39). Desmoids are locally aggressive and 
can lead to long-term and at times devastating 
complications, including bowel obstruction, mes-
enteric ischemia, ureteric obstruction, fistula, and 
abscess formation (40). Desmoids are the cause 
of death in up to 10% of patients with FAP (39). 

duodenal adenomas are the most common extra-
colonic GI findings in FAP; duodenal/periampul-
lary cancer (4%–10%) is the most common cause 
of death in patients with FAP who have undergone 
prophylactic colectomy (1,31). Gastric carcinoma 
and small bowel polyps are not common in pa-
tients with FAP (31).

The most common extraintestinal manifesta-
tion of FAP is congenital hypertrophy of retinal 
pigment epithelium (CHRPE), which consists of 
benign dark lesions in the retina found in 60% of 
affected individuals. Thus, ophthalmic identifica-
tion of CHRPE can be used as an early detection 
tool in at-risk individuals (35). Nodular thyroid 
gland (80%), desmoids (10%–15%), osteomas 
(7%–10%), papillary thyroid carcinoma (10%–
12%), hepatoblastoma (1%–2%), brain tumors 
(<1%), dental abnormalities, lipomas, adrenal 
cortical neoplasms, and nasopharyngeal angiofi-
bromas are some of the extra-GI manifestations 
of FAP (35). The presence of extracolonic tumors 
including osteomas in the skull and other bones, 

Figure 8. Multiple gastric polyps in a 37-year-old man with FAP. (a) Axial T2-weighted true FISP (fast imaging 
with steady-state precession) image shows multiple soft-tissue polyps in the stomach with nodular thickening 
(arrow). (b) Endoscopic image shows multiple gastric polyps (arrows).

Figure 9. Duodenal adenocarcinoma in a 44-year-old woman 
with Gardner syndrome who had undergone colectomy. Axial 
contrast-enhanced CT image shows irregular circumferential 
wall thickening of the second portion of the duodenum (arrow). 
Pathologic analysis demonstrated duodenal adenocarcinoma.
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recommended in children starting the 1st month 
after birth and continuing every 3–6 months up 
to 4 years and have also been recommended in 
select families with prior hepatoblastomas (1). 
Less intensive screening guidelines have been 
recommended in patients with attenuated FAP or 
MUTYH-associated polyposis (1).

Juvenile Polyposis Syndrome
JPS is an autosomal dominant condition char-
acterized by the presence of multiple juvenile 
polyps in the colon and rectum (98%), the stom-
ach (14%), and less commonly the duodenum, 
jejunum, and ileum (44). Up to 70% of colonic 
polyps develop in the proximal colon. The term 
juvenile refers to the histologic type of the polyps, 

Figure 10. Desmoids of the mesentery that developed 
after total proctocolectomy in a 34-year-old woman 
with known FAP. Coronal contrast-enhanced CT image 
shows ill-defined linear fingerlike infiltrating soft-tissue 
masses throughout the small bowel mesentery (arrows). 
Biopsy demonstrated desmoid fibromatosis.

Figure 11. Desmoid of the mesentery that developed after to-
tal proctocolectomy in a 35-year-old woman with known FAP. 
Axial contrast-enhanced CT image shows a large infiltrating soft-
tissue–attenuation mass in the mesentery that engulfs several 
small bowel loops (arrows). Biopsy demonstrated a desmoid.

There is a strong tendency for local recurrence 
after surgical resection (40).

At CT or MRI, desmoids appear as enhanc-
ing linear fingerlike infiltrating soft-tissue masses 
in the small bowel mesentery or a well-defined 
mass of soft-tissue attenuation or intensity in the 
mesentery or abdominal wall (Figs 10, 11). It has 
been shown that MRI is at least equivalent to and 
may be superior to CT for detection of desmoids 
in FAP. Given its lack of radiation, MRI should 
be considered the primary imaging modality for 
young patients with FAP (41). Osteomas are 
common in Gardner syndrome; at CT or radi-
ography, osteomas appear as bony outgrowths or 
sclerotic lesions and are commonly seen in the 
skull, mandible, and long bones.

Papillary thyroid cancer manifests as a hy-
poechoic nodule with multiple microcalcifications 
at US; CT is helpful in staging metastatic disease. 
Medulloblastoma is the most common intracranial 
tumor in children with FAP; it manifests in the 
posterior fossa and appears iso- to hypointense on 
T1-weighted images and heterogeneously hyper-
intense on T2-weighted images with avid enhance-
ment after contrast material administration (42). 
Hepatoblastoma arises in children less than 5 
years old and appears as an iso- to hypoechoic 
solid mass in the liver at US. At MRI, it appears as 
a T1-hypointense and T2-hyperintense mass with 
scattered areas of enhancement after administra-
tion of gadolinium contrast material (43).

