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The malignant potential and familial association of polyps in the intestine have been
recognized since the 19th century. There has been a huge amount of subsequent work
classifying polyps, identifying polyposis syndromes, and establishing surveillance
programs for cancer prevention. Advances in imaging and endoscopy have led to the
accurate diagnosis and identification of malignant invasion, and therapeutic
colonoscopy has completely transformed management. This has had the effect of
reducing the need for conventional surgery which still, however, has a vital role in
well-defined circumstances. Technical advances such as laparoscopy, transanal endo-
scopic microsurgery, and endoscopic mucosal resection have, in important instances,
reduced the need for conventional open surgery. All these developments have been
paralleled by greater genetic understanding, resulting in a degree of refinement of the
assessment of cancer risk, particularly in polyposis syndromes.

Intestinal Polyps and Polyposis, includes an all-embracing account of this impor-
tant group of diseases. It deals thoroughly with aspects ranging from genetics and
pathology, through diagnosis and treatment, to follow-up and surveillance. It consol-
idates present knowledge but also looks to the future. Each of the 23 chapters deals
with a specific topic. There is useful information on quality of life, psychological
aspects, and the role of patient associations towards the end of the book. Surgical and
endoscopic techniques are fully covered by chapters which contain much wisdom and
many points of practical importance. Unusual situations such as residual polyps and
uncommon polyposis variants receive full attention. Advice on establishing a surveil-
lance service will be very useful to doctors, nurses, and other healthcare profes-
sionals, which will lead to real benefit to patients.

London, October 2008 John Nicholls MA (Cantab), M Chir (Cantab),
hon FRCP (Lond), FRCS (Eng), hon FRCSE,

hon FRCS (Glasg), hon fellow ASCRS,
EBSQ (Coloproctology)

Emeritus Consultant Surgeon
St Mark’s Hospital London

Visiting Professor Imperial College London
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S. Tardivo (�)
Department of Public Health and Medicine, Division of
Hygiene and Preventive Environmental and Occupational
Medicine, University of Verona, Verona, Italy

Abstract Colorectal cancer (CRC), the third most prevalent cancer worldwide,
imposes a significant economic and humanitarian burden on patients and society.
Nearly 10% of all cancer incidence worldwide is CRC, and it is the only major malig-
nancy with a similar prevalence in men and women. Since CRC is generally a disease
of the elderly, its economic burden is expected to grow in the near future, mainly due
to population aging. Ample evidence shows that screening for CRC with any of
several available strategies significantly decreases CRC mortality by allowing detec-
tion at an early stage, and even prevention by removal of possible precursors like
adenomas. Changing trends in incidence rates, stage, mortality, and change from left-
sided to right-sided CRC have been seen in the last two decades. However, many
people who would benefit from CRC screening do not receive it. Future interventions
should focus on reducing modifiable barriers, making follow-up testing more
convenient and accessible, and increasing understanding of the benefit of screening
and follow-up.

Keywords Bowel cancer screening • Burden of disease • Colorectal cancer epidemio-
logy • Colonoscopy • Computed tomography colonography • Double-contrast barium
enema • Fecal occult blood testing • Flexible sigmoidoscopy • Guidelines for
screening • Screening test • Stool DNA test

The Impact of Bowel Cancer
Screening

Are We Going to Observe a Different Disease?

Stefano Tardivo, Silvia Biasin, William Mantovani and
Albino Poli

1

1.1 Epidemiology

Colorectal cancer (CRC) is the second most common
cancer and the second leading cause of death from
cancer in developed countries. In terms of global inci-
dence there are 1.02 million new cases of cancer per
year, and the number of deaths per year includes about

half of all new cases (529,000) [1] (Table 1.1). Nearly
10% of all cancer worldwide is CRC, and it is the only
major malignancy with a similar prevalence in men
and women [2]. The American Cancer Society esti-
mates that in the United States, 148,810 subjects will
be diagnosed with CRC and 49,960 will die from this
disease in 2008 [3]. In Europe, about 376,000 new
cases are diagnosed each year, accounting for 13% of
all malignant tumors in adults (Table 1.2), and it repre-
sents 11.9% of all cancer deaths (Table 1.3) [4].

In Italy in 2003 there were 38,643 new cases of
CRC, and in 2002 there were 29,734 deaths [5].

G.G. Delaini, T. Skřička, G. Colucci (eds.), Intestinal Polyps and Polyposis, 1
© Springer-Verlag Italia 2009
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The overall incidence of CRC has been declining in
the United States over the past two decades, (from 66.3
cases per 100,000 population in 1985 to 48.2 in 2004)
[3]. The decline has been more steep in the most recent
period (2.3% per year from 1998 to 2004), partly due
to an increase in screening which can result in the
detection and removal of colorectal polyps before they
progress to cancer. Mortality rates have also declined
in the same period, due to declining incidence rates
and improvements in early detection and treatment.
(Figs. 1.1, 1.2) [2,3,6]. In Europe the same trend has
been observed: from 1997 to 2002 appreciable
declines were registered in mortality in both men
(–1.6% per year to reach 18.8/100,000) and women
(–2.5%). In contrast, in low-risk CRC countries, the
incidence and mortality have recently been increasing.
In Japan, for example, the number of new cases of
CRC among men and women has been predicted to
increase 9.5 and 7.5 times by 2005, and 12.3 and 10.5
times by 2020, respectively, from the 1975 baseline

[7,8]. The incidence of CRC in Japan is rising dramat-
ically, probably due to Western influence particularly
in diet. There is a direct correlation between CRC and
diets that are high in red meat, animal fats, and
alcohol, and low in fibre, with sedentary lifestyle and
excess body weight. Many studies reveal that in
groups of migrants from low-risk to high-risk coun-
tries, the incidence of CRC tends to increase to the
rates of the host country within the first or the second
generation, or sometimes within the migrating genera-
tion itself [9,10].

