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Abstract

Familial adenomatous polyposis (FAP) is a hereditary
disorder caused by Adenomatous Polyposis Gene
mutations that lead to the development of colorectal
polyps with great malignant risk throughout life. More-
over, numerous extracolonic manifestations incorporate
different clinical features to produce varied individual
phenotypes. Among them, the occurrence of duodenal
adenomatous polyps is considered an almost inevitable
event, and their incidence rates increase as a patient’s
age advances. Although the majority of patients exhibit
different grades of duodenal adenomatosis as they
age, only a small proportion (1%-5%) of patients will
ultimately develop duodenal carcinoma. Within this
context, the aim of the present study was to review
the data regarding the epidemiology, classification,
genetic features, endoscopic features, carcinogenesis,
surveillance and management of duodenal polyps in
patients with FAP.

Key words: Familial adenomatous polyposis; Adenoma;
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Core tip: The development of duodenal adenomas is
considered a very common and important extracolonic
manifestation in patients with familial adenomatous
polyposis. Results from recently published studies
have indicated the need for life-long surveillance of
patients presenting with this condition due to a risk
of malignization, especially in patients with severe
adenomatosis. The present study discusses the incidence,
endoscopic features and management of duodenal
adenomas and reviews the published data regarding
cancer prevention and surveillance.

Campos FG, Sulbaran M, Safatle-Ribeiro AV, Martinez CAR.
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INTRODUCTION

Familial adenomatous polyposis (FAP) is an inherited
autosomal dominant syndrome that is caused by
germline mutations in one copy of the adenomatous
polyposis coli (APC) gene. These mutations lead to the
development of a variable nhumber of colorectal polyps
during the second and third decade of life!?. APC is
a tumor suppressor gene that is located on the long
arm of chromosome 5 (5g21-22) and is composed of
15 exons. Exons 1-14 are small compared to the large
exon 15, which has 6571 base pairs and accounts for
over 70% of the coding portion of the gene®**.,

As the disease is associated with an almost 100%
risk of developing colorectal cancer (CRC) in untreated
patients, prophylactic colectomy is considered the
cornerstone of FAP management“'S]. Performing a
proctocolectomy before a patient reaches adulthood is
associated with a substantial reduction in the incidence
of CRC and a better prognosis. Consequently, the
extracolonic manifestations (ECM) of the disease
have been reported to lead to a relative increase in
death™®. Survival effects associated with screening and
prophylactic surgery, life expectancy remains lower than
that observed in the general populationt”®,

The majority of ECM have little clinical significance,
but some of them may cause serious complications and
even lead to death®'!l. The majority of FAP patients
(over 70%) present with some level of ECM during
the course of the disease, such as cutaneous lesions
(lipomas, fibromas, sebaceous and epidermoid cysts),
desmoids tumors, osteomas, dental abnormalities,
congenital hypertrophy of retinal pigment epithelium
lesions (CHRPE) or upper-gastrointestinal polypst.
Moreover, patients with PAF are also at an increased
risk for several malignancies, including hepatoblastoma,
pancreatic, thyroid, biliary-tree, brain and duodenal
cancers!'?.

Gastric fundic gland polyps, gastric adenomas,
duodenal adenomas and carcinoma represent the most
common upper digestive lesions that are diagnosed in
FAP patients (Figure 1), As they are an important
potential cause of morbidity in FAP patients, duodenal
polyps require diagnosis, follow-up and preventive
measures to avoid carcinogenesis. Thus, the aim of
the present study was to review the data regarding
the epidemiology, classification, genetic features,
endoscopic features, carcinogenesis, surveillance and
management of duodenal polyps in patients with FAP.
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CHARACTERIZATION OF DUODENAL
POLYPS IN FAP

Historical aspects

After the colon and rectum, the duodenum is the
second most common site of polyp development in
patients with FAP™* %, The existence of gastric and
duodenal polyps in these patients was established
more than a century ago, and Cabot described the first
case of duodenal cancer in 1935, In a different
study, it was found that a considerable number of
stomach and duodenum polyps develop at an early
age in the majority of pediatric patients, which led to
the recommendation of periodic screening of the upper
gastrointestinal in the 1960s™®. The malignant potential
of duodenal lesions was gradually established over
the next decade, primarily following the introduction
of flexible endoscopes during the 1970s™®?!, During
the 1970s and 1980s, numerous additional studies
described high numbers of gastroduodenal polyps
being identified during endoscopic screenings, providing
definitive support for the inclusion of upper digestive
endoscopy during routine evaluation and surveillance of
FAP patients'*>*?,