All at-risk or affected individuals with FAP 
should be screened annually with sigmoidoscopy 
or colonoscopy beginning at age 10–15 years and 
continued until the patient undergoes surgical 
removal of the colon, typically in the early 20s 
(1,5). Proctocolectomy with ileal pouch–anal 
anastomosis (IPAA) or colectomy with ileorectal 
anastomosis (IRA) are the two most commonly 
performed surgeries (1). After colectomy, an-
nual endoscopy of the rectum or ileal pouch and 
biannual examination of the ileostomy should be 
performed to monitor the development of new 
polyps and other complications such as pouchitis 
(1,5). Upper GI endoscopy with a side-viewing 
endoscope to examine the ampulla should be per-
formed annually at the time of colorectal polypo-
sis diagnosis or starting at age 25 years (1).

Annual screening for thyroid cancer should 
begin in the late teenage years with physical 
examination with or without additional US (1). 
If there is a family history of desmoids or any 
other abdominal symptoms, then annual abdomi-
nal palpation and abdominal MRI or CT every 
1–3 years after colectomy and then at 5–10-year 
intervals are suggested (1,5). For identifying 
hepatoblastoma, abdominal US surveillance and 
measurement of serum a-fetoprotein level are 
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(46). The diagnosis of JPS can be made on the 
basis of the presence of at least five juvenile polyps 
in the colo rectum, juvenile polyps in other parts of 
the GI tract, or any number of juvenile polyps in 
a person with a known family history of juvenile 
polyps (1,44,45). At colonoscopy or upper GI 
endoscopy, juvenile polyps appear as pedunculated 
or sessile red polyps measuring less than 2 cm 
with intervening normal mucosa (34,44). Multiple 
dilated crypts filled with mucus and neutrophils, 
embedded in abundant lamina propria, and con-
taining inflammatory cells with absence of smooth 
muscle in the stroma are characteristic histologic 
findings in JPS (34).

Large polyps are seen as masslike lesions at 
CT and can prolapse and cause obstruction. The 
antropyloric region is the most common site for 
gastric polyps; rarely, diffuse gastric polyposis 
can be seen in the absence of colonic polyps and 
can be identified at upper GI contrast material 
study (48). Smaller gastric polyps can be seen 
as multiple small nodular masses carpeting the 
stomach or diffuse wall thickening at CT or MRI 
and can mimic Ménétrier disease or diffuse linitis 
plastica of diffuse gastric cancer (Fig 12) (49). 
Multiple AVMs in JPS-HHT overlap syndrome 
appear as arterially enhancing lesions, commonly 
in the liver and lung parenchyma, with associ-
ated hypertrophy of the hepatic arteries (Fig 12) 
(46,50). Hyperenhancing liver lesions in the arte-
rial phase may also correspond to hepatic nodu-
lar regenerative lesions. At barium enema study, 
colonic polyps appear as multiple round filling 
defects, commonly in the right colon (38,51).

Figure 12. Gastric polyps and hepatic AVMs in a 
49-year-old woman with combined JPS and HHT. 
(a, b) Coronal contrast-enhanced CT images in the 
arterial (a) and portal venous (b) phases show mul-
tiple gastric polyps (black arrows), arterially enhanc-
ing liver lesions (white arrows in a), and dilatation of 
the hepatic arteries (arrowhead). (c) Specimen from 
total gastrectomy shows multiple polyps carpeting 
the entire stomach.

not the age of clinical diagnosis or the age of 
onset of polyps (44).

Mutations of the SMAD4 (chromosome 
18q21) or BMPR1A (chromosome 10q22) genes 
are identified in 60% of clinically defined JPS 
cases; 25% of newly diagnosed cases are spo-
radic with de novo mutations (1,44). Both genes 
are involved in the transforming growth factor 
b (TGF-b) signal transduction pathway, which 
plays a pivotal role in cell growth inhibition and 
apoptosis (44). JPS patients with the SMAD4 
mutation have a greater incidence of hereditary 
hemorrhagic telangiectasia (HHT) (45,46).

