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Abstract

Gastrointestinal polyps are mucosal overgrowths that, if unchecked, can undergo malignant
transformation. Although relatively uncommon in the pediatric age group, they can be the
harbingers of multiorgan cancer risk and require close management and follow-up. Additionally,
as many polyposis syndromes are inherited, appropriate genetic testing and management of
relatives is vital for the health of the entire family. In this review, we discuss both common and
uncommon childhood gastrointestinal polyposis syndromes in terms of clinical presentation,
management, and surveillance. We also detail any additional malignancy risk and surveillance
required in the pediatric age group (<21 years old). Through this review, we provide a framework
for gastroenterologists to manage the multifaceted nature of pediatric polyposis syndromes.
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Gastrointestinal polyposis is overall a rare finding in pediatric patients, but it can be a
harbinger of cancer risk, and it always requires a complete evaluation. In the majority of
polyposis syndromes, the lifetime cancer risk is over 50%, and in some cases approaches
100% (1). This risk can be assessed through careful coordination of genetic testing and
institution of surveillance for both gastrointestinal (GI) and non-GI malignancies. It is
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important to recognize the need for surveillance in these patients to identify early-onset
cancer in adolescence and adulthood.

Cancer risk in pediatric polyposis syndromes extends beyond the gastrointestinal tract, and it
requires the astute provider to recommend and conduct surveillance for cancer and other
medical complications. Specifically, surveillance for thyroid and germ cell malignancies are
important components of care in some syndromes (2). Additionally, other high-risk clinical
findings, such as vascular malformations, are commonly found in association with certain
pediatric polyposis syndromes (3).

Polyposis syndromes are usually diagnosed by a gastroenterologist during upper endoscopic
or colonoscopic evaluation. Next steps depend upon pathologic findings, including planning
for genetic testing for the individual and their family members. In many cases, the
gastroenterologist acts to manage what is often a multi-organ cancer predisposition. Our aim
in this review is to explore pediatric polyposis syndromes—both common and rare—and
define surveillance and management guidelines. We will specifically define guidelines for
genetic testing, a workflow for evaluation and surveillance, and mention the important non-
G| manifestations of each. We hope to provide a guide for gastroenterologists managing
patients with pediatric polyposis syndromes. Additionally, involvement of a genetic
counselor with expertise in cancer predisposition and/or polyposis, can be beneficial in
managing these patients and organizing patient and family testing.

In approaching the care of pediatric polyposis syndromes, it is also important to recognize
that guidelines listed herein should not outweigh clinical findings; should a patient develop
clinical symptoms earlier than the recommended start of surveillance, the provider should
act accordingly to initiate earlier clinical management.

COMMON POLYPOSIS SYNDROMES

Familial Adenomatous Polyposis

Familial Adenomatous Polyposis (FAP), previously called Gardner syndrome, carries the
highest lifelong cancer risk of the common pediatric polyposis syndromes and requires
aggressive management to prevent cancer and other complications. Of note, Gardner
syndrome and Turcot syndrome (referring to both FAP and Lynch syndrome) were
previously accepted eponymous disease names. Although most patients are diagnosed based
on family history, patients may also present with other syndromic features that the astute
clinician should recognize, as described below. Additionally, approximately 25% of cases
are de novo, meaning there is no family history of FAP (4,5). Patients develop adenomatous
polyps in childhood or adolescence, with progressively increasing polyp burden (Fig. 1A, B,
and D). Noncolonic features of FAP can include osteomas of the mandible and skull,
supernumerary and impacted/missing teeth, retinal pigmented epithelium (RPE)
hamartomas, and skin fibromas, epidermoid cysts, lipomas, and pilomatricomas (6-9). Of
note, congenital hypertrophy of the RPE (CHRPE) was initially reported to be associated
with FAP, but more recently FAP-associated retinal lesions have been differentiated from
CHRPE, and instead they are defined as RPE hamartomas associated with FAP (‘RPEH-
FAP”) or pigmented ocular fundus lesions (‘POFL’) (8). However, as the 2 are difficult to
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distinguish by even experienced clinicians, a patient with a diagnosis of CHRPE should still
be considered for FAP testing. The presence of any of the extracolonic findings listed here
should indicate the need for genetic counseling and APC genetic testing, which should be
conducted before initiation of Gl surveillance program.

