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ABSTRACT

Familial adenomatous polyposis (FAP) is a well-described inherited syn-
drome, characterized by the development of hundreds to thousands of
adenomas in the colorectum, with implications in children and adolescents.
Almost all adult patients will develop colorectal cancer if they are not
identified and treated early enough. Identifying and screening for FAP
commences in adolescence. The syndrome is inherited as an autosomal
dominant trait and caused by mutations in the adenomatous polyposis (APC)
gene. This European Society for Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) position paper provides a guide for diagnosis,
assessment, and management of FAP in children and adolescents. This is the
first position paper regarding FAP published by ESPGHAN. Literature from
PubMed, Medline, and Embase was reviewed and in the absence of
evidence, recommendations reflect the opinion of paediatric and adult
experts involved in the care of polyposis syndromes. Because many of
the studies that form the basis for the recommendations were descriptive
and/or retrospective in nature, these of the recommendations are supported
on expert opinion. This position paper will instruct on the appropriate
management and timing of procedures in children and adolescents with FAP.
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he aim of this evidence-based and consensus-based position
statement, commissioned by the European Society for
Paediatric Gastroenterology Hepatology and Nutrition (ESP-
GHAN) is to provide a comprehensive review of the diagnosis
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What Is Known

* There are published guidelines for the management
of familial adenomatous polyposis in adults. In pae-
diatric practice, timing of diagnosis, screening colo-
noscopies, and colectomy varies across institutions
and between paediatric and adult clinicians, and
between different countries.

* There are no prior published evidence-based guide-
lines specifically for children and adolescents at risk,
or affected by familial adenomatous polyposis.

What Is New

* We provide clear recommendations regarding the diag-
nosis, assessment, screening, and treatment of familial
adenomatous polyposis in children and adolescents.

* This position paper represents a useful practical guide
to assist paediatric gastroenterologist involved in the
care of paediatric polyposis syndromes.

and management of familial adenomatous polyposis (FAP) in
paediatric patients. This position statement will address the issue
of diagnosis, time to screen at risk children, role and timing of
colonoscopy, and colectomy and risk of cancer. This is not designed
to be a comprehensive overview of FAP and its complications.
This undertaking is the first position paper published on FAP
in the paediatric age group. Our aspiration is that the guideline may
lead to a degree of standardization in the approach and management
of FAP thereby contributing to excellence and correct timing of
diagnosis and treatment. This article represents the basis for further
data collection and research to develop a more robust paediatric
evidence base to guide future decisions regarding managing this
polyposis syndrome, with a view to updating this advice in 3 years.

METHODS

ESPGHAN commissioned position papers on polyposis syn-
dromes in 2016. Three task force leaders (W.H. for FAP, S.C. for
juvenile polyposis syndrome and A.L. for Peutz-Jeghers syndrome)
invited the listed authors to participate in the project. The key
questions for important management issues were identified by the
core team and working group in face to face meetings in 2016 and
2017 and then approved by the other members. Each task force
performed a systematic literature search to prepare evidence-based
and well-balanced statements on their assigned key questions.
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Searches were performed in PubMed and EMBASE and Medline
and Cochrane (publication year from 2000 to 2017) or before if
needed, including as a minimum the key words ““ paediatric,” or
“adolescent” or ‘“‘teenage’ and “‘familial adenomatous polyposis.”
Case reports and articles in languages other than English were
excluded. When insufficient information or publications were
available in specific paediatric or adolescent papers then the search
was broadened to include publications regarding adult patients.
References in these documents were also searched to ensure
acquisition of relevant source data. In the absence of evidence
we relied on the expert of opinion and personal practice of the
authors. The working group comprised paediatricians involved in
the care of paediatric polyposis patients, experts from the field of
adult polyposis disease and contributions by surgeons.

All articles studying FAP in the age range were selected by
title or abstract. The abstracts and then the full publications were
reviewed. Although FAP is a rare condition, most articles were not
amenable for grading by the level of evidence and strength of
recommendation according to the GRADE system (Grading of
Recommendations Assessment, Development and Evaluation).
Many articles were case series, with its attendant report bias.
International guidelines were reviewed, and their evidence and
referenced papers were also assessed. Each task force proposed
statements on their assigned key questions, which were discussed
by email exchange or face-to-face meetings and voted on during the
subsequent year. In April 2018, a draft prepared by W.H. was sent to
all group members and then subsequently modified. In ESPGHAN
2018, all members of the faculty discussed and reworded the final
manuscript, and voted on the statements included in this article.

The manuscript was then submitted to the Journal of Paedi-
atric Gastroenterology and Nutrition for publication in full length.

FAMILIAL ADENOMATOUS POLYPOSIS
INTRODUCTION

In children, gastrointestinal (GI) colonic adenomas are
almost always associated with hereditary adenomatous polyposis
syndromes. FAP is characterized by the development of up to
hundreds or thousands of adenomas in the colon and rectum and
several extracolonic manifestations. Polyps begin to appear in
childhood or adolescence and increase in number with age. The
standard clinical diagnosis of typical/classical FAP is based on the
identification of >100 colorectal adenomatous polyps. By the fifth
decade, colorectal cancer (CRC) is almost inevitable if colectomy is
not performed. Attenuated FAP (AFAP) is a milder form of the
disease which is observed in 8% of cases. It is characterized by
fewer adenomas and later presentation. Such cases are less likely to
present in childhood. There are many extraintestinal manifestations
which are apparent in childhood (Table 1).

FAP is an autosomal dominant inherited condition caused by
a mutation in the adenomatous polyposis gene (APC) gene occur-
ring in 1 to 3:10,000 births, with almost 100% penetrance. In 20% to
30% of cases the condition is caused by a spontaneous mutation
with no clinical or genetic evidence of FAP in the parents or family.

The gene responsible for FAP, APC (adenomatous polyposis
coli), is located on chromosome 5g21 and appears to be a tumour
suppressor gene, that is part of the WNT signalling pathway. Most
mutations are small deletions or insertions which result in the
production of a truncated APC protein. In FAP, a germline mutation
inactivates 1 of the 2 APC alleles. Many mutations have been
identified on this large gene and there is a correlation between the
genetic site and severity of clinical manifestation (Fig. 1). There are
some common mutational hotspots forming mutation cluster
regions. Mutations between codons 1250 and 1464, and especially
those with a mutation at codon 1309, are associated with a more
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TABLE 1. Extracolonic manifestation of familial adenomatous polyposis

Site Examples

Bone Osteomas, mandibular, and maxillary (50%—90%)
Exostosis
Sclerosis

Dental abnormalities Impacted or supernumerary teeth

Unerupted teeth (11%—27%)

Desmoid tumours (10%—-30%)

Excessive intra abdominal adhesions

Fibroma

Subcutaneous cysts

Eyes Congenital hypertrophy of the retinal pigment
epithelium

CNS Glioblastomas, eg, Turcot syndrome

Adenomas Stomach

Duodenum

Small intestine

Adrenal cortex (7%—13%)

Thyroid gland

Thyroid gland (2%-3%)

Adrenal gland

Liver Hepatoblastoma (<1%)

Connective tissue

Carcinomas

CNS = central nervous system.

severe colonic phenotype of FAP. Mutations localized at the
extreme ends of the gene and in the alternatively spliced part of
exon 9 are associated with an AFAP, and an intermediate expression
of disease is found in patients with mutations in the remaining parts
of the gene. Other phenotype-genotype correlations have been
observed. Each child of an affected individual carries a 50% chance
of inheriting the mutated gene.

MY H-associated polyposis is characterized by the presence of
adenomatous polyposis of the colorectum. Patients more commonly
present in adulthood with a variable number of polyps but no apparent
extraintestinal features. It may mimic FAP and lead to diagnostic
confusion. This is an autosomal recessive condition and has no
paediatric implications, so will not be discussed in this article.

Recommendation 1:

At what age should predictive genetic testing
be offered in children at risk of inheriting FAP?

Recommendation 1:

Predictive genetic testing should be offered to at risk
children at age 12 to 14 years. Families should receive
genetic counselling before and at the time of testing.
Children who are symptomatic with rectal bleeding
should undergo earlier testing (weak recommendation,
low-quality evidence, consensus agreement 100%).

Although the earliest colonic manifestation of FAP is mostly in
the early teenage years, and CRC are exceptionally rare before the age
of 20 years in FAP, current practice is to offer predictive genetic
testing for FAP to children at risk from age 12 to 14 years onwards.
Although adenomas may first appear age 8 to 12 years, these are
largely not clinically significant. Some patients may, however,
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FIGURE 1. Genotype phenotype correlations of the APC gene. FAP = familial adenomatous polyposis.

develop symptoms earlier if they have an unfavourable phenotype.
There is consensus amongst genetic authorities that predictive genetic
testing should be performed at an age corresponding to the earliest
onset of the disease. Presymptomatic and predictive testing can be
postponed or prearranged either until a child is able to give his or her
own consent, or there is a clinical requirement to know the result to
inform on whether to embark on colonoscopic surveillance. (1,2).
Age 12 to 14 years would meet the criteria suggested above, but there
may be some children with maturity and understanding in whom
consent can be obtained at the age of 10 to 12 years.