The estimated lifetime risk of GI tract cancer 
is 50% in JPS family members, with colon cancer 
being the most common, followed by cancers 
of the stomach, small bowel, and pancreas (47). 
The risk of colon cancer is 17%–22% by age 35 
years and up to 68% by age 60 years (1,47). The 
lifetime risk of gastric and duodenal cancer is 
11%–20%, with a greater risk of gastric cancer in 
SMAD4 mutation carriers (1,47).

The majority of patients with JPS present with 
lower GI bleeding or anemia; the severity of the 
disease differs on the basis of the age of presenta-
tion, with the most severe subset presenting in 
infancy (44). Most JPS patients with SMAD4 mu-
tations have one or more clinical features of HHT, 
including epistaxis, telangiectases, and arteriove-
nous malformations (AVMs) in multiple organs 
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Patients affected with or at risk for JPS should 
be screened for development of colon, stomach, 
and small bowel cancers (1). Starting at age 12 
years, colonoscopy and upper GI endoscopy 
are recommended every 1–3 years, depending 
on polyp burden, and polyps measuring 5 mm 
should be removed (1,52,53). Small bowel sur-
veillance with CT enterography or enteroscopy is 
suggested in select patients on the basis of upper 
GI findings (1).

When polyps progress to high-grade dysplasia 
or can no longer be managed endoscopically, col-
ectomy or gastrectomy may need to be performed 
(1). Polyps may arise in the ileal pouch or rectum 
after surgery; thus, continued surveillance is rec-
ommended (46,54). In confirmed SMAD4 muta-
tion carriers, a complete cardiovascular examina-
tion should be performed within the first 6 months 
of life as well as an annual complete blood cell 
count to screen for complications of HHT (1,46).

Peutz-Jeghers Syndrome
PJS is characterized by histologically distinc-
tive hamartomatous polyps of the GI tract, most 
frequently in the small bowel (96%), colorectum 
(25%–50%), and stomach (25%), along with 
characteristic mucocutaneous pigmentation in 
the perioral area (55). PJS is an autosomal domi-
nant condition due to a mutation in the STK11 
tumor suppressor gene (previously called LKB1), 
located on chromosome 19p13, which encodes 
a serine-threonine kinase involved in cell cycle 
activities, mTOR (mammalian target of rapamy-
cin) regulation, chromatin remodeling, and Wnt 
pathway signaling (23,55). Ninety-four percent 
of affected PJS families demonstrate mutations 
of STK11; 25% of newly diagnosed PJS cases are 
sporadic with de novo mutations (1).

There is increased predisposition for develop-
ment of GI malignancies (colon, pancreas, small 
bowel, gastroesophageal, stomach) and extrain-

testinal malignancies (breast, gynecologic, lung, 
testicular) (47,56,57). PJS patients have a greater 
than 85% risk of developing cancer by age 70 
years (1,34,47); their overall survival is shorter, 
mainly due to cancer. There is an estimated life-
time risk of 40% for colorectal, 29% for gastric, 
13% for small bowel, and 11%–36% for pancre-
atic cancers (47,57). The estimated lifetime risks 
are 24%–54% for breast, 7%–17% for lung, 21% 
for ovarian, 9% for uterine, and 9% for testicular 
malignancies (34,57).

Patients with PJS typically present with colicky 
abdominal pain and lower GI bleeding due to in-
testinal obstruction and intussusception, resulting 
from large small-bowel polyps that can undergo 
infarction, intussusception, bleeding, and ulcer-
ation (55). At enteroscopy or colonoscopy, PJS 
polyps are pedunculated and show a typical lobu-
lated pattern. At microscopy, arborizing smooth 
muscle bundles that branch into the polyp core 
with presence of nondysplastic epithelial ele-
ments in the lamina propria are commonly seen 
(23,34). Mucus lakes and inflammatory cells are 
typically absent (23).

CT enterography, MR enterography, capsule 
endoscopy, and double-balloon enteroscopy are 
frequently performed for small bowel surveillance 
in PJS, although polyps can also be identified 
with US and double-contrast GI study (8,58–62). 
At CT or MRI, the characteristic imaging ap-
pearance of PJS is multiple 1–3-cm small bowel 
polyps, predominantly in the jejunum, with as-
sociated intussusceptions at different levels and 
bowel obstructions (Figs 13, 14) (61,62). While 
polyps appear as iso- to hyperechoic intraluminal 
masses at US, they appear as multiple nodular 
filling defects “etched out” by barium at fluoro-
scopic study, with most of them pedunculated 
and usually present in clusters (58,59).