Epidemiology

Duodenal adenomas tend to occur approximately 15
years after the appearance of colonic adenomas?**"**,
Duodenal adenomas have been found in 30%-92%
of FAP patients, with a lifetime risk approaching
100%Y**#24 The frequency of detecting duodenal
adenomas in FAP patients may vary depending on
endoscopic technique and the method of tissue samp-
ling”***”1, Employing side-viewing endoscopes and
random biopsies, exceptional detection rates of 70% and
above may be achieved for duodenal and periampullary
adenomas***?, Biopsies of periampullary regions
and duodenal papilla revealed numerous microadeno-
mas that were not detected in normal duodenal
mucosa*>***7,

Polyp distribution and histology
The macroscopic appearance of duodenal adenomas
in patients with FAP varies widely®*3!, These lesions
are usually white, numerous and sessile flat. Due to
their small size, they may easily be missed or even
entirely overlooked during upper endoscopy. With the
aid of chromoscopic techniques, such as sprinkling
indigo-carmine or methylene blue over the mucosa,
the number of detected polyps may increase considera-
bly. In any given patient, using such techniques can
identify anywhere from no visible microadenomas to
the existence of over 100 microadenomas of varying
diameters (1-10 mm)Y****, The use of side-viewing
endoscopes may eventually enable the detection of a
prominent papilla of Vater within a solitary adenoma
(Figure 2).

The distribution pattern throughout the duodenum
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Figure 1 Endoscopic view showing a stage II disease (10-20 small duodenal adenomas with tubular histology) in A, and a large papilla lesion which

biopsy revealed a well-moderated carcinoma in B.

Figure 2 Detection of a prominent papilla of Vater with a solitary adenoma
with the help of a side-viewing endoscope.

and the upper part of the small bowel reveals that the
majority of polyps are found in clusters around and
mainly distal to the ampulla of Vater (second and third
part of the duodenum)&%*,

In 1989, Spigelman et a** proposed a five-stage
classification (0-IV) system to evaluate polyp severity
that has become widely adopted. Classification is
based on points that are accumulated according to
the number, size, histology and dysplasia of polyps.
Following this, disease stages are categorized as mild (I),
moderate (II), or severe (Ill and IV) (Table 1).

Previous reports have indicated that approximately
70%-80% of FAP patients have stage II or Il duodenal
disease and 20%-30% have stage I or IV disease®**
(Figure 3). In a retrospective Swedish study that eva-
luated 180 patients with FAP, 134 (74%) of the pati-
ents exhibited duodenal adenomas, of which only
14 (7.8%) were classified as stage IV periampullary
adenomas. The authors estimated a time course of 7.1
(range: 5.3-9.8) years for the development of stage
IV periampullary adenomas from normal duodenum.
Periampullary adenocarcinomas were diagnosed in 5
(2.7%) patients, of whom 3 had a previous diagnosis of
stage IV disease based on endoscopic screening and 2
had less severe periampullary adenomatosis™*.

In an interesting, large multicentric study that
analyzed 368 upper endoscopies, Biilow et a/t*"
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detected duodenal polyps in 228 (61.9%) patients,
with adenomas in 209 (91%) and normal mucosa in 19
(9%). Moreover, random duodenal biopsies revealed
adenomatous tissue in 28 patients who did not have
visible polyps at endoscopy. Based on Spigelman
classification, 34%, 15%, 27%, 17% and 7% of patients
had stage I, 11, III, IV and V disease, respectively. Two
of the patients in this series presented with duodenal
carcinoma during screening. The estimated cumulative
lifetime risks were 88% for duodenal adenomatosis and
35% for stage IV disease. The authors also measured
a cumulative cancer incidence of 18% at 75 years of
age. Groves et al* followed 99 patients over a course
of 10 years and reported a progression in the incidence
of stage IV disease from 9.6% to 14% in patients
with a mean age of 42 years. These prospective
studies showed that adenomas progress slowly in the
duodenum and that adenomatosis is usually diagnosed
at a premalignant stage.

