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Abstract

Familial adenomatous polyposis (FAP) is a group of diseases, mostly caused by an APC suppressor gene mutation inherited
in an autosomal dominant pattern. It results in numerous adenomas formed in the epithelium of the large intestine leading
to colorectal cancer in 100% of cases, with the mean age of 39, and a high risk of other fatal neoplasms. There is no causative
treatment possible. Total colectomy performed at the right time is the only way to prevent the individual from developing
colorectal cancer. The aim of this study was to present the diagnostic performance and treatment methods of FAP. Fast diag-
nosis and strict surveillance of patients and their families are the most important for effective treatment.

Streszczenie

Rodzinna polipowato$¢ gruczolakowata (FAP) to heterogenna grupa choréb genetycznych zwigzanych z polipowatoscia je-
lita grubego. Najczesciej jest dziedziczona autosomalnie dominujaco, a mutacja dotyczy genu supresorowego APC. W btonie
Sluzowej jelita grubego chorych rozwijaja si¢ setki polipéw gruczolakowatych, o wysokim potencjale nowotworzenia. Ryzy-
ko wystapienia raka jelita grubego na ich podtozu wynosi 100%, a Sredni wiek jego rozwoju to 39 lat. Zesp6t ten predyspo-
nuje réwniez do innych, tagodnych i ztosliwych nowotworéw. Obecnie nie jest znane leczenie przyczynowe tej choroby. Ce-
lem pracy byto przypomnienie zasad nadzoru endoskopowego i leczenia FAP. Wcze$nie postawiona diagnoza, $cisty nadzor
nad pacjentem i jego rodzing sa najwazniejsze dla uzyskania zadowalajacych efektéw leczenia.

Introduction

Familial adenomatous polyposis (FAP) is an inher-
ited syndrome, characterised mostly by omnipresent
polyps located in the colon and rectum. These lesions
are related to mutations in the APC and MYH genes
and present a high cancerogenic potential. Moreover,
the syndrome predisposes to various types of malig-
nant and benign neoplasms located in the small intes-
tine, stomach, pancreas and retroperitoneal space [1].
It is estimated that 1% of colorectal cancers worldwide
develop on the background of familial adenomatous
polyposis, but for individuals with FAP the lifetime

risk of colorectal cancer (CRC) is 100%. Cancer of the
colon and rectum is the third most frequent cancer in
males worldwide (660,000 cases, 10%), and the second
in females (570,000 cases, 9%). Nearly 60% of onsets
are observed in well-developed countries [2]. The pop-
ulation risk of colorectal cancer (CRC) is high and it
is estimated at the level of 5-6% [3]. Among patients
with colorectal cancer aged under 40 in the Danish
population, the percentage of FAP was 5% [4]. The
5-year survival rate depends on the clinical stage by
establishing a diagnosis and is as follows: stage I - 70%,
stage II — 63%, stage III — 46% and stage IV- 12% [5].
CRC is the second most frequent cancer-related cause
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of death worldwide; according to the WHO in 2018 it
caused 862 000 deaths (8% of cancer-related deaths).
Morbidity of this cancer in Poland and worldwide con-
tinues to increase.

The objective of the study is to review current di-
agnostic methods, surveillance and treatment meth-
ods in FAP according to evidence-based medicine.