MR enterography is a promising alternative 
to capsule endoscopy and enteroscopy for small 

Figure 13. Small bowel polyps and intussusceptions in a 24-year-old man with known PJS. Axial contrast-enhanced images 
from CT enterography show multiple soft-tissue polyps in the small bowel (arrows in a) and jejunojejunal and ileocolic intus-
susceptions (arrowheads). Small bowel resection demonstrated hamartomas.
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bowel surveillance in PJS patients and shows 
greater than 90% concordance with enteroscopy 
for larger and riskier polyps (7,63). MR enterog-
raphy allows improved localization of small bowel 
polyps and is also helpful for excluding the pres-
ence of polyps in bowel segments not examined 
at endoscopy or surgery (6). At MR enterogra-
phy, polyps appear as T2-isointense intraluminal 
masses that homogeneously enhance after con-
trast material administration (Fig 14) (7,61,63). 
In addition, polyps and cancers can be identified 
in the stomach and colon at CT or MRI (61).

Imaging plays an important role in diagnosis 
and follow-up of extraintestinal malignancies in 
PJS, including cancers of the breast, pancreas, 
cervix, and testes (1). Ovarian sex cord tumor 
with annular tubules (SCTAT) and mucinous 
adenocarcinoma may manifest as adnexal masses. 
Adenoma malignum (minimal deviation adenocar-
cinoma) is an uncommon cervical cancer associ-
ated with PJS and can manifest as a multilocular 
cystic mass obliterating the cervical stroma at US, 
CT, and MRI. At MRI, it is slightly hyperintense 
on T1-weighted images and markedly hyper-
intense on T2-weighted images, with restricted 
diffusion at diffusion-weighted imaging (DWI) 
and internal enhancement after contrast material 
administration (64). It can simulate tunnel cluster 
variant nabothian cyst at imaging; however, lack 
of enhancement and diffusion restriction favors 
nabothian cyst. Sertoli cell tumor is seen in men, is 
commonly bilateral, and manifests with advanced 
bone age and gynecomastia (58).

Persons affected with or at risk for PJS should 
undergo capsule endoscopy, CT enterography, 
or MR enterography; colonoscopy; and upper GI 
endoscopy every 3 years starting at age 8 years; 
all polyps greater than 1.5 cm should be removed 
(1,47,58). If no polyps are found at initial exami-
nation, all three tests should be resumed at age 

18 years and repeated every 3 years (1). Given its 
lack of ionizing radiation and noninvasive nature, 
MR enterography is the preferred technique in 
children (62).

Imaging of the pancreas with endoscopic US or 
MRI with MR cholangiopancreatography is rec-
ommended starting at age 30 years and repeated 
annually (1). Women should undergo annual pel-
vic examination, the Papanicolaou test, pelvic US, 
breast MRI, and mammography beginning at age 
25 years. Boys should undergo annual testicular 
examination starting at birth and continuing into 
their teenage years and annual testicular US start-
ing at age 10 years (1,53).

Cowden Syndrome
Also known as PTEN hamartoma tumor syn-
drome (PHTS), Cowden syndrome is an auto-
somal dominant condition characterized by de-
velopment of hamartomatous lesions in multiple 
organs and is associated with a greater risk of 
breast, thyroid, colon, kidney, and endometrial 
malignancies (65). Cowden syndrome is caused 
by germline mutations in the tumor suppressor 
gene PTEN (phosphatase and tensin homolog), 
located on chromosome 10q21, which plays an 
important role in DNA repair (55). Malfunc-
tion of the PTEN protein leads to chromosomal 
instability and uncontrolled proliferation of 
cells, resulting in characteristic hamartomas and 
malignancies (55).

Dermatologic manifestations are a common 
feature of Cowden syndrome and include trichilem-
momas, palmoplantar keratosis, and oral papillomas 
(65). Other common benign lesions in Cowden 
syndrome include fibrocystic breast disease, non-
toxic multinodular goiter, vascular malformations, 
lipomas, GI polyps, uterine fibroids, endometrio-
sis, macrocephaly, and Lhermitte-Duclos disease 
(dysplastic cerebellar gangliocytoma) (65,66).