In addition to the above, it must be emphasized
that although Spigelman classification correlates well
with duodenal cancer risk, it focuses primarily on non-
ampullary duodenal disease. Therefore, a separate
evaluation of ampullary disease is required to establish
an accurate individual risk assessment™®,

Duodenal carcinogenesis and cancer risk
The distribution of adenomas within the duodenum
probably reflects the exposure of duodenal mucosa
to bile acids, suggesting a role for these compounds
in duodenal carcinogenesis®®?. Duodenal cancer is
one of the two leading causes of death (the other
being desmoid tumors) in patients with FAP after
they receive prophylactic colectomy!®*?. When com-
pared to the general population (in whom duodenal
carcinoma is rare), the relative risks of developing
duodenal adenocarcinoma and ampullary carcinoma
were respectively 331 and 124 times higher in FAP
patients®®, Similarly, another study estimated these
risks as being 100- to 330-fold higher®”. The absolute
lifetime risk was estimated to be approximately
3%-5%">,

In contrast to colorectal polyps, duodenal polyps
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Figure 3 Endoscopic aspect of a stage I patient exhibiting 3 adenomatous-tubular polyps with low-grade dysplasia (left); on the right, one may observe a
6 mm tubulo-villous polyp with severe dysplasia, along with other smaller adenomas diagnosed in another patient (stage IV disease).

do not inevitably transform into cancer’™. Dysplastic
duodenal polyps in FAP patients generally occur 10-20
years after the development of colorectal polyps, and
the risk of malignant transformation ranges from 1% to
50/0[14,33,37,38].

Stage IV patients have the greatest risk of deve-
loping duodenal cancer, with rates of 7%-36% having
been described in 7.6- to 10-year follow-up periods"**?.
Alternatively, this risk is low (0.7%) among stage 0
to stage III patients™ . Mortality rates from duodenal
cancer vary from 1.7% to 8.2%""%**3,

Genotype-phenotype correlation

Several genotype-phenotype correlations have been
described for colonic polyposis and ECM in FAP patients,
including those related to CHRPE and desmoids!**“,
Aside from the identification of genetic hot spots that
are associated with the severity of duodenal adenoma-
tosis, a genotype-phenotype correlation for the disease
has not been well defined!**",

In a study conducted by Fried! et ai*®}, no correlation
was detected between the locations of mutations
and the severity of duodenal polyposis. Conversely,
Soravia et al*! described severe duodenal polyposis
in patients with 5" mutations. Additional reports have
suggested that mutations in the central part of the APC
gene and in exon 15 (particularly distal to codon 1400)
may predispose an individual to a severe duodenal
phenotype®.

SURVEILLANCE AND MANAGEMENT

Why is surveillance necessary?
In patients with FAP, small bowel polyps are predominantly
found in the duodenum and ampulla, although they may
also develop in ileostomies and ileal pouches™". Within
the duodenum, the cumulative incidence of polyp
development increases with age (65% at 38 years and
90%-95% by 70 years)*.,

Recognition of the problem is essential toward
establishing recommendations for surveillance of the
upper gastrointestinal tract. The risk of malignancy

WIJGE | www.wjgnet.com

JRaishideng®

953

increases with size, location (ampullary) and adenoma-
tosis severity!**?l. Thus, between the existence of
an almost 100% lifetime risk of developing duodenal
adenomatosis and the cumulative incidence rates of
Spigelman stage 1V disease and carcinoma (4% to
10%), there is a clear need for careful follow-up and
surveillance of this populationt*>>>",

Improving prognosis through early detection of
neoplastic changes is the basis for endoscopic surveil-
lance, and decision analysis has shown that surveillance
increases life expectancy by seven months*’l, Moreover,
a surveillance program that was based on endoscopic/
histological findings and associated with early diagnosis
and resection of cancer was shown to improve the
prognosis of selected patients™.

How much and how often?