Molecular biology of FAP

Familial adenomatous polyposis (FAP) is a heredi-
tary syndrome which develops mainly on the back-
ground of APC suppressor gene mutation. The APC
gene is located on chromosome 5, region q21; it con-
sists of 8535 base pairs divided into 15 exons [1]. Its
product, APC protein, participates in the processes
of normal epithelium formation, ensures integrity of
the cytoskeleton through the actin complex [6], con-
trols inhibition of cell proliferation by way of apop-
tosis, promotes cell adhesion through the B-catenin
complex and allows migration of intestinal cells from
crypts up to the intestinal lumen [7]. Normal APC
protein inhibits proliferation of the damaged cells
and directs them to the route of controlled death in
the mechanism of apoptosis. Its dysfunction leads to
accumulation of mutations in the genetic material,
excessive cell proliferation and consequently to ma-
lignancies [8]. Another function of APC protein is
promoting the migration of the intestinal epithelial
cells through the kinesin complex KAP3. Young cells
of the intestinal epithelium, which are formed from
matrix cells at the crypt base, subsequently migrate
upward towards the intestinal lumen where they
form a layer. During the migration they undergo dif-
ferentiation into individual types of intestinal epi-
thelium cells, i.e. structural, cube-like, and secretory.
Expression of the wild-type APC gene is mandatory
for the normal course of this process. Its malfunction,
which is caused by impaired structure due to genetic
mutation, inhibits the migration of epithelial cells
which causes their accumulation inside crypts and
development of polyps [7]. The role of the APC pro-
tein is best understood in carcinogenesis of the mu-
cous membrane of the large intestine.

Familial adenomatous polyposis is mainly (over
95%) inherited, in an autosomal dominant pattern,
and penetration of the gene is approximately 95%.
This means that each child of an affected person has
50% chance of inheriting the mutation [7]. There are
no healthy carriers, so each person who inherits the
impaired gene becomes instantly ill. 20-40% of pa-
tients with FAP have a negative family history [6]. It is
considered that even 20% of mutations in the APC
gene are formed de novo (1 per 8,000-10,000 births)
[6, 9, 10] mostly in the mechanism of loss of heterozy-
gosity. In these patients the diagnosis is usually late,
when symptoms and signs of colorectal cancer have
already developed [6, 11].
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Clinical biology of FAP

Clinically familial adenomatous polyposis syn-
drome is manifested by the presence of numerous
(from several to more than several thousand) adeno-
matous polyps in the large intestine, most frequently
with tubular architecture, more rarely villous. They
typically start to form during the period of puberty,
median approx. at the age of 16 [12] (although cases of
their early burden were described at the age of even
2-3). In the natural course of the disease multiple
polyps are located in the mucous membrane of the
whole large intestine and they express high potential
for carcinogenesis. The mean age of CRC onset in FAP
is 39 and the mean age of death is 42 [12, 13]. The life-
time risk of developing colorectal cancer in this condi-
tion is 100% and the lesion is in as many as 50% of
cases multifocal when diagnosed [5]. Only in approxi-
mately 8% of individuals does the disease have a mild
and non-typical course [13].

The FAP syndrome predisposes to variety of other
benign and malignant neoplasms, including thyroid
cancer (2-3%), fetal hepatoblastoma (approx. 1%),
brain tumours (< 1%), duodenal and gastric cancer.
Other clinical manifestations of FAP are congenital
hypertrophy of the retinal pigmented epithelium
(CHRPE), which occurs in 70-80% of individuals,
epidermoid cysts in 50%, osteomas in 50-90%, gas-
tric and duodenal adenomas. In addition, desmoid tu-
mours, supernumerary teeth, and adrenal adenomas
are observed [13]. It was confirmed that duodenal ad-
enomas may occur in as many as 50-90% of patients
with FAP [13-15]. The prevalence of duodenal cancer
in this group is 1-6%, and the mean age of establish-
ing a diagnosis is 47 [12]. It is a frequent cause of death
in patients with familial adenomatous polyposis
[12, 16]. According to some researchers, it is the most
frequent cause of death among patients with FAP after
colectomy [12, 17].

Establishing a diagnosis

Establishing a diagnosis of FAP is based on con-
firmed presence of > 100 of polyps in the large intestine.

In individuals with fewer polyps, a typical family
history, typical course of the disease and presence of ex-
tracolonic manifestations are taken into consideration.

Every person with a clinical manifestation or fam-
ily history of FAP should undergo genetic testing.