Figure 14. Small bowel pol-
yps in a 19-year-old man with 
PJS. Coronal T2-weighted true 
FISP (fast imaging with steady-
state precession) (a) and con-
trast-enhanced T1-weighted 
fat-suppressed (b) images from 
MR enterography show mul-
tiple T2-isointense small bowel 
polyps (arrows in a), which 
enhance after contrast mate-
rial administration (arrows in 
b). Pathologic analysis demon-
strated hamartomatous polyps.
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Multiple polyps of mixed benign histologic type 
involving the esophagus, stomach, duodenum, 
small bowel, and colon are the most common GI 
manifestations, seen in 85% of patients (65,66). 
Hamartomatous polyps are the most common 
type; other histologic types include inflammatory 
polyps, juvenile polyps, ganglioneuromas, adeno-
mas, and lipomas (34). Colonic polyps are seen 
in up to 95% of patients with Cowden syndrome 
undergoing colonoscopy and are often small and 
sessile (67). At double-contrast GI study, GI pol-
yps appear as small sessile filling defects “etched 
out” by barium and have a segmental or diffuse 
distribution (59). CT enterography and MR en-
terography are helpful in identification and follow-
up of small bowel polyps, which appear as multiple 
small enhancing nodules (Fig 15) (8).

Diffuse glycogenic acanthosis of the esophagus 
is seen in more than 80% of Cowden syndrome 
patients; it appears as small plaquelike nodules 
distributed in a linear pattern along the longitudinal 
folds of the esophagus and can mimic candidiasis 
at fluoroscopy. At endoscopy, it appears as multiple 
uniformly sized gray-white rounded elevations (Fig 
15) (1). The combination of colonic polyps and 
esophageal glycogenic acanthosis is considered 

pathognomic for Cowden syndrome (1). Hamar-
tomatous lesions in the liver with macroscopic fat, 
calcifications, and a hemangioma-like pattern of 
enhancement and hypoattenuating pancreatic and 
splenic lesions have been described in patients with 
Cowden syndrome (Fig 15) (68). There is a 20% 
lifetime risk of colorectal cancer in patients with 
Cowden syndrome by age 60 years, and it is unclear 
whether cancer develops from a hamartomatous or 
adenomatous polyp (34,65). FDG PET/CT is help-
ful in staging metastatic disease and other primary 
tumors in patients with Cowden syndrome (Fig 16).

Carcinoma of the breast is the most com-
mon malignancy in Cowden syndrome, with an 
estimated 25%–50% lifetime risk in women with 
Cowden syndrome (65). Benign breast lesions 
including fibrocystic breast disease, intraductal 
papillomas, tubular adenomas, and fibroadeno-
mas are also common (Fig 16) (69,70). Mul-
tinodular goiter is the most common thyroid 
abnormality, and nonmedullary thyroid carci-
noma is the second most common malignancy in 
Cowden syndrome patients (Fig 16) (71–73).

Other cancers with a greater incidence in 
Cowden syndrome include papillary renal cell 
cancer and endometrial cancer, with lifetime risks 

Figure 15. Cowden syndrome in a 64-year-old woman 
presenting for follow-up. (a) Coronal contrast-enhanced 
image from CT enterography shows multiple soft-tissue 
small bowel polyps (arrows). (b) Axial contrast-enhanced 
CT image shows a few punctate macroscopic fatty foci in 
the pancreas (arrowhead), consistent with hamartomas. 
(c) Endoscopic image shows multiple whitish plaquelike 
nodules in the esophagus (arrows), consistent with diffuse 
glycogenic acanthosis. Multiple gastric and colonic polyps 
were also present (not shown).
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of 34% and 28%, respectively (69,74). Multiple bi-
lateral hyperechoic lesions in the testes can be seen 
in patients with Cowden syndrome and are consis-
tent with testicular hamartomas (75). At imaging, 
Lhermitte-Duclos disease appears as a hypointense 
nonenhancing cerebellar mass with hypo- and 
isointense striations on T1-weighted images and 
a hyperintense mass with hyper- and isointense 
striations on T2-weighted images with hemispheric 
expansion and preservation of the gyral pattern 
(76). Although rare, AVMs, intracranial aneurysms, 

cavernomas, and meningiomas may also be found 
in patients with Cowden syndrome (65,76).

Individuals affected with or at risk for Cowden 
syndrome should be screened for colon, stomach, 
small bowel, thyroid, breast, uterine, and kidney 
cancers (65). Beginning at age 15 years, patients 
should undergo colonoscopy and esophagogas-
troduodenoscopy, typically every 2 years; the 
frequency may be modified on the basis of polyp 
burden and histologic features (53,65). Women 
should undergo annual endometrial biopsy, 

Figure 16. Multiple malignancies in a 35-year-old man 
with Cowden syndrome. (a) Coronal FDG PET image 
shows an FDG-avid mass in the left colon (arrow) with a 
large region of FDG activity in the liver (arrowhead), corre-
lating to metastatic disease. (b) FDG PET/CT images show 
a left parotid malignancy (top left), nodular thyroid (top 
right), bilateral breast papillomas (bottom left), and colonic 
adenocarcinoma (bottom right).
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are also frequently seen (82). Although there are 
no specific imaging features that separate HDGC 
from sporadic cases of malignant linitis plastica, 
younger age at presentation should raise suspicion 
and warrants further workup (83,84).