The exact causes of CRC are unknown, but several
factors have been linked to increased risk of CRC: age
above 50 years, personal history of CRC, colorectal
polyps or inflammatory bowel disease (ulcerative
colitis and Crohn’s disease), family history of CRC,
race, familial adenomatous polyposis (FAP) and hered-
itary non-polyposis colon cancer (Lynch syndrome),
sedentary lifestyle, and, as previously mentioned, a diet
that is high in fat and low in fibre [11].

Table 1.2 Estimates of numbers of incident cases of cancer in Europe, both sexes combined (2004) (in thousands). Reproduced
from [4], with permission from Oxford University Press

Site Cases %

All sites except non-melanoma skin 2886.8 100.0
Lung 381.5 13.2
Colon and rectum 376.4 13.0
Breast 370.1 12.8
Prostate 237.8 8.2
Stomach 171.0 5.9
Uterus 133.8 4.6
Lymphomas 121.2 4.2
Oral cavity and pharynx 97.8 3.4
Leukaemia 75.6 2.6
Larynx 46.1 1.6
Oesophagus 43.7 1.5

Table 1.3 Estimates of numbers of cancer deaths in Europe, both sexes combined (2004) (in thousands). Reproduced from [4],
with permission from Oxford University Press

Site Death %

All sites except non-melanoma skin 1711.0 100.0
Lung 341.8 20.0
Colon and rectum 203.7 11.9
Stomach 137.9 8.1
Breast 129.9 7.6
Prostate 85.2 5.0
Lymphomas 65.2 3.8
Leukaemia 52.6 3.1
Uterus 49.3 2.9
Oral cavity and pharynx 40.1 2.3
Oesophagus 39.5 2.3
Larynx 24.5 1.4
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Table 1.4 shows that for both men and women, the
incidence of CRC begins to rise around the age of 40
years [3]. Incidence sharply increase at age 50 years:
92% of CRCs are diagnosed in persons aged 50 years
or older. People in their 80s continue to be at risk for
CRC, with 12.5% of cases diagnosed after the age of
85 years [12]. Due to the aging population and popula-
tion growth, the expected number of CRC diagnoses
will increase in forthcoming years. Thus, prevention
and early detection have immense public health impor-
tance.

Another important CRC risk factor is a family
history of the disease. First-degree relatives of patients
with CRC have a two- to threefold increased risk of
developing the disease compared with the general
population. Risk also depends on the age at which the
neoplasm is detected, the number of relatives affected,
and the degree of kinship [13]. Familial clustering of

sporadic CRC is well recognized. Depending on the
number of affected first-degree relatives, the relative
risk of CRC varies from 1.85 for one relative, to 8.52
for at least three affected relatives; taking age into
account, the risk varies from 2.18 for relatives aged 50
years and older, to 3.55 for affected relatives who are
younger than 50 years [14].

High-risk groups with genetic syndromes such as
FAP, hereditary non-polyposis colorectal cancer
(HNPCC) or Lynch syndrome, and the hamartomatous
polyposis syndromes only amount to a small propor-
tion of the many cancers. Lynch syndrome is the most
common form of hereditary colorectal cancer,
accounting for approximately 1–6 % of all colorectal
malignancies. This disorder is characterized by early
onset of colorectal cancer and other adenocarcinomas,
including endometrial, ovarian, gastric, and urinary
tract cancers, as a result of defects in the mismatch

Fig. 1.1 Age-adjusted cancer death rates,* females by site, US, 1930–2004. Reproduced from [3], with permission from Wolters
Kluwer Health

* Per 100,000, age-adjusted to the 2000 US standard population. † Uterus cancer death rates are for uterine cervix and uterine corpus combined.
Notes: Due to changes in ICD coding, numerator information had changed over time. Rates for cancer of the lung and bronchus, colon and
sectum, and ovary are affected by these coding changes.

Sources: US Mortality Data 1960 to 2004, US Mortality Volumes 1930 to 1959, National Center for Heath Statistics, Centers for Disease Control
and Prevention, 2006.

American Cancer Society, Survellance Research, 2008
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repair genes. Individuals have an 80% lifetime risk of
colorectal cancer. In FAP, mutation in the adenoma-
tous polyposis coli (APC) tumor suppressor gene gives
rise to hundreds or thousands of colorectal polyps,
some of which will inevitably progress to cancer. FAP
affects 1 in 8,000–10,000 individuals, and accounts for
<1 % of all colorectal cancers. The hamartomatous
polyposis syndromes are uncommon but distinctive
disorders in which multiple hamartomatous polyps
develop at a young age. Although these polyps were
previously considered non-neoplastic, a predisposition
for intestinal malignancies is now recognized [15–17].

Incidence and mortality vary greatly by race and
ethnicity; for example, the age-adjusted death rate of
CRC from 2000 to 2003 was 27.3 per 100,000
African-Americans, and 19.3 per 100,000 for
Caucasians in the SEER (Surveillance Epidemiology
and End Results) Study areas, while the relative 5-year

survival rate was 54.7% for African-Americans and
65.1% for Caucasians in the same study population
[18]. Several studies have indicated that the increased
mortality in African-Americans with colon cancer can
be attributed in part to a more aggressive tumor and to
a more advanced stage at diagnosis, and in part to
differences in treatment, screening, and postdiagnosis
surveillance. Poor socio-economic status and low
educational level are associated with poorer health
outcomes and increased mortality. Identifying groups
at high risk of death from cancer by educational level
as well as by race may be useful in targeting interven-
tions and tracking cancer disparities [19–21].