Adequate evaluation of the duodenum can be obtained
with the use of frontal and side viewing (lateral) endo-
scopes, which facilitate evaluation of the Vater Papilla.
Additionally, indigo carmine chromoendoscopy and
electronic imaging techniques may improve the efficacy
of detecting lesions. As periampullary carcinomas
represent a leading cause of death in FAP patients,
biopsies of this region should be performed regardless
of whether mucosa appears normal, as approximately
7.6% of patients with normal endoscopic results exhibit
adenomatous tissue on random biopsy!'%***%,

When to begin surveillance of FAP patients is a
controversial issue, with some clinicians supporting that
surveillance begin when FAP is diagnosed and others
proposing that it should not begin until patients reach
25-30 years in age, as a diagnosis of duodenal cancer
before age 30 is rare!'******”), post-baseline evaluations
should be planned according to Spigelman disease
stage. This classification is widely accepted as the best
option for stratifying the risk of duodenal cancer™*.
Surveillance is the most advantageous in stage IV
patients, as their risk of duodenal carcinoma ranges
from 7%-36% compared to non-stage IV patients, who
have an overall risk of 5%.

Although published recommendations differ, in
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Table 1 Spigelman classification for duodenal polyposis in

patients with familial adenomatous polyposis

Criterion Points

1 2 3
Polyp number 1-4 5-20 >20
Polyp size (mm) 1-4 5-10 >10
Histology Tubular Tubulo-villous Villous
Dysplasia Mild Moderate Severe

Stage 0: 0 points; stage I: 1-4 points; stage II: 5-6 points; stage III: 7-8
points; stage IV: 9-12 points

general, early stage patients are advised to undergo
endoscopy either every 4-5 years (stages 0-I) or
every 3-5 years (stage I)®***"%% In stage II patients,
Groves et al®¥ have suggested that endoscopic
therapy include endoscopic mucosal resection (EMR).
However, the above intervals may be reduced to 1-3
years for patients with mild polyposis (stage III) or
to 6-12 mo for patients with severe polyposis, large
adenomas or dysplasia™***®l, It has been suggested
that stage III patients undergo EMR to reduce duodenal
adenomatosis™>*"). As one third of stage IV patients
may experience malignant transformation if they
are not treated, these patients should also undergo
endoscopic ultrasonography and computed tomography
for staging during initial evaluationt**4,

For patients with periampullary lesions, a different
protocol has been proposed due to the greater associ-
ated risks™>®%, This protocol recommends that patients
with ampullary polyposis should be examined annually,
irrespective of disease severity in other regions of
the duodenum. Progression of the disease may be
evaluated with magnetic resonance imaging and/or
endoscopic ultrasound.

The majority of large studies have shown that
the risk of advanced duodenal adenomatosis (stage
IV) increases with age. Bulow et a/® found a 52%
cumulative risk at 70 years, which was similar to the
50% risk reported by Saurin et al'**! and the 20%-30%
risk found by studies conducted in Sweden and Fin-
|and[14,34,63,64] .

Therefore, endoscopic surveillance programs should
be performed according to the following published
recommendations (Table 2).

Endoscopic treatment

Ideally, treatment should include complete removal
or destruction of adenomas and minimal morbid risk.
Endoscopic management may be performed with
standard polipectomy and local ablation techniques
(thermal ablation, argon plasma coagulation or
photodynamic therapy)**>**!, Endoscopic therapy with
argon plasma coagulation and Nd-YAG lasers has been
attempted with varying results.

The plaque-like morphology of the majority of
duodenal adenomas may pose some technical diffi-
culties in performing endoscopic polipectomy, and
new techniques of mucosal elevation/resection and
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Table 2 Recommendations for surveillance and management

of duodenal polyposis in familial adenomatous polyposis

[11,12,28]

patients

Spigelman Suggested interval Conservative Surgical
stage (yr) to next therapy treatment
duodenoscopy
0 4 No No
(0 points) (maximum 5 yr)
I 3 No No
(1-4 points) (maximum 5 yr)
I 2-3 Chemoprevention No
(5-6 points) with or without
endoscopic
therapy
11 6-12 Chemoprevention  Acceptable
(7-8 points) (maximum 1-2 yr)  with or without
endoscopic
therapy'
v 6-12 Endoscopic Duodenectomy
(9-12 ponits)  (maximum 1-2 yr) therapy and with pancreas/
endoscopic pylorus
ultrasonography  preservation

!Consider endoscopy general anesthesia.

hemostasis using different tools may reduce the risks of
bleeding, pancreatitis and perforation. Another possible
advantage of endoscopic treatment is the postponement
of major operations such as duodenopancreatectomy.
Although polipectomy or polyp destruction in stage
II and stage III patients may be useful, long-term
results have demonstrated adenoma recurrence rates
of 50%-100%, and complications are not rare****,
Thus, endoscopy generally does not affect disease
course and follow-up remains necessary.