Despite this recommendation, some parents will request
predictive genetic testing for FAP at a much earlier age citing that
if the result is negative this will provide reassurance both for
themselves and for the child. The main arguments against genetic
testing at a younger age are respect for the child’s autonomy and
largely theoretical potential psychosocial harm. Other consider-
ations regarding the age of genetic testing relate to whether the
family may be lost to later contact if the testing is delayed to teenage
years, or there is a risk to the professional working relationship with
the family, especially since the counsellor or doctor will need to
negotiate consent, procedures, or colectomy in the challenging
adolescent age group. Genetic counsellors should advise on why
deferring genetic predictive testing until the age 12 to 14 years is in
the interest of the child, plus leaving the decision with the family,
after a period of reflection (3). It is not unusual for parents to request
earlier testing so that siblings may all be tested at the same time, or
the parents want relief from their own uncertainty about the child’s
carrier status. In reported case series, there is no evidence of adverse
consequences of genetic testing in children younger than 10 years,
nor impact on parent-child relationship (4). Nor do children show
significant distress over the first year following predictive testing
for FAP (5). All genetic testing should be preceded by counselling
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regarding the implication of the result by clinicians experienced in
the management of the disease or by genetic counsellors (6), with 1
study advocating ongoing contact with genetics long after testing
(7). This would ensure onward care to experts in polyposis and
access to polyposis registries.

Clinical circumstances exist when testing at a younger age
(<10 years) may be necessary. In particular the presence of rectal
bleeding, especially when the family mutation is associated with a
more aggressive phenotype (eg, codon 1309) would be an indication
for earlier genetic testing and colonoscopy (8).

Recommendation 2:

How should the genetic testing be interpreted
in FAP?

Recommendation 2a:

In relation to predictive testing, if the child is found to
have the familial APC variant, they have a diagnosis of
FAP. If the familial APC variant is absent in the child, then
they have not inherited FAP.

Recommendation 2b:

In a patient with colonic adenomas who undergoes genetic
testing for FAP (diagnostic testing), the finding of a patho-
genic variant will confirm the diagnosis of FAP. If no patho-
genic variant is identified, this does not exclude FAP.

(strong recommendation, moderate-quality evidence,
consensus agreement 100%)

www.jpgn.org
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Predictive Testing

In a child from a family pedigree known to be affected with FAP,
to define which screening protocol is appropriate for a given family, the
first step is to determine, where possible, which APC mutation is
present in the FAP affected index member in the family. For the 90% to
95% in which a mutation is detected, at-risk relatives can be offered
predictive genetic testing. Identifying the family gene mutation test
confirms the diagnosis of FAP and the child/adolescent should undergo
colonoscopic assessment. A negative test is considered accurate in
excluding FAP and the patient should be considered to hold an average
population risk for the subsequent development of adenomas and
cancer and can be discharged from follow-up. Those patients in whom
the familial mutation has not been successfully sequenced and identi-
fied as a pathogenic mutation (5%—10% of families), then FAP has not
been excluded in this individual, they should not be discharged and they
should undergo endoscopic surveillance (Fig. 2).

In children from families in which the mutation is not known or
cannot be identified, the genetic testing is noninformative and it will
not be possible to offer predictive testing to asymptomatic at-risk
children. Protocols vary but current approach is to perform colonos-
copy on all first-degree relatives from the age of 12 to 14 years every 3
to 5 years until adenomas are found. If by the age of 20 years, no
adenomas have been identified despite the use of chromoendoscopy,
colonoscopy should be performed at 5 yearly intervals.

Diagnostic Testing

De novo genetic mutations account for 15% to 20% of cases of
FAP. When colonic adenomas have been identified in a child at
colonoscopy, for example, for rectal bleeding, they should be exam-
ined for extracolonic features of FAP, for example, skin, dental, or

bone manifestations (Table 1), and the family referred to a specialist
or a geneticist for counselling for diagnostic genetic testing, and a
detailed family history. At genetic testing, if a pathogenic mutation is
identified, then the diagnosis of FAP will have been confirmed and
other first-degree relatives should be offered predictive testing
(Fig. 3). If no pathogenic mutation is identified, then other family
relatives cannot be offered diagnostic testing, and they should be
referred for colonoscopy. If a variant of unknown significance is
identified, then the advice of a geneticist should be obtained but until
more work has been performed, as such variant of unknown signifi-
cance cannot be used for predictive testing.

Recommendation 3:

At what age should colonic surveillance
commence in children predicted to be
affected by FAP?

Recommendation 3:

In those confirmed to have FAP on predictive genetic
testing, and those considered at risk where genetic
testing is not possible, colonic surveillance should com-
mence age 12 to 14 years. Once adenomas have been
identified, intervals between surveillance colonoscopy
should be individualized depending on colonic pheno-
type every 1 to 3 years. Rectal bleeding or mucous
discharge should lead to a colonoscopy at any age.

(weak recommendation, low-quality evidence, consen-
sus agreement 100%)

performed

Child referred for predictive genetic test

il

Family APC gene
mutation known

ll

Family APC gene mutation not

known or not identified in index
family member

Adolescent identified to
have the familial mutation
and therefore predicted
to develop FAP

Adolescent NOT identified to
have the familial mutation
and therefore NOT predicted
to develop FAP

Predictive genetic
testing cannot be
offered

il

T

I

Commence colonic

surveillance age 12-14 years

Discharge

Commence 5 yearly
colonoscopy with dye

spray after age 12-14
years

FIGURE 2. Interpreting genetic testing in FAP—predictive testing. FAP = familial adenomatous polyposis.
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Colonic adenomas identified at colonoscopy.
Germline APC genetic testing performed

il il

il

Pathogenic APC
mutation identified

ﬂ 0

No APC mutation
identified”

APC mutationis a
variant of unknown
significance (VUS)*

|

FAP confirmed. Offer
predictive genetic
testing to other first
degree family
relatives

Manage patient as
though they have FAP.
FAP neither genetically
confirmed nor refuted. At
risk family members
screened by colonoscopy

* Panel testing is generally
performed. Therefore, other
genes (eg MUTYH, POLE,
POLD1), which may be

responsible for adenomatous
polyposis, will also be checked.
If a germline pathogenic variant
is detected in one of these other
genes, then the patient is
managed accordingly for that

condition.

FIGURE 3. Interpreting genetic testing in FAP—diagnostic testing. FAP = familial adenomatous polyposis.

Children and adolescents predicted to develop FAP should
undergo colonoscopic surveillance. Patients should not wait until
they are symptomatic before they undergo their first colonoscopy.
A study comparing patients with FAP who presented with
symptoms compared with relatives of patients referred for screen-
ing, observed a much lower incidence of CRC in those screened
by colonoscopy (incidence 3%—10%) compared to those patients
who presented with symptoms (50%—70%) (9). Of note this
article reflected practice in the late 1980s and range of age of
diagnosis in those patients being screened was variable, from age
8 to 59 years, yet this publication does add evidence to the value
of presymptomatic screening and recall through a polyposis
registry.

Although CRC is particularly rare under age of 20 years, we
recommend starting colonoscopy before the onset of symptoms, age
12 to 14 years, after diagnostic genetic testing has been performed
in at-risk children. This is in agreement with other international
guidelines (10).

The role of colonoscopic surveillance is to assess adenoma
burden and determine adenoma distribution especially in the
rectum as these impact on surgical options for colectomy. Extra
time should be spent in the rectum counting adenomas, especially
those = or >2mm. If polyps are small or hard to visualize,
chromoendoscopy should be considered to improve visibility
of polyps.

The National Comprehensive Cancer Network guidelines
(11) for asymptomatic patients with a known APC mutation
recommend either colonoscopy or sigmoidoscopy every
12 months starting age 10 to 15 years. Although this National
Comprehensive Cancer Network guideline advocates annual

432

colonoscopy, there is no evidence for accelerated carcinogenesis
and therefore no indication that the colonoscopy should be
performed every year. The risk of developing cancer in teenage
years is as low as 0.2% (10), so waiting 1 to 3 years between
colonoscopy would appear safe, so long as families are not lost to
follow-up if endoscopies are as far apart as every 3 years (eg, in
those patients with less than a total 50 adenomas under 2 mm at
colonoscopy).

It should be acknowledged there is a phenotypic variation in
this age group and the interval between colonoscopies needs to
reflect this. Intrafamilial variation is well recognized so relying on
family history alone is unsafe. The presence of a gene mutation
associated with a more aggressive phenotype (eg, codon 1309)
should not dictate alone the timing of colonoscopy. The presence of
symptoms, in particular rectal bleeding and/or anaemia, suggests a
significant polyp burden and requires an earlier colonoscopy (12).
In patients with FAP-related symptoms such as rectal bleeding,
diarrhoea, or mucous discharge should lead to a colonoscopy at any
age (13).