Recent advances in MRI provide superior soft-
tissue contrast, and it has been shown to be effec-
tive in T staging of advanced cases of gastric cancer 
(85). Diffusion-weighted imaging (DWI) is espe-
cially helpful in assessment of lymph nodes (86,87). 

Figure 18. HDGC in a 53-year-old woman. Coro-
nal FDG PET/CT image shows circumferential gastric 
soft-tissue wall thickening, luminal narrowing, and li-
nitis plastica appearance with increased FDG uptake 
(arrows). Pathologic analysis demonstrated HDGC, 
and genetic analysis confirmed mutation in the E-
cadherin (CDH1) gene.

Figure 17. HDGC in a 34-year-old woman.  
(a, b) Axial (a) and coronal (b) contrast-enhanced 
CT images show diffuse mural thickening and lu-
minal narrowing of the stomach with a linitis plas-
tica appearance (arrow). (c) Endoscopic image 
shows diffuse nodular masslike thickening of the 
stomach. Pathologic analysis demonstrated diffuse 
gastric adenocarcinoma.

transvaginal US, mammography, and breast MRI 
starting at age 30–35 years (65,67,77). Annual 
thyroid examination including palpation and US 
starting at age 18 years and annual renal US start-
ing at age 40 years and repeated every 1–2 years 
are recommended in Cowden syndrome (67,77).

Hereditary Diffuse Gastric Cancer
The majority of gastric cancers are sporadic, and 
only 3% of cases are due to genetic mutations 
(77). Intestinal-type gastric cancers can be seen 
in patients with Lynch syndrome, FAP, JPS, and 
PJS; however, HDGC is the only known can-
cer syndrome that predisposes to diffuse gastric 
cancer (77,78). HDGC is an autosomal dominant 
syndrome caused by a mutation in the E-cadherin 
gene (CDH1), which encodes the cell-to-cell adhe-
sion protein E-cadherin (77–79).

HDGC is associated with a lifetime risk of dif-
fuse gastric cancer of 67% in males and 83% in 
females (77,79); the majority of cancers develop 
before age 40 years (80). There is also a greater risk 
of lobular breast cancer in women, with a lifetime 
risk of 39%, and colon cancer with signet ring cells, 
with a lifetime risk of 20% (77). Gastric cancers 
in HDGC are commonly multifocal and develop 
under an intact mucosal surface, with signet-ring 
tumor cells infiltrating stroma as single cells (78).

Multidetector CT and FDG PET/CT are 
the imaging modalities of choice for preopera-
tive staging and posttreatment surveillance of 
gastric cancers (81). At imaging, diffuse irregular 
gastric wall thickening (linitis plastica appear-
ance) is commonly seen in diffuse gastric cancer 
(Fig 17). Invasion into adjacent organs, enlarged 
perigastric lymph nodes, and metastatic disease 
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Dynamic contrast-enhanced MRI has shown prom-
ise in predicting tumor histologic type and biologic 
aggressiveness, which in turn can help in forecasting 
patient prognosis (88). FDG PET/MRI is a novel 
technique that can be helpful in preoperative as-
sessment of metastatic disease in comparison with 
multidetector CT (Fig 18) (18). US and MRI are 
useful in surveillance of lobular breast carcinoma 
(83). Given the nonspecific imaging appearances 
of lobular breast carcinoma at mammography and 
US, MRI is helpful in detecting multiple lesions 
and evaluating tumor spread (15).

Diffuse gastric cancer in an individual younger 
than 50 years is always suspicious for HDGC, 
especially if there are other family members with 
gastric cancer or lobular breast cancer (1). Owing 
to the aggressive nature of diffuse gastric cancer 
and its high penetrance, prophylactic total gastrec-
tomy is recommended in asymptomatic carriers 
of the CDH1 gene at 20 years of age (1,5). Before 
performing gastrectomy or if the patient refuses 

gastrectomy, it is recommended to perform esoph-
agogastroduodenoscopy with multiple random 
biopsies every 6–12 months starting 5–10 years 
before the age of the earliest cancer in the fam-
ily (1,5,79). In women, annual breast MRI and 
mammography, along with clinical breast exami-
nation every 6 months, are recommended starting 
at age 35 years or 5–10 years before the age of the 
earliest breast cancer in the family (1). In families 
with cases of colon cancer, it is recommended 
that individuals also undergo annual colonoscopy 
beginning at age 40 years (1).