The majority of patients with FAP have germline APC mutations, and the specific mutation
can indicate disease severity (10). In particular, mutations between codons 1250 and 1464
(particularly codon 1309) can indicate more severe Gl disease; alternately, mutations in the
C-terminal domain can present with more attenuated disease (10). Mutations between
codons 543 to 713 and 1310 to 2011 have been associated with desmoid tumors, and
mutations between codons 311 and 1444 have been associated with RPE hamartomas/POFL
(9-11). Regardless of genotype, patients will require surveillance, but patients with a family
history of attenuated disease may start surveillance later in life. If a clinician is suspicious of
FAP despite negative APC mutational testing, a cancer predisposition evaluation is
warranted as other rare genetic variants can present with a similar phenotype, including
somatic APC mosaicism, biallelic MSH3 deficiency, and biallelic NTHL 1 deficiency
(12,13).

Surveillance for FAP with colonoscopy should start between the ages of 10 and 12 years,
and colectomy should occur in adolescence or young adulthood (Table 1) (2). In patients
with hematochezia or other symptoms, surveillance may start sooner (14). Surveillance with
upper endoscopy should usually start by age 20, or earlier for more severe phenotypes, as
upper Gl polyps usually occur 7 to 10 years after colon polyps (15). Surveillance in this case
should include histologic evaluation of resected polyps for signs of dysplasia and malignant
transformation. Endoscopy should include side-viewing endoscopy of the duodenum, given
the risk of a dysplastic lesion at the papilla, which could be missed on standard endoscopy
view (16). Surveillance may begin slightly later in patients with mutations known to cause
attenuated disease, but should still start before age 18 years (2,10).

Decisions about colectomy are highly patient-specific, but a general guideline is to undergo
a single-stage procedure when polyp burden outweighs ability for removal, with preference
for total abdominal colectomy with ileopouch anal anastomosis (usually with a J-pouch),
versus ileorectal anastamosis (2,17). Choice of surgery should be based on patient
phenotype, and it is important that the patient understand the different needs for ongoing
surveillance with each procedure. This is especially important to consider given the risk of
desmoid tumors in patients with FAP, which increases significantly postoperatively; risk can
be decreased by minimizing abdominal instrumentation (18,19). Ongoing surveillance of
ileal pouch and/or rectal cuff is necessary postsurgery, and risk of ileal pouch adenoma
increases in the years postcolectomy (75% risk at 15 years postcolectomy, with higher risk
in patients with higher polyp burden) (20,21). Additionally, ongoing surveillance with upper
endoscopy on an every 1 to 4-year basis is necessary, based on the upper GI polyp burden
17).

Patients with FAP also require surveillance for thyroid cancer, as they are at increased risk of
papillary thyroid cancer (particularly cribriform-morular variant), with an increased risk in
female patients, thus thyroid examination or ultrasound should start at age 15 to 18 years
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(17,22-24). FAP patients should also have an annual neurologic examination, given risk of
medulloblastoma, which can be done by their gastroenterologist or other provider, and does
not need neurology subspecialty referral or imaging unless there are abnormalities
uncovered (2,17). There is some debate as to whether these patients should undergo
surveillance for hepatoblastoma, given the slight increase in prevalence in patients with an
APC mutation; generally, this requires discussion with the family regarding risk and is not
routinely recommended (14,25,26). Patients with a family history of desmoid tumor should
also undergo routine abdominal MRI every 3 to 5 years postoperatively from colectomy
(2,17). Recommendations for family testing are discussed further below; FAP is autosomal-
dominant and parents and siblings should be offered testing when a mutation is identified.

Juvenile Polyposis Syndrome

Juvenile polyposis syndrome (JPS) is associated with a 10% to 50% increased risk of
colorectal cancer, with median age of onset of 35 years and occasional gastrointestinal
cancer in childhood (27). Patients present childhood or adolescence in the setting of
hematochezia and anemia, but presentation can take a variety of forms. Rarely, patients will
present with severe anemia and/or signs of obstruction from polyposis. On histology,
juvenile polyps have specific pathologic features that aid in diagnosis of the syndrome (Fig.
1G), but they can be confused with inflammatory pseudopolyps (Fig. 1H). The presence of 5
or more juvenile polyps in the colon, any number of juvenile polyps present on both upper
and lower endoscopy, or any number of juvenile polyps with a positive family history are all
sufficient to make the clinical diagnosis of JPS (17,28,29).