The depth of colonoscopy has not been studied. Although
sigmoidoscopy is adequate to detect polyps in those with colonic
polyposis, polyps may appear earlier on the right side of the colon.
Historical registry data by Bussey (14) demonstrated 170 adult
patients with FAP, the rectum is affected in all cases, but this was
not a paediatric cohort. Out of 245 colonoscopies in patients
younger than 25 years with FAP, proximal colonic polyps were
found in 8 children when no polyps were seen in the rectosigmoid.
Given these findings, and the fact that most endoscopic procedures
are performed under general anaesthesia in children and young
teenagers, we feel that colonoscopy gives a more comprehensive

www.jpgn.org
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assessment of the patient, without increasing the burden to the child.
We concluded that sigmoidoscopy alone should not be recom-
mended as the preferred investigation either for screening or
surveillance. In patients who undergo colonoscopy where infre-
quent or small adenomas are seen, or none are visible at all, dye
spraying the rectal mucosa with methylene blue or indigo carmine
(chromoendoscopy) will substantially increase the sensitivity of the
examination (15).

Clinicians should be aware that colonoscopy cannot be used
to judge severity of dysplasia as it is difficult endoscopically to
diagnose advanced lesions when numerous or innumerable polyps
are present. Polyp features that are more likely to be associated
with advanced dysplasia or malignancy include ulceration, surface
bleeding or adenoma diameter >10 mm. Polypectomy of adeno-
mas should not be performed routinely to delay the inevitable
colectomy, but there is benefit in removing larger polyps >10 mm,
or those with concerning appearance to assess the degree of
dysplasia and assist in determining timing for colectomy. Biopsy
alone of large lesions may still fail to identify a malignancy within
the polyp.

First-degree family relatives without an identified APC
mutation should be surveyed by colonoscopy every 5 years from
the age of 12 to 14 years until adenomas have been identified, then
once adenomas have been confirmed, the patient should undergo
repeat colonoscopy at a frequency depending on the colonic phe-
notype (16). It is difficult to know at what age screening can safely
cease in those not found to have adenomas. More than 90% of
individuals with FAP will have developed polyps by the age of 25 to
30 years, but in view of the variation in phenotype within families
and the existence of AFAP, it is reasonable to consider continuing
surveillance until the age of 50 years.

Recommendation 4:

At what age should children and adolescents
be referred for colectomy and what is the
preferred surgical procedure?

Recommendation 4:

Colectomy is necessary to prevent CRC in adulthood.
Decision on the timing for colectomy should be deter-
mined by polyp burden and characteristics of colonic
adenomas in the context of social, personal, and edu-
cational factors. lleorectal anastomosis (IRA) or ileal
pouch-anal anastomosis (IPAA) has their merits and
disadvantages and many factors affect on the choice
of surgery. The choice should be based on patient
phenotype (rectal and colonic burden) and genotype,
at the discretion of the surgeon.

(weak recommendation, low-quality evidence, consen-
sus agreement 100%)

Removal of the colon for FAP is required to prevent the
almost inevitable development of CRC. The age at which prophy-
lactic colectomy is performed is not fixed and is a topic that needs to
be discussed in adolescence. There are no guidelines regarding the
timing of surgery, nor evidence to dictate the point at which
colectomy should be performed based on polyp burden (number
or size). The adenoma-carcinoma sequence is not accelerated in
FAP, so it may take more than 10 years before a cancer develops in a
colon with adenomas.

WwWw.jpgn.org

There is no clear evidence to dictate at what polyp size or
colonic burden should lead to colectomy and any recommendations
remain arbitrary. Current practice is arbitrary recommending
colectomy when there are many adenomas >10mm, > 500 of
polyps >2 mm, or carpeting of the colon of polyps. Many teenagers
and young adults will undergo colectomy before this point, fitting
the procedure around gaps in their education or working careers or
their domestic or social circumstances.

If high-grade dysplasia is identified in colonoscopic biopsies,
then this would be an indication for colectomy sooner. Waiting for
serial biopsies to change from low-grade to high-grade dysplasia is
unsafe and will put patients at risk of developing CRC especially as
it is not clear which polyps should be biopsied at colonoscopy for
histological assessment (17). Colonoscopy can overlook high-grade
dysplasia because it is difficult to endoscopically diagnose
advanced lesions that are progressing to malignancy, when numer-
ous or innumerable polyps are present. Given this, there is no
justification for routine biopsies or polypectomy to assess dysplasia.
Polypectomy or biopsy should be targeted to polyps that have a
suspicious/advanced appearance (ulceration, surface or contact
bleeding, and diameter >10mm). If there is sufficient concern
about polyp size, polyp density, and the presence of feature
suggestive of advanced changes, the patient should be referred
for colectomy. There are rare occasions in which colectomy may
wish to be delayed (eg, a personal or family history of desmoid
disease). The decision making around such cases may be complex.
It would be prudent for such cases to be referred to a specialist
centre, where a full multidisciplinary team can evaluate the case to
ensure the management is tailored appropriately to the individual
and where polypectomy can be performed by individuals who are
experienced in the endoscopic management of FAP.

The 2 main surgical options are colectomy with IRA and
proctocolectomy with IPAA. Both surgical choices have their
merits and weaknesses. The IRA is a relatively straightforward
operation that can be readily performed laparoscopically, reducing
hospital length of stay and recovery with preservation of bowel
function and continence, and small surgical scars with cosmetic
advantage (18). The IPAA requires more extensive surgery with
pelvic dissection with its attendant risks of haemorrhage, damage to
pelvic nerves, and possible reduction in fertility.

Current adult practice, based on large cases series and expert
consensus published in FAP international guidelines (10) recom-
mends IPAA in those with a significant rectal burden of adenomas
and this advice should be extended into paediatric practice. Those
children or adolescents with an adenoma burden of >20 rectal
polyps, or a total colonic burden of >500 adenomas should prefer-
ably be referred for a primary IPAA (19). Conversely, those patients
with a few rectal adenomas (<20) or infrequent colonic polyps can
be referred for an IRA.

Other considerations regarding surgical choice include geno-
type (20—22), the impact on fertility (23) and the risk of desmoid
disease. Despite these data, the phenotype of the colon and rectum
should principally guide surgical choice (Table 2). The decision
regarding surgical choices should rest with the surgeon, who can
counsel the patient and parents further regarding the pros and cons

TABLE 2. Clinical factors influencing the surgical choice of either
ileorectal anastomosis or ileal pouch-anal anastomosis

Rectal and colonic adenoma burden

Site of mutation

Risk of desmoid, or presence of desmoid tumours
Risk of impact on fertility in females

Long term function
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of both surgical options and the rationale behind the surgical
decision-making process. The choice should not be determined
by the paediatric gastroenterologist. Current opinion recommends
IPAA should be performed in expert centres by surgeons who have
experience in performing numerous IPAA operations per annum. A
colonoscopy should be performed before the colectomy to assist the
surgical choice, assessing rectal and colonic polyp burden.

Postcolectomy, the rectal remnant after an IRA and the pouch
after [IPAA must be endoscopically surveyed. Post IRA, guidelines
suggest 6 monthly—annual examination of the rectum (10). There
are no data to support optimal frequency of surveillance and it
would be reasonable for this to be tailored according to an individ-
ual’s phenotype. Post IPAA, the gastroenterologist needs to be
aware that there will be retained rectal mucosa. It is this that dictates
the surveillance interval post-IPAA, rather than the risk of pouch
body adenomas. The pouch should be endoscopically examined for
adenomas in the residual rectal mucosa of the cuff, and the pouch
body, preferably annually. Cuff adenomas can be technically
difficult to treat endoscopically, so detecting them early, when
small, is likely to improve the chance that they are successfully
treated endoscopically. Pouch body adenoma risk appears to
increase with the age of the pouch. They can be subtle but appear
to run an indolent course and endoscopic resection of larger lesions
is reasonable. Endoscopic assessment of pouches post [IPAA, and
assessment and therapy for pouch adenomas should be performed
by clinicians with appropriate expertise.

Recommendation 5:

At what age should upper gastrointestinal
surveillance commence in children affected
with FAP?

Recommendation 5:

Despite the presence of gastric polyps in children, and
the later risk of duodenal polyposis and ampullary
cancer in adult practice, there is no justification to
commence routine upper Gl (UGI) surveillance until
age 25 years.