Approximately 70–90% of CRCs arise from adeno-
matous polyps. About 30% of all polyps are hyper-
plastic with no malignant potential. Others are adeno-
matous and are considered premalignant. Adenoma-
tous polyps are very common in adults over the age of

Fig. 1.2 Age-adjusted cancer death rates,* males by site, US, 1930–2004. Reproduced from [3], with permission from Wolters
Kluwer Health

* Per 100,000, age-adjusted to the 2000 US standard population.
Notes: Due to changes in ICD coding, numerator information hat changed over time. Rates for cancer of the liver, lung and bronchus, and colon
and rectum are affected by these coding changes.

Sources: US Mortality Data 1960 to 2004, US Mortality Volumes 1930 to 1959, National Center for Heath Statistics, Centers for Disease Control
and Prevention, 2006.

American Cancer Society, Survellance Research, 2008
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50 years, but the majority will not develop into adeno-
carcinoma. Histology and size determine their clinical
importance. The characteristics of high-risk polyps
are: larger than 1 cm, villous lesion or high-grade
dysplasia on histological examination, three or more in
number. Polyps larger than 2 cm in diameter have a
50% chance of becoming malignant, about 10% if they
are 1–2 cm in diameter, and only 1% if they are
smaller than 1 cm in diameter. CRC arises as genetic
alterations that cause abnormal cellular proliferation,
resulting in progression from normal colonic mucosa
to adenoma, or adenomatous polyp to adenocarci-
noma. This progression can be induced by a series of
mutations involving oncogenes and tumor suppressor
genes. The sequence of molecular events is not linear
but rather a collection of events that occur over time
[22]. When the transformation occurs (2.5/1000

adenomas/year), the progression from adenoma to
cancer usually takes several years (5–10 years), and
detection and removal of adenomas during this prema-
lignant phase markedly decreases the incidence of
colorectal cancer [23]. Recent studies show that a first-
degree relative with large adenomas increases an indi-
vidual risk for colorectal cancer. This risk is more
pronounced if the affected family member is younger
than 60 years at the time of polyp detection [14].

1.2 Screening

The primary purpose of screening for cancer is to
reduce mortality from the disease screened for.
Screening also has effects other than those on survival,
notably on economic cost and quality of life.

Table 1.4 Probability of developing invasive cancers over selected age intervals by sex, US, 2002–2004*. Reproduced from [3],
with permission from Wolters Kluwer Health

Birth to 39 (%) 40 to 59(%) 60 to 69(%) 70 and Older (%) Birth to Death (%)

All sites† Male 1.42 (1 in 70) 8.58 (1 in 12) 16.25 (1 in 6) 38.96 (1 in 3) 44.94 (1 in 2)
Female 2.04 (1 in 49) 8.97 (1 in 11) 10.36 (1 in 10) 26.31 (1 in 4) 37.52 (1 in 3)

Urinay Male 0.02 (1 in 4,477) 0.41 (1 in 244) 0.96 (1 in 104) 3.50 (1 in 29) 3.70 (1 in 27)
bladder‡ Female 0.01 (1 in 9,462) 0.13 (1 in 790) 0.26 (1 in 384) 0.99 (1 in 101) 1.17 (1 in 85)

Breast Female 0.48 (1 in 210) 3.86 (1 in 26) 3.51 (1 in 28) 6.95 (1 in 15) 12.28 (1 in 8)

Colon & Male 0.08 (1 in 1,329) 0.92 (1 in 109) 1.60 (1 in 63) 4.78 (1 in 21) 5.65 (1 in 18)
rectum Female 0.07 (1 in 1,394) 0.72 (1 in 138) 1.12 (1 in 89) 4.30 (1 in 23) 5.23 (1 in 19)

Leukemia Male 0.16 (1 in 624) 0.21 (1 in 468) 0.35 (1 in 288) 1.18 (1 in 85) 1.50 (1 in 67)
Female 0.12 (1 in 837) 0.14 (1 in 705) 0.20 (1 in 496) 0.76 (1 in 131) 1.06 (1 in 95)

Lung & Male 0.03 (1 in 3,357) 1.03 (1 in 97) 2.52 (1 in 40) 6.74 (1 in 15) 7.91 (1 in 13)
bronchus Female 0.03 (1 in 2,964) 0.82 (1 in 121) 1.81 (1 in 55) 4.61 (1 in 22) 6.18 (1 in 16)

Melanoma Male 0.15 (1 in 656) 0.61 (1 in 164) 0.66 (1 in 151) 1.56 (1 in 64) 2.42 (1 in 41)
of the skin Female 0.26 (1 in 389) 0.50 (1 in 200) 0.34 (1 in 297) 0.71 (1 in 140) 1.63 (1 in 61)

Non-Hodgkin Male 0.13 (1 in 760) 0.45 (1 in 222) 0.57 (1 in 174) 1.61 (1 in 62) 2.19 (1 in 46)
lymphoma Female 0.08 (1 in 1,212) 0.32 (1 in 312) 0.45 (1 in 221) 1.33 (1 in 75) 1.87 (1 in 53)

Prostate Male 0.01 (1 in 10,553) 2.54 (1 in 39) 6.83 (1 in 15) 13.36 (1 in 7) 16.72 (1 in 6)

Uterine cervix Female 0.16 (1 in 638) 0.28 (1 in 359) 0.13 (1 in 750) 0.19 (1 in 523) 0.70 (1 in 142)