Hereditary Pancreatic Ductal 
Adenocarcinoma

Up to 10% of pancreatic ductal adenocarcinomas 
(PDACs) are hereditary or familial and can be 
split between two groups: (a) PDACs associated 
with genetic predisposition syndromes such as 
PJS, familial atypical multiple melanoma and mole 
(FAMMM) syndrome, hereditary pancreatitis, 
hereditary breast and ovarian cancer syndrome, 
and Lynch syndrome; and (b) familial pancre-
atic cancer (FPC), a polygenic familial syndrome 
characterized by the presence of at least two first-
degree relatives with PDAC (Figs 19, 20) (89,90). 
The risk of PDAC is highest in families with PJS 
(132-fold risk), hereditary pancreatitis (53-fold 
risk), or FAMMM syndrome (13-fold to 39-fold 
risk) (1). Individuals with FPC may have a 17-fold 
to 32-fold risk of PDAC if there are three or more 
first-degree relatives with PDAC; smoking greatly 
increases this risk (90).

Hereditary pancreatitis is an autosomal 
dominant disorder caused by mutations in the 
PRSS1 or SPINK1 genes and causes recurrent 
bouts of acute pancreatitis at a younger age (90). 
FAMMM syndrome is an autosomal dominant 
syndrome characterized by multiple nevi, mela-
nomas, and PDACs and is due to mutations in 

Figure 19. Familial PDAC in a 62-year-old man whose father died of PDAC at age 41 years. (a) Axial contrast-
enhanced CT image shows a low-attenuation mass in the pancreatic head (arrow). Pathologic analysis demon-
strated PDAC. (b) Coronal image from 3D MR cholangiopancreatography shows dilated intra- and extrahepatic 
bile ducts (arrowheads) due to the obstructive pancreatic head mass.

Figure 20. PDAC in a 69-year-old man with known BRCA1 
gene mutation. Axial contrast-enhanced T1-weighted MR im-
age shows a hypoenhancing mass in the pancreatic head (ar-
row). Tissue sampling demonstrated PDAC.
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the p16/CDKN2A gene (90). Although a major 
genetic mutation has not been implicated in 
FPC, mutations in the BRCA2, PALB2, P16/CD-
KN2A, and ATM genes have been identified in 
up to 20% of FPC cancers; among them, BRCA2 
mutations are the most frequent (91).

In high-risk individuals, PDAC develops from a 
microscopic precursor—pancreatic intraepithelial 
neoplasia (PanIN)—or a macroscopic precursor—
intraductal papillary mucinous neoplasm (IPMN) 
(92). However, a recent study showed the presence 
of the so-called “field effect” of PDAC carcino-
genesis, where 18% of co-occurring IPMNs and 
PDACs are likely independent and seen arising in 
different locations in the pancreas (93). It has been 
established that early molecular alterations leading 
to PDAC are seen in the entire main pancreatic 
duct, although IPMNs or PanIN are seen at few 
locations (93). While main duct and mixed IPMNs 
progress to invasive malignancy in 31%–45.5% 
of cases, branch duct IPMNs progress to invasive 
pancreatic carcinoma in 2.9%–15%, depending on 
the size of the dilated branch ducts (94).

There are multiple complex molecular changes 
in the initiation and progression of PDAC, with 
four main “driver” gene mutations that char-
acterize PDAC and its precursor lesions; these 
include one oncogene (KRAS) and three tumor 
suppressor genes (P16/CDKN2A, TP53, and 
SMAD4) (95). It is suggested that there is a long 
latent period (average, 17 years) for development 
of invasive malignancy from PDAC precursors 
(95). Thus, identification of the precursor lesions 
or their biomarkers is important for early identi-
fication of PDAC, which can potentially lead to 
improved surgical resectability and better prog-
nosis (92,96,97).

Multidetector CT, MRI with MR cholangio-
pancreatography, and endoscopic US play an 
important role in screening, diagnosis, staging, 
and posttreatment surveillance of PDAC (98). 
While multidetector CT is helpful in assessing the 
resectability of PDAC, MRI and endoscopic US 
are useful in screening (92). MRI is considered 
ideal for pancreatic cancer screening owing to its 
improved soft-tissue contrast resolution (99).