Patients should be offered testing for SMAD4 and BMPR1A mutations, as these are the 2
known germline alterations to cause JPS and can occur de novo (30). SMAD4 and BMPR1A
are both members of the TGF-B/BMP pathway and are involved in intestinal development
and maintenance of the intestinal epithelium. Genotype-phenotype correlation has been
described in SMAD4, associated with more severe gastric disease and also associated more
severe and earlier onset disease occurring in exons 4 to 8 (31). In many patients (40%—60%),
an aberration in either gene will not be present, and the underlying germline cause will
remain unknown (27). Given the significant number of patients without a known mutation,
Gl surveillance should be considered in all first-degree relatives starting at age 15 years,
even if a mutation is not identified (Table 2) (30-32).

Surveillance timing and intensity depends significantly on the polyp burden in an individual
patient, but should occur at least every 1 to 3 years in affected patients, with earlier interval
follow-up if polyp burden is higher (Table 1) (2,17). As with FAP, surveillance should
include histologic evaluation of resected polyps for signs of dysplasia and malignant
transformation. Patients with JPS because of a SMAD4 mutation should also be evaluated
for hereditary hemorrhagic telangiectasia (HHT), particularly with certain hotspot
mutations; for this reason, genetic testing earlier in life (at birth) is recommended. Patients
with a known SMAD4 mutation should undergo a physical examination (including
neurologic examination to evaluate for evidence of any deficits indicating possible vascular
malformation) and echocardiogram evaluation, and are best managed by a provider with
experience in HHT as bleeding can be life-threatening. Additionally, although there is a
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slightly increased risk of pancreatic and small intestinal cancer in adulthood, there are no
current recommendations for surveillance of these organs (17,28,29).

Peutz-Jeghers Syndrome

Patients with Peutz-Jeghers syndrome (PJS) are often clinically evaluated for other
syndromic features, particularly oral freckling, before diagnosis of polyposis (2). Similarly,
they can present with signs of precocious puberty before manifestations of any
gastrointestinal symptoms (33). PJS can be recognized in infancy because of freckling
around the mouth, nostrils, perianal area, dorsal aspects of the hands and feet, and fingers
and toes. Oral freckling is not pathognomonic for PJS, but should raise clinical suspicion
and requires evaluation, as lesions can fade with age (9,33). Polyps in PJS (Fig. 1E and F)
are of a specific arborizing histologic subtype, and can grow significantly in childhood and
cause symptomatic GI obstruction/intussusception, particularly, in the small bowel. Over
90% of patients with clinical PJS will have a germline mutation in the STKZ1 tumor
suppressor gene, which can be de novo, and genotype-phenotype correlations are not well-
defined (34). Diagnosis can also be made clinically when an individual has 2 or more of the
following: 2 or more PJS-type polyps, mucocutaneous hyperpigmentation (lips, mouth, nose,
eyes, genitalia, fingers), and family history of PJS (17).

The purpose of Gl surveillance in childhood is to prevent complications from polyp
obstruction, including intussusception and bleeding, as cancer risk starts mainly in
adulthood; additionally, it is controversial whether CRC risk results from malignant
transformation of PJS polyps or is a separate process (33). For this reason, all PJS patients
should undergo surveillance early in life for a polyposis phenotype, and if present should
undergo continued surveillance. This should start with colonoscopy, endoscopy, and small
bowel imaging (magnetic resonance enterography or video capsule study) at the age of 8 to
10 years (2,17,33,35). If polyps are found on initial study, evaluation should be repeated
every 2 to 3 years; if the initial study is negative, next Gl imaging can be deferred to 18
years of age, and then repeated at 2- to 3-year intervals (Table 1) (17). Additionally, if a
patient presents with symptomatic intussusception, the recommendation would be for
surgical resection rather than radiologic/endoscopic reduction (35).