Genetic testing

According to the American Gastroenterology Col-
lege of Gastroenterology Guideline (2015) genetic test-
ing should be performed in individuals who have:

* a history of more than 10 accumulative adenomas
in the colon and/or rectum,

e a family history of one of the intestinal polyposis
syndromes,
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Table 1. Spiegelman’s classification
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Points No. of polyps Size of polyps [mm]
1 1-4 1-4
2 5-20 5-10
3 > 20 >10

Histology Dysplasia
Tubular/hyperplastic/inflammatory Mild*
Tubulovillous Moderate*

Villous Considerable”

Interpretation: Grade 0O: no points; Grade I: 1-4 points; Grade II: 56 points; Grade lll: 7-8 points; Grade IV: 9-12 points. *According to the
present classification means low grade dysplasia. *According to the present classification means high grade dysplasia [13].

Table 2. The recommended scheme of maintaining strict
endoscopic surveillance of duodenum management

Grade according Time between successive
to Spiegelman examinations

0/l 5 years

Il 3 years

1 1-2 years

% Consider surgery

[¥] - http://www.mp.pl/gastrologia/wytyczne/show.html?id=69630].

e ahistory of adenomas of colon and/or rectum and
symptoms of typical extracolonic manifestations
such as adenomas in the duodenum, desmoid tu-
mours, CHRPE, epidermal cysts, osteomas [18].

Surveillance

Spiegelman et al. created a classification of duode-
nal polyps according to their number, size and histo-
logical type, which qualifies patients into groups at
low, mediocre and high risk of malignant transforma-
tion of adenomas (Table 1).

A group of experts have established a scheme of
surveillance of the duodenum for patients with famil-
ial adenomatous polyposis, based on this classification.

The recommended scheme of maintaining strict
endoscopic surveillance of duodenum management
was presented in Table 2.

Extraduodenal polyps of the small intestine are
also frequent in FAP. The prevalence is estimated
at 50% for the jejunum, and 20% for the ileum. How-
ever, low prevalence of small intestine cancer in pa-
tients reveals a low potential of carcinogenesis in this
localization [19, 20]. Another concern in patients with
FAP are desmoid tumours [21]. These are histologically
benign fibrous tumours, which are most often formed
spontaneously in the retroperitoneal space and as
a iatrogenic condition after surgical interventions in
the peritoneal cavity [12, 22]. Two clinical studies re-
vealed that the mean time between colectomy and the
diagnosis of desmoid tumours was 5 years [21, 23]. The
prevalence of desmoid tumours in FAP is approximate-
ly 20% [21]. They are a common cause of death among
patients suffering from this condition due to limited
possibilities and poor effects of available treatment

methods. And more another problematic issue — thy-

roid cancer — occurs more often in females than males.

Systematic examinations of thyroid gland are recom-

mended [24] in FAP syndrome, but they are not per-

formed routinely [20].

Attenuated FAP (AFAP) is a milder form of FAP,
where the number of polyps in the large intestine
usually does not exceed 100, and they are located
more proximally in the colon affecting mostly its right
side. In the natural course of the disease the mean age
of developing CRC is 56 years [20]. The exact criteria
of standing a diagnosis of AFAP have not been finally
established. In 2007 there was a meeting of experts
concerning this problem, where two main sugges-
tions for criteria of diagnosis were presented [19].

Nielsen’s criteria [19]:

1) at least 2 family members aged over 30 with 10—
99 polyps, and lack of a family member aged under
30 with > 100 polyps;

2) 1 person > 30 with 10-99 polyps and a first-degree
relative with a small number of polyps and CRC,
lack of family member aged < 30 with > 100 polyps.

Criteria by Knudsen et al. [19]:

1) dominant inheritance;

2) 3-99 polyps of the large intestine in a person aged
>20.

Strict endoscopic surveillance of patients with FAP
should be carried out in the form of fibrosigmoidos-
copy from the age of 10-12 every 2 years until the
diagnosis of adenomas, and subsequently, annually
until planned colectomy [19, 24, 25].