(weak recommendation, low-quality evidence, consen-
sus agreement 90%)

After prophylactic subtotal colectomy, the risk of subsequent
UGI cancer is greater than the risk from the retained rectal segment
post-IRA. Lifetime risk of duodenal polyposis approaches 100%
(24). The absolute lifetime risk of developing duodenal cancer is
estimated to be 3% to 5%. Although the diagnosis of duodenal
cancer before the age of 30 years is rare, there are isolated reported
cases of duodenal malignancy before 20 years of age. Over a 10-
year period, 368 patients with FAP were assessed, with their first
gastroscopy performed at mean age 20 years. The median age of
diagnosis of duodenal adenomas was 38 years (range 20—81). The
median age of diagnosis in duodenal cancer in this cohort was
52 years (range 26—58) (25). The recommendation from this series
was to start duodenal surveillance age 30 years.

Although duodenal adenomas and dysplasia have been identi-
fied in children younger than 12 years, the youngest UGI cancer
reported was in a 17-year old (26). Periampullary duodenal adeno-
matous nodules and polyps are common in adolescents with FAP
(reported in 11/49 gastroscopies in 1 series), but again no reported
cancers in this age group (27). Symptoms do not predict pre
malignant changes.
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Subsequent published recommendations based on case series
suggest first surveillance gastroscopy procedure should be performed
in the patient’s mid 20s (or 5 years earlier than the youngest case of
advanced duodenal adenomatosis in those with a significant family
history) (28). Others advocate earlier gastroscopy whilst more than
half of the cohort (59% of n = 96) had developed UGI polyposis with
amean onset atage 17 years, but there were no invasive cancers in this
group (29). The reviewers in this position statement understand the
concern of clinicians about missing a possible UGI cancer, because it
is so easy to perform a gastroscopy within the same anaesthetic
procedure. However, despite the fact that in current paediatric
endoscopy practice many perform a ‘‘routine’’ gastroscopy at the
same procedure as a colonoscopy under general anesthesia, there is
little to be gained by identifying or documenting UGI manifestations
of FAP with such a low probability of identifying malignancy. The
working group considered that the incidental finding of polyps in the
duodenum should not influence when or whether a gastroscopy needs
to be performed in patient with FAP and the criteria should be based
on clinical need (eg, unexplained anaemia).

Endoscopic surveillance of the ampulla and duodenum is
best performed with a side viewing duodenoscope (£forward
viewing scope). Duodenal disease is classified according to the
Spigelman staging system, which facilitates determining the
interval for duodenal surveillance and treatment options (30).
Were there to be an indication for gastroscopy prior to age
25 years, for example, dyspepsia, then any duodenal lesions
incidentally identified should be discussed with an adult gastro-
enterologist with expertise in assessing the duodenum in adults
with FAP.

Gastric lesions are also common in adult patients with FAP.
Fundic gland polyps (FGPs) are the most common seen in 40% to
75% of FAP patients, followed by gastric foveolar-type gastric
adenomas. FGPs are usually small, <5mm, sessile and multiple,
asymptomatic, and limited to the stomach (31). Gastric adenomas in
childhood are uncommon in FAP (32). Although there is a current
debate regarding the malignant risk of FGPs, given that no gastric
cancers have been identified in patients younger than 25 years,
routine gastroscopy can be delayed until 25 years.

High-grade dysplasia is rarely seen on baseline upper GI
endoscopy (33). No causal link has been found between Helico-
bacter pylori and FAP-associated FGPs. Other uncommon lesions
include pyloric gland adenomas, gastric hyperplastic polyps, and
intestinal-type gastric adenoma.

UGI endoscopy may be indicated for nonspecific abdominal
symptoms (eg, dyspepsia, epigastric pain) in patients with FAP to
detect and treat GI disease unrelated to FAP.

Recommendation 6a:

Should infants and children from families
affected by FAP be screened for

hepatoblastoma and should children with
hepatoblastoma undergo testing for FAP?

Recommendation 6a:

Routine screening for hepatoblastoma (HPB) in patients
with FAP is not recommended. In children found to
have HPB, there is no evidence that routine genetic
testing or endoscopic screening for FAP is required.

(weak recommendation, low-quality evidence, consen-
sus agreement 90%)
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Should infants from affected families be screened
for hepatoblastoma?

The risk of HPB is 750 to 7500 times higher in children from
FAP families than in the general population (34), with an absolute
risk reported as 2% of FAP-affected children. The majority of the
cases occur before 3 years of age (relative risk of HPB in patients
with FAP suggested to be relative risk = 847) (35). The prognosis to
some degree correlates with tumour size, and authors have inferred
that some patients would have a better prognosis if the diagnosis
was made earlier. The outcomes for HPB are excellent with current
treatment using partial hepatectomy and chemotherapy (survival
>90% in patients with stage I and II disease), it has been suggested
that earlier tumour detection may improve cure rates and also may
limit the chemotherapy needed to produce that cure, but this has not
been substantiated (36). Surveillance has thus been proposed in
children who have a diagnosis of FAP or have a parent with FAP,
often starting with alpha-feto protein laboratory testing and 3
monthly ultrasound scans of the liver from birth (37). Thus, some
authors suggest that children with an APC mutation diagnosing
FAP, or who have a parent with known APC mutation (even if no
genetic testing has been performed in the infant) should be offered
surveillance consisting of alpha-feto protein measurement and
abdominal ultrasound every 3 to 4 months from birth to 5 years
of age. This would be an onerous undertaking and conflicts with
recommendation 1 (recommending delaying genetic screening until
after age 12—14 years). When this regime was applied to a small
(and therefore not statistically significant cohort) of 20 patients at
risk of FAP who underwent HPB screening, none developed liver
tumours (38). No studies have identified the benefit of screening for
HPB in FAP.

There is insufficient evidence to suggest screening for
HPB confers any advantage and therefore the recommendation
currently is not to offer screening investigations for HPBs in at-
risk infants and children. Parents should be counselled regarding
the increased relative risk of HPB in patients with FAP, but very
low absolute risk, and explaining there is no evidence that
screening is effective and improves patient outcome. We antici-
pate that such counselling would be sufficient to avoid HPB
screening.

Should children diagnosed with an HPB be
screened for FAP?

HPB is the most common primary liver tumour in children.
Published series have suggested that approximately 10% of children
with a diagnosis of HPB may have a germline APC mutation (39)
and thus children with HPBs should be referred for screening for
FAP even in the absence of family history. Others have found no
APC mutations in 29 cases of apparently sporadic HPB (40).

Based on these data, FAP should be considered in a child
with an HPB by seeking a suggestive family history of early onset
CRC and polyps, or extraintestinal manifestations. If there is a
clinical suspicion of FAP, the family should be referred for screen-
ing. In the absence of these factors, there is insufficient evidence to
suggest routine screening in adolescence for children with HPB. Ifa
child or teenager develops GI symptoms, they should be investi-
gated accordingly. Clinicians should be aware of the association of
HPB and FAP. The risk of FAP in patients who had HPB in
childhood needs to be discussed with the family (39), and the
decision to screen, or not to screen for FAP should be shared with
the parents and adolescent.
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Recommendation 6b:

Should children with congenital hypertrophy
retinal pigmentation epithelium (CHRPE) be
investigated for FAP?

Recommendation 6b:

Children with bilateral and multiple CHRPE lesions
should undergo colonoscopy at age 12 to 14 years. If
CHRPE lesions are single or unilateral in the absence of
relevant family history, further evaluation should not
be required.

(weak recommendation, low-quality evidence, consen-
sus agreement 100%)

Up to two thirds of patients with FAP have CHRPE identified
at ophthalmoscopy, and this should be verified by an ophthalmolo-
gist knowledgeable about the condition (41). Idiopathic solitary
CHRPE is described in the general population with a prevalence of
1% to 4% (42). CHRPE lesions associated with FAP are most often
multiple, bilateral (bilateral in 86% of cases) and in an oval or
pisciform shape (43). Multiple retinal lesions appear to have a 40%
to 70% sensitivity and close to 100% specificity as a phenotypic
marker for FAP (44). Four bilateral and large size lesions are highly
predictive of FAP. Children and adolescents with CHRPE in the
pattern suggestive of FAP, should be referred for genetic counsel-
ling and evaluation by a paediatric gastroenterologist. If there is a
known family history of FAP with an identified APC mutation in an
index family member, targeted genetic testing should be offered.
Otherwise, with a specificity approximating to 100%, those with
multiple bilateral lesions should be investigated for FAP; we
suggest that colonoscopy and subsequent genetic testing can be
deferred until age 12 to 14 years, unless the patient is symptomatic.

If an experienced ophthalmologist considers the CHRPE
lesions to be single and unilateral, then referral to a paediatric
gastroenterologist is not required. If there are additional concerns
identified from the family history or clinical examination, then
further evaluation by a geneticist is recommended.

Recommendation 6¢:

Should infants and children found to have a
desmoid tumour be investigated for FAP?

Recommendation 6c:

The vast majority of desmoids tumours are sporadic;
children identified to have a desmoid tumour (DT) have
approximately 10% risk of FAP. If the kindred is known
to have FAP and the child has a desmoid, it should be
presumed the child has FAP.