Uterine corpus Female 0.06 (1 in 1,569) 0.71 (1 in 142) 0.79 (1 in 126) 1.23 (1 in 81) 2.45 (1 in 41)
* For people free of cancer at beginning of age interval. †All sites exclusive basal and squamous cell skin cancers and in situ
cancers except urinary bladder.
‡ Includes invasive and in situ cancer cases.
Source: DevCan: Probability of Developing or Dying of Cancer Software, Version 6.2.1. Statistical Research and Applications
Branch, National Cancer Institute, 2007. www.srab.cancer.gov/devcan
American Cancer Society, Surveillance Research, 2008
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Screening is a public health service in which members
of a defined population, who do not necessarily
perceive they are at risk of, or are already affected by,
a disease or its complications, are asked a question or
offered a test, to identify those individuals who are
more likely to be helped than harmed by further tests
or treatment to reduce the risk of a disease or its
complications [24]. The National screening
Committee criteria for appraising the viability, effec-
tiveness, and appropriateness of a screening program
are based on the criteria developed by Wilson in 1968
[25], and address the condition, the test, the treatment
and the screening program:
1. the disease should be an important public health

problem, as measured by incidence, mortality, and
other measures of disease burden

2. the disease should have a detectable preclinical
phase

3. treatment of disease detected before the onset of
clinical symptoms should offer benefits compared
with treatment after the onset of symptoms

4. the screening test should meet acceptable levels of
accuracy and cost

6. the screening test and follow-up requirements
should be acceptable to individuals at risk, and to
their healthcare providers

7. treatment or intervention that improves survival or
quality of life (compared with no screening) should
be available for patients with recognized disease

8. adequate staffing and facilities for recruitment,
testing, diagnosis, and follow-up, treatment and
program management should be available.
The resources allocated to the screening program

(including testing, diagnosis, and treatment of diag-
nosed patients) should be economically balanced in
relation to other healthcare priorities.

CRC fulfils most of the criteria for applying
screening: the natural history is well known compared
with many other cancers, and it may be cured by detec-
tion at an early stage, and even prevented by removal
of possible precursors such as adenomas [26]. CRC
survival is closely related to the clinical and patholog-
ical stage at diagnosis. High-quality evidence shows
that survival is improved when CRC is treated at early
stages. The 5-year survival rate is 90% when cancer is
limited to the bowel wall, 68% when lymph nodes are
involved, and only 10% if metastasis has occurred by
the time of diagnosis (Table 1.5) [3]. CRC detected
before lymph node involvement can often be effec-
tively treated without radiation or chemotherapy. Early
detection of colorectal neoplasm improves patient
outcomes not only by reducing disease-associated

Table 1.5 Five-year relative survival rates*, by stage at diagnosis, 1996–2003. Reproduced from [3], with permission from
Wolters Kluwer Health

All stages Local Regional Distant All stages Local Regional Distant
Site % % % % Site % % % %

Breast (female) 88.6 98.0 83.5 26.7 Ovary§ 44.9 92.4 71.4 29.8
Colon & rectum 64.0 89.8 67.7 10.3 Pancreas 5.0 20.3 8.0 1.7
Esophagus 15.6 33.7 16.9 2.9 Prostate

¶
98.4 100.0 – 31.9

Kidney† 65.5 89.6 60.8 9.5 Stomach 24.3 61.1 23.7 3.4
Larynx 62.9 81.1 50.0 23.9 Testis 95.4 99.3 95.8 70.0
Liver‡ 10.8 22.3 7.3 2.8 Thyroid 96.7 99.7 96.9 56.0
Lung & bronchus 15.0 49.1 15.2 3.0 Urinary bladder 79.5 92.1 44.6 6.4
Melanoma of the skin 91.1 98.5 65.2 15.3 Uterine cervix 71.6 92.0 55.7 16.5
Oral cavity & pharynx 59.1 81.8 52.1 26.5 Uterine corpus 82.9 95.3 67.4 23.1

*Rates are adjusted for normal life expectancy and are based on cases diagnosed in the SEER 17 areas from 1996-2003, followed
through 2004. †Includes renal pelvis. ‡Includes intrahepatic bile duct. § Recent changes in classification of ovarian cancer,
specifically excluding borderline tumors, has affected survival rates.

¶
The rate for local stage represents local and regional stages

combined. Local: an invasive malignant cancer confined entirely to the organ of origin. Regional: a malignant cancer that 1) has
extended beyond the limits of the organ of origin directly into surrounding organs or tissues; 2) involves regional lymph nodes
by way of the lymphatic system; or 3) has both regional extension and involvement of regional lymph nodes. Distant: a
malignant cancer that has spread to parts of the boody remote from the primary tumor either by direct extension or by
discontinuous metastasis to distant organs, tissues, or via the lymphatic system to distant lymph nodes.

Source: Ries LAG, Melbert D, Krapcho M, et al. (eds) SEER Cancer Statistics Review, 1975-2004, National Institute, Bethesda,
MD, www.seer.cancer.gov/cst/1975_2004/, 2007.
American Cancer Society, Surveillance Research, 2008
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morbidity and mortality, but also by preventing cancer
occurrence by removal of precancerous polyps. The
rationale for screening is comprehensible, and many
clinical trials have been performed and are ongoing to
detect adenomas and CRC in a favorable stage, but the
ideal instrument for that purpose has not been yet iden-
tified: unlike other types of cancer, there are several
options for screening for CRC. The population can
also be divided into three risk groups for developing
CRC: average risk, increased risk, and high risk.
Different screening strategies are recommended for
different each of these three groups.