Patients with atypical form of FAP should have
full colonoscopy performed from the age of 18-20 ev-
ery 2 years, and after diagnosis of the polyps, annu-
ally [19]. In the case of symptomatic individuals, the
screening should be undertaken earlier. There is no
age limit from which it is recommended to perform
endoscopic examinations [19]. It is significant that the
strict surveillance and following of recommendations
enables the correct treatment and is associated with
a lower mortality rate [19].

Treatment

The treatment of choice both in FAP and AFAP is
surgical resection of the large intestine before the ma-
lignant transformation of polyps begins. The major-
ity of individuals undergo surgery between the age of
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15 and 25 but direct indications and timing for sur-
gical procedure are established individually during
endoscopic surveillance [19]. Experts recommend re-
section of the large intestine when diagnosing a con-
siderable number of adenomatous polyps of the di-
ameter > 5 mm including adenomas with high grade
dysplasia [19]. The method is selected individually
[24] and is based primarily on the patient’s preferenc-
es with consideration of general condition, co-mor-
bidities, age, gender, reproductive plans and the num-
ber of polyps in the rectum [19].

There are three recommended methods of colec-
tomy in FAP:

1) total colectomy with ileorectal anastomosis — IRA;

2) proctocolectomy with ileal pouch-anal anastomosis
- IPAA;

3) proctocolectomy with ileostomy.

The third method - proctocolectomy with end
ileostomy - is generally not accepted by patients
due to worse quality of life and various problems con-
cerning individuals with stoma [26]. It is a method
of choice in patients with diagnosed rectal or anal
cancer and with anal sphincter disorders. The other
indications can include high risk of anal and rectal
cancer, severe comorbidities and a desmoid mesenter-
ic tumour rendering forming a pouch impossible [27].

IRA as a single stage procedure is easier to per-
form than IPAA. It is recommended in individuals
with a low number of rectal polyps — with AFAP or
so-called ‘mild’ FAP genotype — associated with a low-
er number of polyps in the rectum and a lower risk
of their malignancy and also in young women who
are planning to be pregnant. Nevertheless, the 5-year
risk of colorectal cancer located in the rectum is high
after performing this surgery [12, 13, 19] and rang-
es from 60 to 78 % [28-30]. The procedure should
not be performed in patients with sphincter dysfunc-
tion, colon or rectum cancer and presence of adeno-
mas > 3 cm with severe dysplasia in the rectum [27].