In a child presenting with a DT, testing the DT for a 8-
catenin/CTNNBT mutation is recommended. If a B-cate-
nin/CTNNBT mutation is found, this indicates sporadic
desmoid and further investigations for FAP are not
required. If B-catenin/CTNNBIT mutation is not found,
the patient should be investigated for FAP.

(weak recommendation, low quality evidence, consen-
sus agreement 100%)
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DTs develop in 10% to 30% of patients with FAP, the majority
are intra-abdominal. Although they are nonmetastasising, they can be
locally invasive. DTs are consistently cited as the second leading
cause of mortality in FAP patients with the overall lifetime mortality
in patients with FAP attributable to desmoids over 11% (45). FAP-
associated DTs made up 7.5% of all DTs, and the relative risk of an
FAP patient developing a DT was more than 800-fold higher than the
general population (46). Approximately 7% to 15% of all DTs are
found in people diagnosed with FAP (47). In a single-centre retro-
spective series, 10% of 93 patients younger than 21 years with a DT
were identified to have FAP (48). Desmoids associated with FAP are
often found at a young age (second or third decade), and are most
commonly seen 3 to 5 years after prophylactic colectomy and the risk
is increased if there is a family history of desmoid disease (49). There
is genotype-phenotype correlation with desmoid disease in FAP
correlating to mutation 3’ to codon 1399 associated with an OR of
4 for the development of DT in FAP (Fig. 1).

Children with DTs are clearly at a substantially greater risk of
having FAP. If the child with a DT is from a kindred known to be
affected with FAP, then it is safe to assume that the affected child
has inherited FAP and targeted genetic testing can be performed to
seek the mutation known to that family.

DTs in patients with FAP carry biallelic APC mutations. This
is in contrast to desmoids which arise sporadically which manifest
B-catenin /CTNNBI mutations (50). To assess for a S-catenin /
CTNNBI mutation, DNA extraction from biopsy of the DT should
be performed. CTNNBI mutations are highly prevalent in sporadic
DTs (51). Thus if the mutation is identified in the desmoid sample,
then this is predictive of sporadic desmoid unrelated to FAP.

On the contrary, the absence of CTNNBI1 mutations in the
desmoid should suggest the possibility of FAP. If B-catenin/
CTNNBI1 mutations cannot be isolated in the desmoid, then clin-
icians cannot be confident that this is a sporadic desmoid and thus
genetic testing and colonoscopy should be offered to the affected
child ages 12 to 14 years (even in the absence of a family history as
the APC mutation could be de novo).

If DNA extraction of the DT is not feasible and if there are
no clinical clues in the child or family suggestive of FAP, the child
with DT should undergo colonoscopy with chromoendoscopy in
teenage years.

The management of desmoid disease in FAP is complex and
lacking good data. Options include surgery resection, surgery for
complications, for example, small bowel obstruction, or adopting a
conservative surgery sparing approach. Various pharmacological
agents have been used, including NSAIDs (sulindac and celecoxib)
and hormonal medications (tamoxifen, toremifene, LHRH-ago-
nists, and anastrozole) and chemotherapy (doxorubicin) (52) but
randomized controlled data are lacking and therefore given the
variable natural history of desmoids, it is difficult to establish and
qualify the benefit of these medical therapies.

Recommendation 7:

Under what circumstances should children and
adolescents be offered chemoprevention with
NSAID medication?

Recommendation 7:
There is no role for the use of chemoprevention agents
in children with FAP.

Evidence (strong recommendation; moderate-quality
evidence, 100% consensus)
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NSAIDs have been the most commonly employed chemo-
preventive agents in patients with FAP to delay the development of
adenomas and to prevent recurrence of adenomas in the retained
rectum of patients after prophylactic surgery with colectomy and
IRA. Sulindac and selective cyclooxygenase-2 (COX-2) inhibitor
celecoxib have been the most extensively studied.

The efficacy of NSAIDs has been demonstrated in clinical
trials and animal studies. NSAIDs inhibit COX, a key enzyme in the
conversion of arachidonic acid to prostaglandins and other eico-
sanoids. Prostaglandins appear to play a key role in the adenoma-
carcinoma sequence by altering cell adhesion, inhibiting apoptosis,
and promoting angiogenesis.

The ultimate goal of chemoprevention in FAP is to prevent
the inevitable development of CRC among these patients. Despite
evidence that sulindac may regress adenomas in the rectum after
colectomy with IRA, no evidence exists that the drug delays or
prevents the development of malignancy in these rectal segments.
In fact, there are several case reports of patients developing
malignancy despite chemopreventive regimens (53,54). If used,
chemopreventive regimens should be accompanied with a strict
endoscopic surveillance regimen. Use of NSAIDs should not
replace standard surveillance and treatment.

Sulindac

A significant decrease in the mean number and size of polyps
in patients treated with sulindac compared with placebo has been
reported in FAP patients in short term (55,56); however, this does not
prevent progression of polyps towards malignancy. In a trial involv-
ing FAP patients who have undergone colectomy with IRA, sulindac
for an average of 63 months significantly reduced rectal polyp
number in all 12 patients. Higher-grade adenoma recurrence was
also significantly reduced. The most common side effect was rectal
mucosal erosions. Of concern, 1 patient developed a rectal carcinoma.
The occurrence of cancer in the rectal remnant of patients with FAP
during sulindac therapy has been described in other patients (54).

The use of sulindac as a primary chemopreventive agent in
paediatric FAP patients has been studied by Giardello et al (57).
Standard doses of sulindac, compared with placebo, did not prevent
the development of adenomas in 41 young subjects (age range, 8—
25 years) who were predicted to be affected with FAP but not yet
developed adenomas. Currently, sulindac is not recommended as a
primary chemopreventive agent.

Celecoxib

Interest in COX-2 inhibitors as chemopreventive agents in
FAP was prompted by the GI toxicity noted with a long-term use of
nonselective NSAIDs. In adult patients randomized to celecoxib or
placebo, those receiving 400 mg twice a day had a 28% reduction in
the mean number of colorectal polyps over a 6-month period (58).
The safety and efficacy of celecoxib as chemopreventive agent in
paediatric population was first studied by Lynch et al (59). They
studied a cohort of 18 children of ages 10 to 14 years with APC gene
mutations and/or adenomas with a family history of FAP. Celecoxib
at a dose of 16 mg-kg ™' - day ™', corresponding to an adult dose of
400 mg twice per day, was well tolerated and significantly reduced
the number of colorectal polyps by 44.2% at 3 months (P =0.01),
but the cohort was small (n=18). Although this study showed a
short-term safety of daily use of celecoxib in children with FAP,
cardiovascular toxicity has been shown in several COX-2 inhibitor
trials of adults with nonfamilial adenomas (60). The largest ran-
domized placebo controlled chemopreventive study in children
using celecoxib (n=106) suggested the drug was well tolerated
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and there was a nonsignificant trend to slower progression of
colorectal adenomas in the therapeutic arm compared to placebo
(61). One randomized clinical trial in adults identified a marginal
reduction in duodenal polyposis but the significance of this in
paediatrics is unclear (62). Studies combining celecoxib and
difluoromethylornithine have suggested a marginal additive effect
of combining chemopreventive therapies (63).

An effective chemopreventive agent with favourable toxicity
may be of substantial benefit to paediatric FAP patients if found in
the long term to prevent cancer. Although it is not feasible to
accurately assess polyp density or burden in an intact colon, and the
difficulties in undertaking trials in children who require deep
sedation for colonoscopy, plus complexity confirming drug adher-
ence, and aiming for useful end points such as delay in colectomy or
prevention of CRC, the design of study with meaningful end points
will pose significant challenges. It may not be possible to perform
an adequate clinical trial to prove the value of NSAID medication as
chemoprevention in children or adolescents, with end points that are
valuable and clinically relevant, and reproducible (64).

Recommendation 8:

What should the clinician advice regarding the
cancer risk in children and young adults with FAP

Recommendation 8:

CRCis very rare in children and teenagers younger than
20 years. The risk of developing CRC before age 20 is as
low as 0.2%. Duodenal cancer has not been reported in
teenagers. Extracolonic malignancies are very rare, for
example, HPB, brain, and thyroid cancers, reported in
1% to 2% of FAP-affected young adults. Patients can be
reassured that they have a very low cancer risk in
childhood and teenage years.

(strong recommendation, good quality evidence, con-
sensus agreement 100%)

Virtually all patients with FAP will develop adenocarcinoma of
the colon or rectum if left untreated by the ages 40 to 50 years. Although
rare, CRC can, however, develop in adolescence. CRC in FAP patients
younger than 20 years usually is associated with a severe polyposis
phenotype. Church et al (8) surveyed polyposis registries around the
world to assess risk of colorectal carcinoma in children and teenagers
with FAP. Among the 16 registries that responded, 14 patients younger
than 20 years were identified with CRC. The youngest was 9 years old.
In 3 cases, the cancer was identified at surgery. Nine of the 14 young
patients with CRC had severe polyposis (defined as >1000 colonic
polyps). The authors calculated an estimated incidence of 1 case of
CRC per 471 affected FAP patients younger than 20 years. A subse-
quent review published within the FAP guidelines 2008 lists data from
multiple European FAP registries, there were 1073 CRC’s; none of
them in children younger than 10 years, 2 were present in those ages 11
to 15 years, and 15 in children age 16 to 20 years (10). It must be
emphasized that this cancer risk is ascertained in a cohort of patients
who would have undergone prophylactic colectomy in adolescence,
and these data cannot influence the timing of surgery in teenagers in
whom the polyp burden necessitates colectomy.