In this context, low-risk lesions (small, tubular, low-
grade adenomas) should be biopsied and observed.
Conversely, high-risk lesions (adenomas greater
than 1 cm and those with villous patterns or high-
grade dysplasia) may be treated via transduodenal
resection''!. Endoscopic or surgical ampullectomy
should be used on lesions that have developed in the
ampulla of Vater (mainly those with severe dysplasia,
Tis or T1), despite the associated morbidity™®..

Patients with large stage III polyps (or stage IV,
for which surgical treatment is not appropriate) may
be candidates for endoscopic polipectomy. The use of
general anesthesia may optimize therapeutic maneu-
vers by allowing the introduction of front and lateral
endoscopes to evaluate the papilla, and third and
fourth portions of duodenum. Such a strategy aims to
avoid progression to stage IV disease, as this results in
a greater risk (1 in 3 patients) of duodenal cancer®®,
The management of stage IV patients with desmoids
disease, unfavorable clinical conditions or diffuse
involvement of duodenal mucosa remains a significant
problem.

Surgical treatment
Surgical management includes local procedures (duo-
denotomy with polypectomy and/or ampullectomy),
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pancreas- and pylorus-sparing duodenectomies, and
pancreatico-duodenectomy (Whipple’s operation). The
specific choice of which procedure to use appears to be
related to technical expertise, local features (size and
site of polyp) and disease severity. In the final analysis,
the morbidity and mortality of these procedures must
be weighed against the risk of developing duodenal
adenocarcinoma.

Whereas radical resection is the obvious option
for patients with carcinomas, a prophylactic operation
(pancreas and pylorus sparing duodenectomy) to avoid
cancer is also justified in cases of severe adenomatosis
(Spigelman IV) or after a failed attempt at local resection
(endoscopic or surgical)®*®”), Even patients with stage
Il polyposis have been considered for surgery™ %%,
However, no randomized studies to help guide surgical
selection have been published thus far.

Duodenotomy with local resection may be indicated
in selected patients who present with one or two
dominant duodenal lesions and in whom endoscopic
resection would be considered dangerous. In a recent
review on this subject, Brosens et ai* indicated that this
approach might be useful for delaying major procedures
in young patients. Otherwise, high recurrence rates have
been reported after local surgical resection, similarly
to what occurs after endoscopic resection. Moreover,
patients who have previously undergone prophylactic
colectomy and present with desmoids tumors have
a significant risk of developing complications from
duodenectomy?’*",

Pancreatico-duodenectomy remains a last resort
for advanced duodenal and ampullary adenomatosis,
despite the risks of this complex procedure and the
possibility of inducing desmoid tumor formation®™®.

Pharmacological treatment

Chemoprevention is defined as the use of pharma-
ceutical drugs, natural agents or dietary supplements
to reduce the incidence or delay the onset of diseases,
including cancer’®. In FAP patients, the colorectum,
ileal pouch and duodenum represent the most clinically
relevant sites of carcinogenesis”". Consequently,
FAP patients constitute an ideal group for assessing
the efficacy of various chemopreventive strategies at
delaying polyp progression, postponing prophylactic
colectomy and preventing the recurrence of adenoma
following colectomy with IRA. These effects have also
been evaluated in the upper gastrointestinal tract,
particularly in the duodenum®?.

As prophylactic surgical resection of an ampulla
and/or duodenum may be accompanied by significant
morbidity, duodenal resection is currently reserved for
only severe cases of duodenal polyposis or duodenal
carcinoma. In this context, chemoprevention should
be the strategy employed to control premalignant
lesions”?, Secondary chemoprevention has been
attempted with the use of agents such as non-steroidal
anti-inflammatory drugs (NSAIDs)"*7%). The use of
the cyclooxygenase (COX) non-selective inhibitor
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sulindac and of the selective COX-2 inhibitors celecoxib
and rofecoxib may be beneficial when duodenal
polyposis develops by inducing polyposis regression or
stabilization.