1.3 Screening Tests

Screening tests for CRC falls into two categories. In
one category are the fecal tests: fecal occult blood test
(FOBT) – with a guaiac-based test (gFOBT) or with a
fecal immunochemical test (FIT), and stool DNA test
(sDNA), which are tests that are primarily effective at
identifying CRC. Some premalignant adenomatous
polyps may be detected, providing an opportunity for
polypectomy and the prevention of CRC, but the
opportunity for prevention is both limited and inci-
dental, and is not the primary goal of CRC screening
with these tests. In the second category are the partial
or full structural examinations: flexible sigmoidoscopy
(FSIG), colonoscopy, double-contrast barium enema
(DCBE), and computed tomography colonography
(CTC). These are tests that are effective at detecting
cancer and premalignant adenomatous polyps, differ
in complexity and accuracy for the detection of CRC,
require bowel preparation and an office or hospital
visit, and have various level of risk to patients. Signif-
icant positive findings on FSIG, DCBE, CTC but also
on the fecal tests require follow-up colonoscopy [27].

1.3.1 Fecal Occult Blood Test

As already mentioned, FOBTs fall into two primary
categories based on the detected analyte: gFOBTs and
FITs.

gFOBTs are the most common stool blood tests in
use for CRC screening and the only screening tests for
which there is evidence of efficacy from prospective,
randomized controlled trials (RCTs). These tests are
based on peroxidase activity in all hemoglobin, heme

and myoglobin, and non-heme peroxidases. The usual
home-test kit requires collection of two samples from
each of three consecutive bowel movements. Avoid-
ance of red meat, poultry, fish, some raw vegetables,
vitamin C, aspirin, and other non-steroidal anti-inflam-
matory drugs before and during the test is required
because diet test interaction with these agents can
increase the risk of false-positive and false-negative
results. Moreover, dietary restriction may make
compliance and follow-up poor.

Screening average-risk individuals over the age of
50 years with annual or biennial gFOBT has been
shown in four randomized trials to reduce colorectal
cancer incidence and mortality rates by between 15%
and 33%. Moreover, it has been demonstrated that
screened patients have cancer detected at an early and
more curable stage than unscreened patients, and that
annual screening results in a greater reduction in
mortality rate than biennial screening [28].

A large long-duration trial in the United States
(Minnesota) randomly assigned 46,551 volunteers
aged 50–80 years to 5 years of screening with either
annual gFOBT, biennial gFOBT, or usual care. The
cumulative 18-year CRC mortality was 33% lower in
the annual group than in the control group (risk ratio
(RR) 0.67, 95% confidence interval (CI) 0.51–0.83),
whereas the biennial group had a 21% lower colorectal
cancer mortality rate than the control group (RR 0.79,
95% CI 0.62–0.97) [29,30] (Table 1.6).

A Danish trial (Funen) randomly assigned 61,933
people aged 45–75 years to usual care or screening
with an initial annual followed by biennial gFOBT. At
13 years, for seven rounds of screening, the CRC
mortality was 18% lower in those screened than
among controls (RR 0.82, 95% CI 0.69–0.97) [31].
After nine screening rounds, at 17 years of follow-up,
mortality was 16% lower for annual screening versus
controls (RR 0.84, 95% CI 0.73–0.96) and 11% lower
for biennial screening versus controls, including deaths
attributed to complications from treatment (RR 0.89,
95% CI 0.78–1.01) [30,32] (Table 1.6).

A population-based trial in the United Kingdom
(Nottingham) randomly assigned 152,850 people aged
45–74 years to either control or biennial gFOBT. It
reported a 13% reduction in CRC mortality for bien-
nial screening after 11 years of follow-up (RR 0.87,
95% CI 0.78–0.97) [30,33] (Table 1.6).

A population-based trial in Sweden (Göteborg)
randomly assigned 68,308 people aged 60–64 years to
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control or two rounds of gFOBT screening at baseline
and then at 16–24 months. Mortality data have not been
published, but were made available for a meta-analysis
of the four gFOBT trials, which showed a 16% reduc-
tion in CRC death (RR 0.84, 95% CI 0.78–0.90); when
adjusted for screening attendance in the individual
studies, there was a 23% reduction in CRC mortality
[34]. A recent Cochrane systematic review includes
seven new publications and unpublished data
concerning CRC screening using FOBT, and confirms
previous research demonstrating that FOBT screening
reduces the risk of CRC mortality (16% RR for CRC
mortality and 25% when adjusted for screening atten-
dance). The results also indicate that there is no differ-
ence in all-cause mortality between the screened and
non-screened population [30] (Table 1.6).

The sensitivity and specificity of a gFOBT varies,
based on the brand or variant of the test, specimen-
collection technique, number of samples collected,
whether or not the stool specimen is rehydrated, and
variation in interpretation, screening interval, and
other factors. The sensitivity of the Hemoccult test
used in the four RCTs, defined as the proportion of all
CRCs detected during screening, varied from 55% to
57% for the non-rehydrated slides, and from 82% to
92% for the rehydrated slides (Table 1.7) [30]. Sensi-
tivity for CRC is relatively low at 30–50%, and even

lower for adenomas <20% [35]; if we consider that the
test is used as part of an annual screening program,
sensitivity achieved 90% (Table 1.8) [28]. The
majority of trials reported that the positive predictive
value (PPV) of Hemoccult for CRC was fairly low,
suggesting that over 80% of all positive tests were
false-positives. Investigations of these false-positive
participants may have resulted in some negative
psychosocial consequences and a small chance of
significant adverse consequences from the diagnostic
tests [30].