One of the largest single institution reviews of paediatric FAP
reported a total of 6 patients with CRC among a total of 163 patients
younger than 20 years over a 24-year study period (29). Cancer was
found in 1 colonoscopy biopsy (age 18 years) and 5 colectomy
specimens (ages: 1 at 19 years, 2 at 18 years, and 2 at 17 years of
age). Papillary thyroid cancer was diagnosed in 5 patients and
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presented at a mean age of 20.8 years. Two patients were found to
have brain tumours (1 craniopharyngioma at age 29 years and 1
glioblastoma at age 8 years). An 18-year-old who presented with
advanced rectal cancer died at age 22 due to progression of metastatic
disease. More than half of patients (59%) developed UGI polyposis,
with mean onset at age 17 years but none had progressed to invasive
cancer of the UGI tract under 20 years old.

Cohen et al (65) published a series of 33 children with FAP
<18 years. On their first colonoscopy, 31 children (94%) had colonic
adenomas with low-grade dysplasia and 2 patients (6%) had a normal
first colonoscopy. Among these normal first colonoscopy patients, 1
child was later diagnosed with colonic adenocarcinoma at the age of
12.5 years. A prospective clinical trial using celecoxib involving 106
children, age range 10 to 17 years, followed patients 2 to 5 years and
none developed CRC during that timeframe (61).

After CRC, the second most common malignancy in patients
with FAP over their lifetime is duodenal cancer. Because of a slow
progression, only a small fraction of affected subjects will develop
duodenal cancer in adulthood (3% to 5%). There is a paucity of data
describing UGI neoplasms in paediatric FAP patients. As a result,
there is little evidence to support the initiation of UGI surveillance in
childhood or adolescence in subjects with FAP (recommendation 5)
(66).

The central nervous system (CNS) tumours associated with
FAP include medulloblastoma, astrocytomas, and less frequently
ependymoma, pinealoblastoma, and ganglioglioma. Given the rel-
atively low risk (<1% overall risk), screening for CNS tumours is
currently based on physical examination. In patients with FAP and
identifiable APC gene mutation, CNS tumours, especially medul-
loblastoma, are more common in girls, younger than 20 years and
with FAP and APC gene mutation in codons 686—1217 (67).
Further studies are necessary to determine whether this observation
has implications for genetic counselling for individuals with FAP
and potentially affecting the risk-benefit assessment for surveil-
lance for brain tumours within this subpopulation.

The risk of developing thyroid cancer in FAP is greatest
during the second and third decade of life (<30 years old in 90% of
cases; range 15—-62 years) and is higher in girls (female-to-male
ratio, 17:1) (68). Patients should be informed at transition to adult
care regarding the young age on onset of thyroid cancers and the
role of thyroid examinations. Of note however, there are no data to
demonstrate benefit of routine thyroid surveillance in FAP.

Although relatively uncommon, paediatric patients with FAP
may present in the first decade of life with HPB (37). The
implications of this are discussed above. Adrenal adenocarcinoma
has also been reported in a teenager with FAP (69).

Recommendation 9:

Should children and families with familial
adenomatous polyposis be managed within a
polyposis registry?

Recommendation 9:

Where feasible, children and adolescents should be
enrolled into their regional or national polyposis registry
(depending on local and national provision) to coordi-
nate their care. Polyposis registries improve outcome for
FAP patients by improving the rate of diagnosis of FAP
and reduce the incidence of CRC.

(weak recommendation, moderate-quality evidence,
consensus agreement 100%)
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TABLE 3. Role and benefit of managing familial adenomatous polyposis within a polyposis registry

Role of a polyposis registry

Proven benefit from a polyposis registry

Registration of polyposis patients and family members

Counselling and genetic testing

Access to the multi disciplinary team including psychology.

Initiation and coordination of screening of family members at risk of a
polyposis syndrome

Distribution of information and scientific knowledge and initiating research
Recalling patients for screening endoscopies and maintaining postsurgical
follow-up, eg, after IRA for FAP

Increasing the rate of diagnosis of FAP and enabling earlier diagnosis
Improve outcomes and reducing the incidence of CRC
Improved survival of patients from presymptomatic screening
More complete recall of patients for screening and surveillance

CRC = colorectal cancer; FAP = familial adenomatous polyposis; IRA = ileorectal anastomosis.

Polyposis registries are now established across the world.
The aims and benefits of a polyposis registry are listed in Table 3.
Many registries will take responsibility for co-ordinating care,
whereas others offer advice and guidelines for local clinicians
responsible for occasional patients with a polyposis condition.
The improved survival of patients registered is almost certainly
attributable to the improvement in organization and coordination
of patient screening (70). Patients identified to be at risk of FAP
and called for screening had a lower risk of CRC. There are no
studies comparing the outcome of children or adolescent patients
affected by FAP, who undergo screening and surveillance in a
polyposis registry, compared to those who are carefully recalled
for screening in a local or regional paediatric gastroenterology
service.

After screening and colectomy, surveillance will still be
required for the rectum/pouch; furthermore, patients are at long-
term risk from extracolonic manifestations especially desmoid
disease and duodenal cancer. Maintaining enrolment and contact
through a registry will encourage patients to participate in lifetime
surveillance (71), and ensure that paediatric patients attend for their
surveillance and have structured and staged transition into adult
care. The published improvement in survival of FAP patients who
are enrolled in a surveillance programme should encourage paedia-
tricians to register their patients with their regional polyposis
registry, if accessible and amenable to the patients and their
families.

Enrolment will ensure access to paediatric and adult gas-
troenterologists skilled in colonoscopic surveillance in patients
with polyposis, and a multidisciplinary team who have experience
in looking after such families, facilitating compliance, and tran-
sitional care. Adolescents can access psychological support
offered within the multidisciplinary team, and this is made more
pertinent in young patients compared to adults while, younger
patients tend to worry more about the risk of cancer (72). Mental
healthrelated quality of life scores are reported to be significantly

TABLE 4. Areas requiring research in the field of familial adenomatous
polyposis in children and adolescents

What is the natural history and polyp progression is children with FAP?

Does a gene mutation located at or adjacent to codon 1309 confer an
increased risk of cancer in adolescents necessitating earlier genetic testing
and colonoscopy?

What is the future role for a colon specific video capsule for colonic
surveillance in reducing the burden of colonoscopic surveillance?

FAP = familial adenomatous polyposis.

438

lower among FAP-affected patients younger than 18 years com-
pared to adults. It is therefore imperative for paediatric gastro-
enterologists and geneticists to develop trust and empathy with
patients and their families addressing individual social, psycho-
logical, and medical conditions, establishing compliance to
screening investigations, and individually tailored planning of
the timing of colectomy. Psychological support for patients is
needed most around the time of colectomy, and this can be
accessed by the wider polyposis registry team of nurses and
psychologists, or provided locally by a motivated paediatric
gastroenterology team (73).

In addition, supervision and enrolment into a polyposis
registry offers added benefits including support groups, meeting
other affected families for advice and support, access to experi-
enced expert care, and timely advice regarding pregnancy and
preimplantation genetic diagnosis. The latter choice can be offered
to older teenagers before starting a family enabling them to make
planned and careful decisions regarding future pregnancies. Evolv-
ing resources within social media offer new and exciting possibili-
ties in the context and patient and physician and patient
support structures (Table 4).

SUMMARY OF RECOMMENDATIONS

Recommendation 1:

Predictive genetic testing should be offered to at-risk chil-
dren at the age of 12 to 14 years. Families should receive genetic
counselling before and at the time of testing. Children who are
symptomatic with rectal bleeding should undergo earlier testing.

(weak recommendation, low-quality evidence, consensus
agreement 100%)

Recommendation 2a:

In relation to predictive testing, if the child is found to have
the familial APC variant, they have a diagnosis of FAP. If the
familial APC variant is absent in the child, then they have not
inherited FAP.

Recommendation 2b:

In a patient with colonic adenomas who undergoes genetic
testing for FAP (diagnostic testing), the finding of a pathogenic
variant will confirm the diagnosis of FAP. If no pathogenic variant
is identified, this does not exclude FAP.