Patients with PJS should also be evaluated for signs of precocious puberty, and are at risk for
sex cord/stromal tumors, particularly large-cell calcifying Sertoli cell tumors (of note,
precocious puberty may be present without presence of a tumor). In male patients,
gynecomastia can be an indicator of precocious puberty and can be reversed with medical
management (36). If signs of precocious puberty are present, however, patients should be
evaluated by an oncologist or endocrinologist with ultrasound and testosterone levels as
indicators of an underlying malignancy. In the absence of these signs, patients with PJS
should still be evaluated with annual physical examination (33). In adulthood, risk of breast,
pancreatic, and lung cancer increases and screening will commence (Table 1), although it is
important to counsel teenage patients not to smoke, or to stop smoking if they have started
@av).

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2020 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

MacFarland et al. Page 6

PTEN Hamartoma Tumor Syndrome (Also Known as Cowden Syndrome, or Bannayan-
Riley-Ruvalcaba Syndrome)

PTEN Hamartoma Tumor Syndrome (PHTS) can present in childhood in a variety of ways,
and occasionally polyposis may occur in the pediatric age group, most commonly presenting
with hematochezia. Other indicators of this syndrome include macrocephaly and autism
spectrum disorder. The term PHTS refers to any patients with an underlying germline PTEN
mutation, and can encompass patients meeting clinical criteria for Cowden syndrome,
Bannayan-Ruvalcaba-Riley syndrome, Proteus syndrome, and Proteus-like syndrome.
Although recommendations do not specify the need for surveillance colonoscopy/endoscopy
in the pediatric age group, providers should be aware of the possibility if patients present
with symptoms, as the majority of patients with this syndrome will develop polyposis (37).
PHTS is considered a mixed polyposis syndrome, with multiple polyp types including
juvenile, hamartomatous, inflammatory, ganglioneuromatous, lipomatous, and others (Fig.
1) (38). Patients will require thyroid screening starting at the age of 7 years (39).

Genotype-phenotype correlations have been shown to correlate with multiple adult-onset
cancers, but this will not be discussed in detail in this review. In brief, promoter mutations
have been shown to correlate with breast and colon cancer risk, and variants with partial loss
of PTEN function have been associated with autism risk (40,41). There has not been any
genotype-phenotype correlation shown to relate to other features of disease, such as
macrocephaly and polyposis (40), and it is not currently recommended that mutation type
should guide surveillance recommendations.

RARE POLYPOSIS SYNDROMES

Constitutional Mismatch Repair Deficiency

Constitutional mismatch repair deficiency (CMMRD) is a newly recognized cancer
predisposition syndrome that can present in infancy with polyposis (42). Patients may
present with early-onset malignancy, a significant familial cancer history, and have other
clinical features, such as café-au-lait hyperpigmented lesions, agenesis of the corpus
callosum, and immunoglobulin deficiency (43). Although a heterozygous DNA-mismatch
repair defect can cause Lynch syndrome (an adult-onset colorectal cancer syndrome), a
homozygous or compound heterozygous defect in DNA repair leads to significant
anticipation of symptoms and early onset of polyposis. The cancer risk in this syndrome also
extends to other tumors, including brain tumors and leukemia/lymphoma (44). Thus, the
proposed guidelines for surveillance start in infancy for brain tumors, and onset of
colonoscopy and endoscopy should start no later than 6 years of age (43,45). Should there be
concern for CMMRD, the patient should be referred to a cancer predisposition program to
initiate intensive screening protocols, such as those recommended by the American
Association for Cancer Research guidelines (43).

As CMMRD is a relatively new cancer predisposition syndrome, it is important that should a
patient present with concerning features, such as early-onset polyposis, café-au-lait macules,
and/or early onset malignancy, they should be evaluated by a cancer predisposition
specialist. Certain rare variants in DNA repair genes (such as the V411L variant of POLE)
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may confer a similar phenotype (46). The proofreading associated polyposis syndrome
associated with POLE and POLD1 is usually an adult onset syndrome, but mutations in the
exonuclease domain of these genes may lead to childhood onset disease (47).

10g23 Deletion

10923 deletion including BMPR1A and PTEN can be a compound syndrome leading to
extremely early onset of polyposis and high likelihood of needing a colectomy. Although
rare, case reports describe onset of polyposis before the age of 6 years, which can occur
anywhere in the Gl tract and can present with bleeding and/or obstruction (48-50). Early
colectomy is also likely to be required in this syndrome based on these reports, but there are
no established guidelines for surveillance. On the basis of the available data, we propose the
start of fecal occult blood surveillance at time of diagnosis, followed by annual colonoscopy
with onset of positive fecal occult blood testing. However, given the rarity of this syndrome
and lack of evidence to support this approach, surveillance should be timed as deemed
appropriate by the provider based upon clinical findings.