FITs are immunochemically based tests that use a
reaction to human globin. A change of diet before and
during the test is not necessary, and sampling is less
demanding. The spectrum of benefits, limitations, and
harms is similar to a gFOBT with high sensitivity.
Recent studies show that sensitivity and specificity of
FITs tends to be higher for all distant and advanced
neoplasia, but the sensitive gFOBT shows superior
performance for advanced adenomas.

Annual screening with FOBT (both FIT and
gFOBT) have been shown to detect a majority of
prevalent CRC in an asymptomatic population, and the
tests are an acceptable option for colorectal screening
in average-risk adults aged 50 years and older. Any
positive test should be followed up with colonoscopy
(Table 1.9) [27].

Table 1.6 Number of CRC deaths, mortality, incidence ratio and mortality reduction for the included trials. Reproduced from
[30], with permission from Blackwell Publishing

No. of CRC deaths Incidence ratio Mortality
Study Screening group Control group Screening group (py) Control group (py) reduction (%)

Funen 363/30,967 431/30,966 0.84/1,000 1.00/1,000 16
Gotebord 252/34,144 300/34,146 NR NR 16
Minnesota (A) 121/15,570 177/15,394 0.67/1,000 1.00/1,000 33
Minnesota (B) 148/15,5887 (as above) 0.79/1,000 (as above) 21
Nottingham 684/76,466 684/76,384 0.70/1,000 0.81/1,000 13

A, annual screening; B, biennal screening; NR, not reported; py, persons years

Table 1.7 Rehydratation of slides, positivity rates, sensitivity, and positive predictive value (PPV) for CRC and adenomas. Repro-
duced from [30], with permission from Blackwell Publishing

Study Rehydration Positivity Rate (%) Sensitivity (%) PPV (CRC) (%) PPV (Adenoma) (%)

Funen No 0.8–3.8 55.0 5.2–18.7 14.6–38.3
Goteborg Yes 1.7–14.3 82.0 NR NR

No 1.9 NR NR NR
Minnesota Yes 3.9–15.4 92.2 0.9–6.1 6.0–11.0

No 1.4–5.3 80.8 5.6 NR
Nottingham No 1.2–2.7 57.2 9.9–17.1 42.8–54.5

NR, not reported
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1.3.2 Stool DNA Test

This new method of CRC screening is based on the
presence of known DNA alteration in the
adenoma–carcinoma sequence, and on a continuous
shedding of cells that contain altered DNA into the
bowel lumen and consequently in the feces. More gene
mutations are present in cells of adenomas or CRCs, so

a multitarget DNA stool assay is required to achieve
adequate sensitivity. Only a single stool collection is
required, because shedding of cells is not intermittent
and non-specific like occult bleeding. Several studies
have been published on sDNA: sensitivity for CRC in
these studies ranged from 52% to 91%, with speci-
ficity ranging from 93% to 97% [27]. Imperiale et al
highlighted better sensitivity compared to Hemoccult
II for CRC, high-grade dysplasia, and all advanced
adenomas [36]. There are, however, insufficient data
at present to include sDNA as an acceptable option for
CRC screening; moreover, these methods are expen-
sive and labour intensive [26].

1.3.3 Flexible Sigmoidoscopy

FSIG is an endoscopic procedure that examines the
lower half of the colon lumen and rectum, where 70%
of CRCs and adenomas are located. It carries a small
risk of perforation but sedation is not required and it
can be performed with a more-simple bowel prepara-
tion than is required for standard colonoscopy. The use

Table 1.8 Operating characteristics for colorectal cancer screening tests*. Reproduced from [28], with permission

Test Sensitivity, % Specificity, % Notes

Fecal occult ∼50 >90 The 50% sensitivity figure is for a 1-time test, but the
blood test test is 90% sensitive when used as part of an annual

screening  program

Flexible 88–98 for 92–94 for Only evaluates distal colon and rectum, should not be
sigmoidoscopy large, distal large, distal used alone to evaluate symptoms or signs, especially
with biopsy adenomas adenomas and if a patient is over age 40

or cancer 92–96 for
distal cancers

Colonoscopy 90–97 >98 Preferred evaluation for positive screening tests and
with biopsy suggestive symptoms or signs, colonoscopy is considered

the “gold standard” for both screening and evaluation of
the colon

Double-contrast ∼80 ∼80 Can be used if colonoscopy is not available or
barium enema contraindicated

Virtual lesion 90 Awaits further study before clinical application can be
colonoscopy ≤5 mm; 4 generally recommended
(CT colonography)

lesion
6–9 mm: 33

lesion
10 mm: 82

CT, computed tomography

Table 1.9 Testing options for early detection of colorectal
cancer and adenomatous polyps for asymptomatic adults aged
50 years and older. Reproduced from [27], with permission from
Elsevier

Tests that detect adenomatous polyps and cancer
FSIG every 5 years, or
CSPY every 10 years, or
DCBE every 5 years, or
CTC every 5 years

Tests that primarily detect cancer
Annual gFOBT with high test sensitivity for cancer, or
Annual FIT with high test sensitivity for cancer, or
sDNA, with high sensitivity for cancer, interval uncertain

FSIG, flexible sigmoidoscopy; CSPY, colonoscopy;
DCBE, double-contrast barium enema; CTC, computed
tomograhy colonography
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of FSIG for CRC screening is supported from case-
control and cohort studies. It is associated with a
60–80% reduction in CRC mortality for the area of the
colon within its reach, and this protective effect
appears to persist for ten years or more [37]. More-
definitive data are awaited from ongoing trials. Addi-
tional evidence supporting FSIG derives from
colonoscopy studies: it is 60–70% sensitive for
advanced adenomas and CRC, compared with colono-
copy [38]. Differences in the distal and proximal
lesions based on age, gender, and ethnicity (proximal
CRCs are more common after age 65 years, in women
than in men and in African-Americans than Whites),
and the benefits and limitations of CRC screening with
FSIG among these different groups remain important
areas of continued investigation [27]. FSIG can be
performed alone or in combination with FOBT; in this
second option more CRCs can be detected, and
mortality rates can be reduced more than by using
either modality alone. In one study, FOBT detected
23.9% of patients with advanced neoplasia, FSIG
detected 70.3%, and the tests combined detected
75.8% [39].