(strong recommendation, moderate-quality evidence, con-
sensus agreement 100%)

Recommendation 3:

In those confirmed to have FAP on predictive genetic testing,
and those considered at risk where genetic testing is not possible,
colonic surveillance should commence age 12 to 14 years. Once
adenomas have been identified, intervals between surveillance
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colonoscopy should be individualized depending on colonic phe-
notype every 1 to 3 years. Rectal bleeding or mucous discharge
should lead to a colonoscopy at any age.

(weak recommendation, low-quality evidence, consensus
agreement 100%)

Recommendation 4:

Colectomy is necessary to prevent CRC in adulthood. Deci-
sion on the timing for colectomy should be determined by polyp
burden and characteristics of colonic adenomas in the context of
social, personal, and educational factors. IRA or IPAA have their
merits and disadvantages and many factors impact on the choice of
surgery. The choice should be based on patient phenotype
(rectal and colonic burden) and genotype, at the discretion of
the surgeon.

(weak recommendation, low-quality evidence, consensus
agreement 100%)

Recommendation 5:

Despite the presence of gastric polyps in children, and the
later risk of duodenal polyposis and ampullary cancer in adult
practice, there is no justification to commence routine UGI surveil-
lance until the age of 25 years.

(weak recommendation, low-quality evidence, consensus
agreement 90%)

Recommendation 6a:

Routine screening for HPB in patients with FAP is not
recommended. In children found to have HPB, there is no evidence
that routine genetic testing or endoscopic screening for FAP
is required.

(weak recommendation, low-quality evidence, consensus
agreement 100%)

Recommendation 6b:

Children with bilateral and multiple CHRPE lesions should
undergo colonoscopy at age 12 to 14 years. If CHRPE lesions are
single or unilateral in the absence of relevant family history, further
evaluation should not be required.

(weak recommendation, low-quality evidence, consensus
agreement 100%)

Recommendation 6c¢:

The vast majority of desmoids tumours are sporadic; children
identified to have a DT have approximately 10% risk of FAP. If the
kindred is known to have FAP and the child has a desmoid, it should
be presumed the child has FAP.

In a child presenting with a DT, testing the DT for a 8-catenin
/CTNNBI mutation is recommended. If a B-catenin /CTNNBI
mutation is found, this indicates sporadic desmoid and further
investigations for FAP are not required. If B-catenin /CTNNBI
mutation is not found, the patient should be investigated for FAP.

(weak recommendation, low-quality evidence, consensus
agreement 100%)

Recommendation 7:

There is no role for the use of chemoprevention agents in
children with FAP.

(strong recommendation; moderate-quality evidence, 100%
consensus)

Recommendation 8:

CRC is rare in children and teenagers younger than 20 years.
The risk of developing CRC before age 20 is as low as 0.2%.
Duodenal cancer has not been reported in teenagers. Extracolonic
malignancies are very rare, for example, HPB, brain, and thyroid
cancers, reported in 1% to 2% of FAP-affected young adults.
Patients can be reassured that they have a very low cancer risk
in childhood and teenage years.

(strong recommendation, good-quality evidence, consensus
agreement 100%)

WwWw.jpgn.org

Recommendation 9:

Where feasible, children and adolescents should be enrolled
into their regional or national polyposis registry (depending on local
and national provision), to coordinate their care. Polyposis registries
improve outcome for FAP patients by improving the rate of
diagnosis of FAP and reduce the incidence of CRC.

(weak recommendation, moderate-quality evidence, consen-
sus agreement 100%)

DISCLAIMER

ESPGHAN is not responsible for the practices of physicians
and provides guidelines and position papers as indicators of best
practice only. Diagnosis and treatment is at the discretion of
physicians.

ACKNOWLEDGMENTS

The authors are grateful for provision of expert genetic
advice to Dr Lynn Greenhalgh, MacMillan Cancer and General
Consultant Clinical Geneticist, Liverpool Women’s NHS Founda-
tion Trust.

REFERENCES

1. Borry P, Fryns JP, Schotsmans P, et al. Presymptomatic and predictive
genetic testing in minors: a systematic review of guidelines and position
papers. Clin Genet 2006;70:374—-81.

2. Parker M. Genetic testing in children and young people. Fam Cancer
2010;9:15-8.

3. Clarke A. What is at stake in the predictive genetic testing of children.
Fam Cancer 2010;9:19-22.

4. Kattentidt-Mouravieva AA, Heijer M, Van Kessel I, et al. How harmful
is genetic testing for FAP in young children; the parents’ experience.
Fam Cancer 2014;13:391-9.

5. Michie S, Bobrow M, Marteau, et al. Predictive genetic testing in
children and adults: a study of emotional impact. J Med Genet
2001;38:519-26.

6. Levine F, Coxworth J, Stevenson D, et al. Parental attitudes, beliefs and
perceptions about genetic testing for FAP and colorectal cancer sur-
veillance in minors. J Genet Counsel 2010;19:269-79.

7. Andrews L, Mireskandari S, Jessen J, et al. Impact of FAP on young
adults: attitudes toward genetic testing, support, and information needs.
Genet Med 2006;8:697-703.

8. Church JM, McGannon E, Burke C, et al. Teenagers with familial
adenomatous polyposis: what is their risk for colorectal cancer? Dis
Colon Rectum 2002;45:887-9.

9. Vasen HF, Griffioen G, Offenhaus GJ, et al. The value of screening and
central registration of families with familial adenomatous polyposis. A study
of 82 families in the Netherlands. Dis Colon Rectum 1990;33:227-30.

10. Vasen HF, Mosleim G, Alonso A, et al. Guidelines for the clinical
management of familial adenomatous polyposis (FAP). Gut 2008;57:
704-13.

11. https://www.ncen.org/professionals/physician_gls/pdf/genetics_colon.
pdf. Sourced June 2018. Accessed October 2018.

12. Eccles DM, Lunt PW, Wallis Y, et al. An unusually severe phenotype for
FAP. Arch Dis Child 1997;77:431-5.

13. Hyer W, Fell JM. Screening for familial adenomatous polyposis. Arch
Dis Child 2001;84:377-8.

14. Bussey HJ. Familial Polyposis Coli. Baltimore, MD: John Hopkins
Press; 1975.

15. Wallace MH, Frayling IM, Clark SK, et al. Attenuated adenomatous
polyposis coli: the role of ascertainment bias through failure to dye
spray at colonoscopy. Dis Colon Rectum 1999;42:1078-80.

16. Burt RW, Leppert MF, Slattery ML, et al. Genetic testing and phenotype
in a large kindred with attenuated familial adenomatous polyposis.
Gastroenterology 2004;127:444-51.

17. Burn J, Chapman PD, Burn J, et al. Endoscopic screening and surgery
for familial adenomatous polyposis: dangerous delays. Br J Surg
1997;84:74-17.

439

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



Hyer et al

JPGN ¢ Volume 68, Number 3, March 2019

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Aziz O, Athanasiou T, Fazio VW, et al. Meta- analysis of observational
studies of ileorectal versus ileal pouch-anal anastomosis for familial
adenomatous polyposis. Br J Surg 2006;93:407—-17.

Sinha A, Tekkis PP, Rashid S, et al. Risk factors for secondary
proctectomy in patients with familial adenomatous polyposis. Br J
Surg 2010;97:1710-5.

Vasen HF, Van der Luijt RB, Slors JE, et al. Molecular genetic tests as a
guide to surgical management of familial adenomatous polyposis.
Lancet 1996;348:433-5.

Wu JS, Paul P, McGannon EA, et al. APC genotype, polyp number and
surgical options in familial adenomatous polyposis. Ann Surg
1998;227:57-62.

Friedl W, Caspari R, Senteller M, et al. Can APC mutation analysis
contribute to therapeutic decisions in familial adenomatous polyposis?
Experience from 680 FAP families. Gut 2001;48:515-21.

Olsen KO, Juul S, Bulow, et al. Female fecundity before and after
operation for familial adenomatous polyposis. BrJ Surg 2003;90:227-31.
Septer S, Lawson CE, Anant S, et al. Familial adenomatous polyposis in
paediatrics: natural history, emerging surveillance and management
protocols, chemopreventive strategies, and areas of ongoing debate.
Fam Cancer 2016;15:477-85.

Bulow S, Bjork J, Christensen 1J, et al. Duodenal adenomatosis in
familial adenomatous polyposis. Gut 2004;53:381—-6.

Jagelman DG, De Cosse JJ, Bussey HJ. Upper gastrointestinal cancer in
Familial adenomatous polyposis. Lancet 1988;8595:1149-51.

Attard TM, Cuffari C, Tajouri T, et al. Multicenter experience with
upper gastrointestinal polyps in paediatric patients with familial ade-
nomatous polyposis. Am J Gastroenterol 2004;99:681-6.

Gallagher MC, Phillips R, Bulow S. Surveillance and management of
upper gastrointestinal disease in familial adenomatous polyposis. Fam
Cancer 2006;5:263-73.

Kennedy RD, Potter DD, Moir CR, et al. The natural history of familial
adenomatous polyposis syndrome: a 24 year review of a single center
experience in screening, diagnosis, and outcomes. J Pediatr Surg
2014;49:82-6.