Studies using sulindac have revealed the drug to
have a statistically significant effect on small (2 mm)
duodenal polyps, whereas larger (> 3 mm) polyps were
unaffected”®””), In a different study, the administration
of 300 mg/d of sulindac for 10 mo resulted in a 30%
discontinuation rate due to side effects and no regression
of polyps; furthermore, three patients developed large
polyps and one developed an infiltrating carcinoma while
on this drug”®.

In a large randomized trial, the use of celecoxib
resulted in a 14%-31% reduction in the regions of
the duodenum that were affected by adenomatosis
and therefore this drug may be recommended as
a therapeutic alternative to patients with moderate
adenomatosis™>”®!, However, the promising use of coxibs
in chemoprevention must be weighed against their
potential cardiovascular and renal side effects®®", In
addition to the fact that celecoxib may delay worsening
of polyposis, there have not been sufficient long-term
results or evidence from controlled studies on cancer
protection to routinely recommend these agents during
follow-upt****%,

In conclusion, although they may reduce the progres-
sion and even lead to regression of small adenomas,
the role of NSAIDs and other compounds in duodenal
polyposis regression remains unclear, and thus far
the results have primarily been ambiguous™. The
evidence must prove to be reproducible, and potential
cardiovascular and renal side effects, in addition to the
risk of gastrointestinal bleeding, must be taken into
account™. Moreover, duodenal adenomas are less likely
to degenerate compared to colonic polyps, and they
also appear to be less responsive to chemoprevention
with NSAIDs!'*%,

To date, no medical therapy has demonstrated long-
term effectiveness and safety in the management of
duodenal adenomatosis. There has been a single report
indicating an apparent disappearance of duodenal
polyposis in a patient who was treated with FOLFOX
chemotherapy for an ileal pouch adenocarcinoma™®,

As dietary chemoprevention has shown no effective
results, a new line of interventions focus on the role of
the estrogen receptor (ER) in reducing polyp numbers
and sizes, based on the supposed preventive effects of
CRC. In an interesting study, Calabrese et al*" evaluated
whether dietary supplementation with phytoestrogens,
which are selective agonists of the estrogen receptor,
was able to prevent the progression of duodenal
polyps. They demonstrated that short-term (90 d)
supplementation with Eviendep® in FAP patients with
recurrent adenomas in the duodenal mucosa resulted in
a 32% reduction of polyp numbers and 51% reduction
in polyp size.

This study clearly demonstrates that researches with
FAP patients will always have a lead role in the testing
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of new agents, favoring their own interests and those
of non-familial adenomas, a problem with even greater
social impact. For the next future, the role of NSAIDs
in chemoprevention has gained renewed interest in
sporadic adenoma prevention, although the long-term
risks associated with its use have always been a source
of concern!®%°,

As chemoprevention may eventually avoid surgical
resection of at-risk duodenal adenomas, it would desir-
able to identify patients important to select advanced
adenomas that would be candidates. In an interes-
ting research, it was reported that mRNA levels of
glutathione S-transferase Al (28.16% vs 38.24%, P =
0.008) and caspase-3 (3.30% vs 5.31%, P = 0.001)
were significantly lower in patients with FAP vs non-
FAP patient controls, respectively®”. This finding points
at a lower capacity to detoxify toxins and carcinogens,
with subsequent increased susceptibility for malignant
degeneration®®. Previous studies have already found
lower GDT enzyme activity in colonic mucosa but no
differences in duodenal mucosa when compared to
patient controls®®, Other eventual risk factors include
the development of small intestinal adenomas and
location of APC mutation®®*,

All of these findings indicate that routine gastroduo-
denal endoscopy in FAP patients is necessary®*®. In
this setting of surveillance, both endoscopy and EUS are
extremely important to select advanced adenomas that
are candidates for endoscopic intervention instead of
surgical resection®®”*®l, Moreover, although these lesions
progress in severity (size and degree of dysplasia), their
progression rate to carcinoma is slow®**,
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