It is recommended that FSIG is performed for
screening of an average population every 5 years. It
can be performed alone or in combination with annual
FOBT. Positive tests findings will need to be followed
by colonoscopy (Table 1.9) [27].

1.3.4 Colonoscopy

Colonoscopy permits visual examination of the entire
colon and rectum and removal of lesion at the same
time as screening, rather than requiring referral for a
second test. In addition to polypectomy, it allows
biopsy of other lesions to be performed, as well as
other procedures, such as cauterization of a bleeding
lesion, dilatation of strictures, or injection of dye, to
localize a tumor for subsequent surgical removal.
Numerous studies have shown increased detection of
adenomas and CRCs with colonoscopy compared with
FOBT or FSIG, but no RCTs have been published.
The National Polyp Study and other cohort studies
suggest that colonoscopy with polypectomy reduces
the incidence of CRCs by 76–90% [40,41]. Because
colonoscopy is commonly used as the criterion stan-
dard examination, it is difficult to calculate its sensi-
tivity. Rex and colleagues found single test sensitivity

to be 90% for large adenomas and 75% for small
adenomas (<1 cm); sensitivity for cancer probably
exceeds 90% [42]. The specificity of colonoscopy with
biopsy is generally reported to be 99% or 100%, but
this assumes that all detected adenomas represent true
positive results. Most detected adenomas, especially
small ones, will never develop into cancer; if detec-
tion of an adenoma like this is considered a false-posi-
tive result that subjects a patient to risk without
benefit, then the actual specificity of colonoscopy
would be much lower [43].

Colonoscopy has several limitations: a colono-
scopic preparation is required, sedation may be neces-
sary, and although the risks of colonoscopy and
polypectomy are small, the procedure may result in
bleeding, perforation, and other complications. Risk of
perforation with colonoscopy is 1/1000 compared with
0.02/1000 for FSIG [35]. A recent prospective study of
502 asymptomatic patients who had a colonoscopy for
screening, surveillance, or follow-up of another posi-
tive screening test, found that although 34% reported
mild complications (bloating and pain), only six
patients (0.01%) had unexpected hospitalizations or
emergency department visits within 30 days following
colonoscopy, and 94% of patients lost two or fewer
days from normal activities [44].

Colonoscopy every 10 years is an acceptable
options for CRC screening in average-risk adults
beginning at the age of 50 years (Table 1.9) [27].

1.3.5 Double-Contrast Barium Enema

DCBE evaluates the entire colon, by coating the
mucosal surface with high-density barium and
distending the colon with air introduced through a
flexible catheter that is inserted into the rectum.

Multiple radiographs are acquired while varying the
patient position during direct fluoroscopic evaluation.
For colonic preparation, a 24-hour dietary and laxative
regimen is usually necessary, and patients may experi-
ence mild to moderate discomfort during and after the
procedure. There are no randomized trials that
examine the effectiveness of DCBE in reducing inci-
dence or death from CRC. The National Polyp Study
showed that the sensitivity of DCBE was 32% (95%
CI 25–39%) for polyps smaller than 0.5 cm, 53%
(95% CI 40–66%) for polyps 0.6 to 1 cm, and 48%
(95% CI 24–67%) for polyps larger than 1 cm,
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including two cases of cancerous polyps; specificity
was 85% (95% CI 82–88%) [45]. Important complica-
tions occurred in 1 in 10,000 examinations, and perfo-
ration in 1 in 25,000 examination. At present, DCBE
remains an option for direct imaging of the entire
colon, particularly when colonoscopy is contraindi-
cated, but any abnormal result must be followed by
endoscopy. DCBE every 5 years is an acceptable
option for CRC screening in average-risk adults aged
50 years and older (Table 1.9) [27].

1.3.6 Computed Tomography

Colonography

Colonography, also known as virtual colonoscopy has
been developed as a minimally invasive imaging
examination of the entire colon and rectum, as an alter-
native to conventional colonoscopy. In 2005, two
meta-analyses reviewed the cumulative published
CTC performance data including both high-risk and
screening cohorts, with one analysis representing 33
studies on 6393 patients [46,47]. Sensitivity for large
polyps (>1 cm) was found to be 85–93%, and speci-
ficity 97%. For detection of small polyps (6–9 mm),
sensitivity was found to be 70–86%, and specificity
was 86–93%. The accuracy of CTC is influenced by
lesion size, and sensitivity and specificity improves
with polyp size. Although evidence supports the effec-
tiveness of CTC in detecting colonic neoplasm, there
are no studies of the effectiveness as a screening test in
reducing mortality from CRC, and it is not yet among
the tests recommended for CRC screening. A number
of CTC trials are currently in progress within the
United States and Europe. The technique still requires
bowel preparation and colonic insufflation with air,
and some patients find the procedure uncomfortable;
moreover it subjects patients to ionizing radiation.
Abnormal findings require referral to colonoscopy. In
addition, approximately 11% of patients will have new
extracolonic abnormalities identified during CTC and
these may require investigation or intervention. A
recent study suggests that CTC with no reporting of
diminutive lesions (<6 mm) could be the most cost-
effective and safest screening option [48]. However,
non-reporting is unethical, cannot permit retrospective
examination of the appropriateness of this approach,
and does not permit any survey of a “not-reported”
lesion [49]. Standardization of the evolving tech-