Spigelman AD, Williams CB, Talbot IC, et al. Upper gastrointestinal
cancer in patients with familial adenomatous polyposis. Lancet
1989;2:783-5.

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

Walton SJ, Frayling IM, Clark S. Gastric tumours in FAP. Fam Cancer
2017;16:363-9.

Will OCC, Man RF, Phillips RKS, et al. Familial adenomatous polyposis
and the small bowel: a loco-regional review and current management
strategies. Pathol Res Pract 2008;204:449-58.

Groen EJ, Roos A, Muntinghe FL, et al. Extra-intestinal manifestations
of familial adenomatous polyposis. Ann Surg Oncol 2008;15:2439-50.
Giardiello FM, Peterson GM, Brensinger JD. The risk of heptoblastoma
in familial adenomatous polyposis. J Paediatr 1991;119:766-8.
Ortega J, Douglass E, Feusner J, et al. Randomized comparison of
cisplatin/vincristine/fluorouracil and cisplatin/continuous infusion dox-
orubicin for treatment of paediatric hepatoblastoma: a report from the
Children’s Cancer Group and the Paediatric Oncology Group. J Clin
Oncol 2000;18:2665-75.

Aretz S, Koch A, Uhlhaas S, et al. Should children at risk for familial
adenomatous polyposis be screened for hepatoblastoma and children
with apparently sporadic hepatoblastoma be screened for APC germline
mutations? Pediatr Blood Cancer 2006;47:811-8.

Attard TM, Tajouri T, Peterson KD, et al. Familial adenomatous
polyposis in children younger than age ten years, a multidisciplinary
clinic experience. Dis Colon Rectum 2008;51:207—-12.

Hirshman BA, Pollock BH, Tomlinson GE. The spectrum of APC
mutations in children with hepatoblastoma from familial adenomatous
polyposis kindreds. J Pediatr 2005;147:263-6.

Harvey JJ, Clark SK, Hyer W, et al. Germline APC mutations are not
commonly seen in children with sporadic hepatoblastoma. J Pediatr
Gastroenterol Nutr 2008;47:675-17.

Wallis YL, Macdonald F, Hulten M, et al. Genotype- Phenotype
correlation between position of constitutional APC gene mutation
and CHRPE expressed in FAP. Hum Gene 1994;94:543-8.

440

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Tiret A, Parc C. Fundus lesions of adenomatous polyposis. Curr Opinion
Opthal 1999;10:168—-72.

Coleman P, Barnard NA. Congenital hypertrophy of the retinal pigment
epithelium: prevalence and ocular features in the optometric population.
Ophthalmic Physiol Opt 2007;27:547-55.

Traboulsi El, Kursh AL, Gardner EJ, et al. Prevalence and importance of
pigmented ocular fundus lesions in Gardners syndrome. N Engl J Med
1987;316:661-7.

Arvanitis ML, Jagelman DG, Fazio VW, et al. Mortality in patients
with familial adenomatous polyposis. Dis Colon Rectum 1990;33:
639-42.

Nieuwenhuis MH, Casparie M, Mathus-Vliegen LM, et al. A nation-
wide study comparing sporadic and familial adenomatous polyposis-
related desmoid-type fibromatoses. Int J Cancer 2011;129:256-61.
Fallen T, Wilson M, Morlan B, et al. Desmoid tumours - a characterization
of patients seen at Mayo Clinic 1976—-1999. Fam Cancer 2006;5:191-4.
Honeyman JN, Theilen TM, Knowles MA. Desmoid fibromatosis in
children and adolescent: a conservative approach to management.
J Pediatr Surg 2012;48:62-6.

Sinha A, Tekkis PP, Gibbons DC, et al. Risk factors predicting desmoid
occurrence in patients with familial adenomatous polyposis: a meta-
analysis. Colorectal Dis 2011;13:1222-9.

Kattentidt Mouravieva AA, Geurts-Giele IR, De Krijger RR, et al.
Identification of familial adenomatous polyposis carriers among chil-
dren with desmoid tumours. Eur J Cancer 2012;48:1867-74.
Domont J, Salas S, Lacroix L, et al. High frequency of beta-
catenin heterozygous mutations in extra-abdominal fibromatosis: a
potential molecular tool for disease management. Br J Cancer 2010;
102:1032-6.

Nieuwenhuis MH, Mathus-Vliegen EM, Baeten CG, et al. Evaluation of
management of desmoid tumours associated with familial adenomatous
polyposis in Dutch patients. Br J Cancer 2011;104:37-42.

Latchford A. Long term data for chemoprevention in colorectal disease
in familial adenomatous polyposis. Fam Cancer 2015;14:S47.

Tonelli F, Valanzano R, Messerini L, et al. Long-term treatment with
sulindac in familial adenomatous polyposis: is there an actual efficacy in
prevention of rectal cancer? J Surg Oncol 2000;74:15-20.

Giardiello FM, Hamilton SR, Krush AJ, et al. Treatment of colonic and
rectal adenomas with Sulindac in familial adenomatous polyposis.
N Engl J Med 1993;328:1313-6.

Cruz-Correa M, Hylind LM, Romans KE, et al. Long-term treatment
with sulindac in familial adenomatous polyposis: a prospective cohort
study. Gastroenterology 2002;122:641-5.

Giardiello FM, Yang VW, Hylind LM, et al. Primary chemoprevention
of familial adenomatous polyposis with sulindac. N Engl J Med
2002;346:1054-9.

Steinbach G, Lynch PM, Phillips RKS, et al. The effect of celecoxib, a
COX 2 inhibitor in familial adenomatous polyposis. N Engl J Med
2000;342:1946-52.

Lynch PM, Ayers GD, Hawk E, et al. The safety and efficacy of
celecoxib in children with familial adenomatous polyposis. Am J
Gastroenterol 2010;105:1437-43.

McGettigan P, Henry D. Cardiovascular risk and inhibition of cycloox-
ygenase: a systematic review of the observational studies of selective
and nonselective inhibitors of cyclooxygenase 2. JAMA 2006;296:
1633—-44.

Burke CA, Phillips R, Berger M, et al. Children’s International Poly-
posis (CHIP) study: a randomized, double-blind, placebo-controlled
study of celecoxib in children with familial adenomatous polyposis.
Clin Exp Gastroenterol 2017;10:177-85.

Phillips RKS, Wallace MH, Lynch PM, et al. A randomised double blind
placebo controlled study of celecoxib, a selective COX2 inhibitor, on
duodenal polyposis in familial adenomatous polyposis. Gut 2002;50:
857-60.

Lynch PM, Burke C, Phillips RKS, et al. An international randomised
trial of celecoxib versus celecoxib and DFMO in patients with familial
adenomatous polyposis. Gut 2016;65:285-95.

Lynch PM. Chemoprevention of familial adenomatous polyposis. Fam
Cancer 2016;15:467-75.

Cohen S, Gorodnichenco A, Weiss B, et al. Polyposis syndromes in
children and adolescents: a case series data analysis. Eur J Gastro-
enterol Hepatol 2014;26:972-7.

www.jpgn.org

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



JPGN e Volume 68, Number 3, March 2019

Management of FAP in Children and Adolescents

66.

67.

68.

69.

Durno CA, Gallinger S. Genetic predisposition to colorectal cancer:
new pieces in the paediatric puzzle. J Pediatr Gastroenterol Nutr
2006;43:5-15.

Attard T, Giglio P, Koppula S, et al. Brain tumours in individuals with
familial adenomatous polyposis. Cancer 2007;109:761-6.

Cetta F, Curia MC, Montalto G, et al. Thyroid carcinoma usually occurs
in patients with familial adenomatous polyposis in the absence of
biallelic inactivation of the Adenomatous Polyposis Coli gene. J Clin
Endocrinol Metab 2001;86:427-32.

Rauch LB, Erdman SH, Aldrink JH, et al. Fatal extraintestinal adrenal
malignancy in a 12-year-old girl with familial adenomatous polyposis.
J Pediatr Gastroenterol Nutr 2014;58:¢19-20.

WwWw.jpgn.org

70.

71.

72.

73.

Mallinson E, Newton K, Bowen J, et al. The impact of screening and
genetic registration on mortality and colorectal cancer incidence in
familial adenomatous polyposis. Gut 2010;59:1378-82.

Gibbons DC, Sinha A, Phillips RKS, et al. Colorectal cancer: no longer
the issue in familial adenomatous polyposis? Fam Cancer 2011;10:11—
20.

Durno C, Wong J, Berk T, et al. Quality of Life and functional outcome
for individuals who underwent very early colectomy for familial
adenomatous polyposis. Dis Colon Rectum 2012;55:436—-43.
Osterfeld N, Kadmon M, Brechtel, et al. Preoperative and postoperative
quality of life in patients with familial adenomatous polyposis. Dis
Colon Rectum 2008;51:1324-30.

441

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