Figure 21. PDAC arising from a main duct IPMN in a 57-year-old woman with Lynch syndrome. She had already been 
treated for endometrial, ascending colon, and rectal cancers. (a–c) Axial T2-weighted MR image (a), coronal image 
from 3D MR cholangiopancreatography (b), and axial contrast-enhanced T1-weighted fat-suppressed MR image (c) 
show diffuse dilatation of the main pancreatic duct (arrow in a and b) due to an obstructing hypoenhancing mass in the 
pancreatic neck (arrowhead). (d) Endoscopic US image shows the isoechoic pancreatic mass (arrow). Tissue sampling 
demonstrated PDAC.



RG • Volume 39 Number 5 Katabathina et al 1299

At imaging, PDAC appears as a homoge-
neously hypoenhancing mass in comparison with 
the adjacent pancreatic parenchyma, with associ-
ated parenchymal atrophy and ductal dilatation 
(Fig 21). Hereditary PDACs do not demonstrate 
any distinctive cross-sectional imaging findings 
when compared with sporadic counterparts. A 
well-defined cystic lesion with a branch duct that 
communicates with the main pancreatic duct, 
with or without enhancing septa or solid compo-
nents, is the usual imaging appearance of a side 
duct IPMN, whereas a main duct IPMN mani-
fests as a dilated main pancreatic duct (>10 mm 
in diameter), commonly associated with enhanc-
ing nodules in the periphery (100).

Given the low prevalence of PDAC, screen-
ing the general population is not cost-effective. 
Thus, the current trend is toward identifying 
high-risk individuals, which include members of 
families with FPC or known genetic syndromes 
with significantly increased risk of PDAC (PJS, 
hereditary pancreatitis, and FAMMM syndrome), 
and screening them appropriately to detect early 
pancreatic lesions that can undergo intervention 
(1,101). It is suggested that identified individuals 
with a genetic predisposition for PDAC should 
be screened at centers with experience in such 
screening using a multidisciplinary approach 
(1,92). Cystic pancreatic lesions are the most 
common findings in multiple PDAC surveillance 
studies, and imaging plays a pivotal role in their 
identification (1,92). Given the presence of the 
field effect in PDAC pathogenesis, it is important 
to look for malignancy in IPMNs and everywhere 
in the pancreas (93).

Although there is no consensus on the age to 
begin screening, the following guidelines have 
been recommended: Screening should begin at age 
50 years or 10 years younger than the age of the 
earliest documented case of PDAC in the family. 
Screening for PDAC in patients with PJS typically 
starts at age 35 years, and screening of patients 
with hereditary pancreatitis should begin at age 40 
years (1,96). Owing to the increased PDAC risk in 
smokers, screening should begin earlier (1,89,96).

MRI with MR cholangiopancreatography and/
or endoscopic US is the first test in surveillance of 
PDAC, and subsequent imaging depends on the 
findings of this examination (96). In those with a 
normal pancreas, repeat annual imaging should be 
performed, typically alternating MRI/MR cholan-
giopancreatography and endoscopic US (92,101). 
If a mass smaller than 1 cm is found, follow-up 
imaging should be performed in 3 months; if a 
mass larger than 1 cm is found, it should be re-
sected (89,92). If an indeterminate main pancre-
atic duct stricture is identified, follow-up imaging 
should be performed in 3 months (1,89,90,92,96).

Management of cystic pancreatic lesions in 
the high-risk population is unclear, although the 
American College of Radiology and/or American 
Gastroenterological Association guidelines for 
sporadic cysts are being followed (100,102,103). 
However, surgery is recommended by the major-
ity for side duct IPMNs larger than 2 cm in the 
high-risk population (1,101). MicroRNAs are 
being investigated as serum biomarkers in PDAC, 
although these have yet to become a standard 
part of PDAC management (89,101).

Conclusion
Hereditary GI cancer syndromes can appear 
with benign or malignant GI or extraintestinal 
manifestations. Select pathologic conditions 
demonstrate characteristic imaging findings, and 
the coexistence of cancers and other findings in 
the appropriate clinical setting will suggest the 
possibility of a particular syndrome. Increased 
awareness of these syndromes and management 
guidelines help in characterizing disease involve-
ment and suggesting appropriate screening and 
surveillance techniques and genetic testing.
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