Serrated Polyposis Syndrome

Serrated polyps are often found in adult patients (21% of asymptomatic individuals), but the
finding of several such pathologically defined polyps should raise concern for serrated
polyposis syndrome (51). Serrated polyposis syndrome is defined by the presence of at least
5 serrated polyps in the proximal colon (at least 2 of which are >10 mm), and/or at least 1
serrated polyp proximal to the sigmoid colon with a family history of SPS, and/or more than
20 serrated polyps throughout the colon (Fig. 1C) (17,52). Of note, the pathologic term
“serrated polyp” has undergone many changes over the years and can include hyperplastic
polyps, sessile serrated adenomas, and traditional serrated adenomas, so involvement of an
experienced pathologist in diagnosis is recommended. Although germline RNF43 mutation
was recently identified as a rare cause of serrated polyposis (53), a germline driver mutation
may not be found in individual patients.

The risk of colorectal and extracolonic cancer in patients with serrated polyposis is high
(incidence ratio 18.72 for CRC and 31.20 for extracolonic cancer); however, surveillance for
extracolonic cancer is not currently recommended (52,54). Recommended surveillance for
patients with serrated polyposis syndrome is annual colonoscopy, with possibility to space to
every 3 years if the polyp burden is low. There is currently no standard genetic testing that is
done in these patients, although if other nonserrated adenomas are present, an argument can
be made for multigene polyposis panel testing. For family members, first degree relatives
should have surveillance starting 10 years earlier than first family CRC diagnosis, age 40, or
at the age of onset of serrated polyposis in unaffected family members, whichever is earlier
17).

Hereditary Mixed Polyposis Syndrome

Hereditary mixed polyposis syndrome is an autosomal-dominant polyposis syndrome with
increased risk of CRC, almost exclusively seen in the Ashkenazi Jewish population (55).
Patients can present with many different morphologies including adenomatous polyps,
juvenile polyps, serrated polyps, Peutz-Jegher type polyps, and occasionally polyps with
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mixed elements (56). Additionally, these patients do not have extracolonic features of
disease (56). This syndrome is because of increased GREMI expression because of
duplication of the GREMI promoter (57). Of note, targeted testing should be done, as these
duplications can be missed in panel/exome sequencing (58). Phenotype is varied and
heterogeneous among families, with a trend towards rapid progression from polyposis to
advanced/dysplastic adenomatous lesions when compared with other polyposis syndromes
(55,59). Although surveillance does not start until adulthood in asymptomatic family
members (ages 25 years), if polyps are identified in the pediatric age group, the patient
should then be followed with annual colonoscopy (59).

Adult Polyposis Syndromes

Although a full discussion of adult-onset polyposis syndromes is outside the scope of this
article, rarely some patients with these syndromes can present with symptomatic polyposis
in the pediatric age group, especially those syndromes discussed previously. Lynch
syndrome, polymerase-proofreading-associated polyposis, and MUT Y'H-associated
polyposis are not expected to have a pediatric presentation, and families should be counseled
that screening is not indicated in asymptomatic children unless there is family history of
very onset CRC (less than 25 years). Additionally, conditions that are mainly adult-onset and
are very rare, including MSH3-associated polyposis and N7LHZ-associated polyposis, will
not be discussed in this context, but should be considered in phenotypically concerning
individuals with otherwise negative genetic testing, as noted above.

MANAGEMENT OF INDETERMINATE POLYPOSIS

The current guidelines recommend evaluation based on known clinical and genetic
diagnostic criteria, but in many cases, pediatric patients will present without diagnostic
features of a specific syndrome. For example, the presence of juvenile polyps in inadequate
numbers to reach a clinical diagnosis of JPS could be followed clinically and with further
surveillance if symptomatic, as there is a 17% chance that additional juvenile polyps will
develop (30,60). Evaluation for fecal occult blood can be considered in absence of
symptoms. Similar guidelines could be followed in patients with a single PJS-type polyp or
serrated polyp, which is inadequate to qualify as diagnostic for either syndrome, or other
single indeterminate polyps.