IPAA is a method of total colectomy including the
rectum, followed by forming a reservoir of the stapled
or sutured ileal loops. Some authorities recommend it
as a two-stage procedure - initially requiring the for-
mation of a protective loop ileostomy, which is closed
not earlier than after several weeks or months. There
are two available methods of performing it — one is
traditional handsewn ileal pouch formation which is
accompanied by total mucosectomy above the dentate
line in which the mucous membrane of the large intes-
tine is totally removed while the continuity of the gas-
trointestinal tract and the function of sphincters are
maintained. The second method - stapled mechanical
anastomosis and pouch formation — was brought by
technological progress. The method is faster, easier to
perform and makes it possible to maintain better anal
function as it requires less manipulation of sphincters
and a little rectal cuff is left above the anastomosis. An-
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other advantage of a stapled anastomosis is the possi-
bility to perform it with a laparoscopic approach. It is
worth laying emphasis on the fact that patients are of-
ten young people undergoing preventative surgery. As
doctors we should not only be concerned about their
life expectancy, but also the quality of their life, which
includes their appearance, sexual functions and fer-
tility. The laparoscopic approach promotes a reduced
number of abdominal and pelvic adhesions, a lower
infertility rate in women than a classical IPAA, and
of course avoids large surgical incisions [30]. Howev-
er, a stapled ileal pouch is related to higher adenoma
incidence and higher rectal cancer risk than a hand-
sewn pouch [27] as the rectal mucous membrane is
preserved. A hot debate over the pros and cons of dif-
ferent methods is continued by authorities. Compar-
ing the two surgical methods, IPAA is associated with
a larger number of serious surgical complications than
IRA -both early, such as anastomotic leaks, pelvic sep-
sis or bleeding, and late, such as pouchitis, fistulas or
further polyps forming in the pouch and consequently
cancer in the pouch [5, 13, 31]. It is important to know
that colectomy and formation of the ileal pouch do not
cure the disease. Strict endoscopic surveillance still has
to be performed, as the ileal mucosa of the pouch de-
velops chronic inflammation, villous atrophy, colonic
metaplasia and further polyp formation. Dysplasia is
rare in these polyps, although invasive colorectal can-
cer can still develop [32]. According to recent studies
the risk of adenoma burden in the ileal pouch was 7%,
35%, 75% respectively for 5-, 10-, 15-year follow-up
[33]. Some studies revealed that up to 18% of patients
can develop advanced histological features including
metaplastic adenomas and adenocarcinomas [33]. Oth-
er concerns in forming a pouch are postoperative adhe-
sions and hypogastric nerve neuropraxia during pelvic
dissection, which are believed to be a cause of sexual
dysfunctions and infertility in women [31]. IPAA is the
method of choice in individuals with a larger number
of polyps in the rectum, e.g. more than 15-20 [13], and
of so-called ‘bad genotypes’, where polyps in the rec-
tum are not yet present, but the risk of their burden is
high. Aziz et al. published a meta-analysis of 12 studies
including a total of 1,002 patients with FAP [34] who
had undergone IRA or IPAA procedures, and compared
the functional effects and the quality of life. It was
found that the number of stools per day, defecations at
night, and number of pads used in faecal incontinence
were significantly lower in the group of patients after
IRA. In addition, bowel urgencies more frequently con-
cerned patients after IPAA. They were also more often
subjected to re-operation within 30 days. Similar num-
bers of sexual dysfunctions, dietetic limitations, and
post-surgical complications were described after IPAA
and IRA [13]. The lifetime risk of colorectal cancer after
IRA was estimated at 5%, but a further removal of the
rectum was performed in 28% after IRA and 3% after
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IPAA [13]. Due to the higher infertility rate the IPAA
procedure is not recommended in young women [13].
In individuals with a higher risk of desmoid tumours,
IRA is more recommended as it is a single-stage proce-
dure [13].

All the operations in individuals with FAP syn-
drome should be performed in highly specialized de-
partments with experience in treating such patients.
It is recommended to perform laparoscopy assisted
colectomy, when possible, as it leads to faster recovery
with shorter peristalsis detection and oral intake time,
and is independently associated with reduced risk of
death from any cause [35].

There are no official guidelines; the treatment
method is planned individually. There is still a range
of controversial issues which are being discussed by
many experts. Problems such as gaining an open or
laparoscopic approach, performing an ileal-pouch
anastomosis without a diverting ileostomy, or using
a mechanical or a handsewn anastomosis are still be-
ing evaluated [27].

The surveillance after proctocolectomy includes:
after IRA - rectoscopy performed every 3-6 months
[12, 24, 36]. All polyps > 5 mm should be removed
[37]. After IPAA — endoscopy every 6 months — 5 years,
irrespective of the number of polyps [24]. Gastroduo-
denoscopy every 6 months — 5 years, irrespective of
the number of polyps [24].

Apart from surgical treatment, as a supportive
therapy in FAP, there were attempts to apply phar-
macotherapy. Two randomized studies with a double
blinded placebo controlled trial confirmed that the
nonsteroidal anti-inflammatory drug sulindac when
administered orally decreases the number and size of
polyps [38-40].