Adenomatous polyps are an uncommon finding in children, and the presence of 1 to 2
adenomatous polyps in children should be concerning enough to warrant further evaluation
with colonoscopy/ endoscopy at a 5-year interval (or sooner with symptoms), similar to
adult-screening guidelines (61). Additionally, even if family history is negative, we would
recommend evaluation for underlying APC aberration in patients with the presence of more
than 1 to 2 adenomatous polyps in childhood.

MANAGEMENT OF FAMILY MEMBERS

When a patient is diagnosed with a familial polyposis syndrome, it is imperative to also
consider the screening needs of other family members. This is detailed in Table 2 for each of
the syndromes discussed above. Of note, even if a parent has not had symptoms of a
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syndrome, it is still important to discuss screening. Additionally, even if parents test negative
for a genetic syndrome, testing of siblings should still be considered, given the risk of
gonadal mosaicism.

For several of the syndromes discussed above, especially JPS, there is a chance that no
mutation will be detected in the pediatric patient. In those cases, where genetic testing is not
informative, it is important to offer screening to parents and siblings with colonoscopy/
endoscopy at the age indicated in Table 2. Involvement of a genetic counselor and/or a
childhood cancer predisposition program can be helpful in deciding on next steps for family
member evaluation.

CONCLUSIONS

Polyposis in childhood can be a harbinger of cancer predisposition requiring lifelong
surveillance and involvement of other subspecialties. By paying attention to other pertinent
clinical features and conducting appropriate genetic testing and routine surveillance, major
complications can be avoided in these patients. The involvement of a multidisciplinary
polyposis team—including gastroenterology, oncology, genetics, and surgery—can assist in
access to appropriate surveillance and other psychosocial supports for affected families.
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What Is Known

. Familial adenomatous polyposis, Peutz-Jegher syndrome, juvenile polyposis
syndrome, and other polyposis syndromes can present with hematochezia and
obstruction in childhood or adolescence.

. Pediatric polyposis syndromes may be harbingers of cancer risk and require
close follow-up with gastrointestinal surveillance.

What Is New

. Pediatric Cancer Predisposition guidelines have been recently formalized and
require close interval followup, including gastrointestinal and
nongastrointestinal screening

. Involvement of a genetic counselor or cancer risk team can help to facilitate
surveillance of affected patients and genetic testing of family members.

. Recent guidelines published by the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition recently addressed the 3 most
common of these syndromes; we expand on these recommendations to
provide guidance on nongastrointestinal complications and surveillance.
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FIGURE 1.
Histology of common gastrointestinal polyps. (A and B) Tubular adenoma; colon of 16-

year-old girl with FAP. Surface hyperchromasia is caused by epithelial proliferation
(adenomatous change), characterized by nuclear crowding and elongation, loss of
cytoplasmic mucin, apical mitoses, and basal apoptotic bodies (arrows in B). (C) Sessile
serrated adenoma; cecum of 17-y-old boy with Crohn colitis. Crypts have irregular, serrated
luminal borders and lateral extension at the base along the muscularis mucosa (arrows). (D)
Fundic gland polyp; gastric body of 16-year-old girl with FAP. Oxyntic mucosa with dilated
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central glands lined by a combination of parietal and mucous cells. Focal adenomatous
change (arrows) is a rare finding. (E and F) Peutz-Jeghers polyps; (E) jejunum of 19-year-
old woman with Peutz-Jeghers syndrome, (F) cecum of 8-y-old girl with Peutz-Jeghers
syndrome. Polyps have an arborizing architecture, with smooth muscle cores (arrows)
surrounded by benign mucosa. (G) Juvenile polyp; rectum of 2-year-old boy with rectal
prolapse. Central dilated and mucin-filled crypts are set in an inflamed lamina propria; the
surface is often ulcerated and has the appearance of granulation tissue (arrows). (H)
Inflammatory pseudopolyp; cecum of 19-year-old woman with Crohn colitis. In contrast to
juvenile polyps, inflammatory pseudopolyps lack central crypts, often contain only
granulation tissue-like stroma (arrow), and are usually seen in a background of inflammatory
bowel disease. (I and J) Polypoid ganglioneuroma; colon of 9-year-old boy with juvenile
polyposis syndrome. Lamina propria is replaced by proliferation of schwannian stroma with
interspersed mature ganglion cells (arrows in J).
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