Initially, great hope was associated with the use of
coxibs; however, studies were stopped due to a large
number of poor cardiovascular outcomes [21]. At-
tempts were also undertaken to use genetic therapy.
The functional APC gene was introduced using lipo-
some vectors into the line of the large intestine mu-
cous membrane cells SW 480. However, it was not
integrated into the genetic material, and the effective-
ness of such treatment was low. Normal expression of
the APC gene was obtained 72 h after introduction
and maintained for about a week at a level providing
a biological effect. There are still attempts undertaken
to obtain a permanent effect [8]. Therefore, the find-
ing of pharmacological or biological treatment re-
mains the task of future generations, whereas surgical
treatment remains the procedure of choice in FAP.

What is new

1. There is an ongoing II Phase of trial by Mayo Clinic.
“Erlotinib Hydrochloride in Reducing Duodenal Pol-
yp Burden in Patients With Familial Adenomatous
Polyposis at Risk of Developing Colon Cancer” [41].

Agata M. Gronowska, Stanistaw Gtuszek, Jacek Bicki, Jarostaw Matykiewicz

2. In August 2016 Burke et al. published in BMC Gas-
troenterology “Efficacy and safety of eflornithine
(CPP-1X)/sulindac combination therapy versus each
as monotherapy in patients with familial adenoma-
tous polyposis (FAP): design and rationale of a ran-
domized, double-blind, Phase III trial” The end of
the trial was planned for 2019 and is not finished
yet [41].

According to the source in a clinical trial, this
combination (compared with placebo) reduced the
3-year incidence of subsequent high-risk adenomas
by > 90% [42, 43].

Different forms of familial polyposis coli

Apart from the classic familial adenomatous pol-
yposis, various forms of it are described. These are:
the above-mentioned AFAP syndrome — with a low-
er severity of the disease, a lower number of polyps
in the large intestine, and the later onset of cancer
than in the classic form. The MUTYH syndrome in-
herited in an autosomal recessive pattern — the mu-
tation concerns the MYH gene, whose product is re-
sponsible for oxidative DNA damage repair [20]. The
defect leads to cell malignancy due to improper DNA
repair and accumulation of incidental mutations in
the genetic material; the onset of clinical symptoms
is estimated at the 4" to 5" decade of life and the de-
velopment of colorectal cancer usually before the age
of 60.

Gardner syndrome — the mutation also concerns
the APC gene, more rarely the RAS gene on chromo-
some 12, and the P53 gene. Apart from typical symp-
toms of familial adenomatous polyposis, inevitably
leading to malignancies, severe disorders in the struc-
ture of connective tissue are described. Non-intestinal
symptoms include sebaceous adenomas on the skin,
osteomas, supernumerary teeth, odontomas, and oth-
er tumours derrived from the connective tissue.

Turcot syndrome — a mutation in the APC gene
and its typical symptoms are accompanied by medul-
loblastomas (autosomal dominant form), and multi-
form glioblastomas (recessive form).

In Poland, the Register of Patients with Familial
Adenomatous Polyposis has been kept since 1989 by
Prof. Krokowicz in Poznan. He closely cooperates
with the Department of Genetics at the Pomeranian
Medical University, and the Institute of Human Ge-
netics, Polish Academy of Sciences in Poznan, where
the DNA bank for patients with FAP and their families
is located. The DNA Bank for Polish patients with fa-
milial adenomatous polyposis contains material from
nearly 400 families [8].

Conclusions

In the natural course FAP inevitably leads to early
onset of colorectal cancer, often metastatic and mul-

Medical Studies/Studia Medyczne 2020; 36/4



Colorectal cancer in the course of familial adenomatous polyposis: natural history and treatment methods

tifocal when diagnosed, with poor clinical outcomes.
Causative treatment of this condition is not yet pos-
sible. The surgical removal of the colon and rectum
remains the only way to prevent CRC. An aware and
watchful physician is a core element in the process of
establishing a fast diagnosis and processing a proper
life-saving treatment.
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