nology and consensus related to the reporting of find-
ings will be essential for effective implementation of
CTC screening. However, in terms of detection of
colon cancer and advanced neoplasia, recent data
suggest CTC is comparable to colonoscopy. The
American Cancer Society, based on the accumulation
of evidence, includes CTC as an acceptable option for
CRC screening of an average-risk population from the
age 50 years. The interval for repeat examinations
after a negative CTC is uncertain, but if current studies
confirm the previously reported high sensitivity
for detection of CRC and of polyps ≥6 mm, it would
be reasonable to repeat examinations every 5 years
(Table 1.9) [27].

1.4 Guidelines for Screening

In describing screening tests we have focused on
screening in an average-risk population: American
Cancer Society screening recommendations are
summarized in Table 1.9 [27]. Several available
screening options seem to be effective, but the single
best screening approach cannot yet be determined.

Persons within an average-risk population should
initiate screening at 50 years of age. This is also
confirmed by findings from a study based on colono-
scopic screening: the prevalence of advanced neoplasia
in an average-risk population in the 50–59-year age
group may be higher than that in the 40–49-year age
group, although the prevalence of total adenomas is
similar in both groups [50]. Experts recommend that
African-Americans begin screening at the age of 45
years, because of the lower survival rates and delay in
making the diagnosis in this population. Colonoscopy
is the preferred screening test because of the propensity
for lesions in the upper (proximal) colon in this group.
The age at which to stop CRC screening is not known
with certainty, but depends on life expectancy and the
anticipated benefit of screening.

The increased-risk population can be divided into
three groups: patients with a history of polyps at prior
colonoscopy, patients with CRC, and patients with
family history of CRC. Patients with small rectal
hyperplastic polyps have the same screening recom-
mendation as average-risk individuals. For patients
with one or two small tubular adenomas with low-
grade dysplasia, colonoscopy is recommended but the
precise timing (from 5 to 10 years after the initial
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polypectomy) should be based on other clinical factors
such as prior colonoscopy findings, family history,
judgment of the physician, and the preferences of the
patients. For patients with three to ten adenomas or
one adenoma >1 cm, or any adenoma with villous
features or high-grade dysplasia, colonoscopy is
recommended 3 years after the initial polypectomy.
For patients with more than ten adenomas on a single
examination, the possibility of an underlying familial
syndrome should be considered, and colonoscopy is
recommended within 3 years after the initial polypec-
tomy. Moreover, for patients with sessile adenomas
that are removed piecemeal, colonoscopy is recom-
mended after 2 to 6 months, to verify complete
removal [27,51]. If the cancer is non-obstructing,
patients should undergo a preoperative colonoscopy to
view the entire colon and remove other polyps if
present. If the cancer is obstructing and no unre-
sectable metastases are found during surgery,
colonoscopy should be performed 3–6 months after the
cancer resection; alternatively colonoscopy can be
performed intraoperatively. For people who have had
colon or rectal cancer removed by surgery,
colonoscopy is recommended within a year after
cancer resection; if the results are normal, the exami-
nation should be repeated every 5 years, and if it is
again normal, after a further 5 years [52]. For patients
with either CRC or adenomatous polyposis in a first-
degree relative before the age of 60 years, or in two or
more first-degree relatives at any age, colonoscopy is
recommended every 5 years beginning at age 40 years
or 10 years before the youngest case. For patients with
either CRC or adenomatous polyps in a first-degree
relative aged 60 years or older, or in two second-
degree relatives, screening should be at an earlier age
(40 years), but individuals may choose to be screened
with any recommended form of testing [27].

High-risk groups are: genetic syndromes (the most
frequent are: FAP and HNPCC) and inflammatory
bowel disease (chronic ulcerative colitis and Crohn’s
disease).

In HNPCC, screening should be started at the age of
20–25 years with full colonoscopy, or ten years
younger than the youngest age of the person diagnosed
in the family, and recommended every one to two
years [15,53,54] (Table 1.10). In FAP, FSIG annually
or semi-annually should begin at puberty (10–12
years) and continue until age 35 years, at which time
the interval can be reduced to 3 years if no polyps have

been detected. Once polyps emerge, yearly
colonoscopy is required, although prophylactic colec-
tomy should closely follow this occurrence. Interval
surveillance for the remaining rectal mucosa in
patients who undergo a prophylactic subtotal colec-
tomy is required [15] (Table 1.10). Cancer risk for
inflammatory bowel disease begins to be significant at
8 years after the onset of pancolitis, or 12–15 years
after the onset of left-sided colitis. Colonoscopy every
one to two years with biopsies for dysplasia is recom-
mended.

1.5 Burden of Disease

CRC, the third most prevalent cancer worldwide,
imposes a significant economic and humanitarian
burden on patients and society. Precise quantification
of the costs of CRC is required to improve manage-
ment and to evaluate the cost-effectiveness of
screening. One study conservatively estimates the
annual expenditures for CRC to be approximately 5.3
billion dollars in the US in 2000, including both direct
and indirect costs [55]. No worldwide data have been
published, but assuming that the US represents
25–40% of the total expenditure in oncology, as seen
for breast and lung cancers, a rough estimate for CRC
would be in the range of US $14–22 billion [55]. A
recent study in France on the cost of management of
CRC and the effects of age, stage at diagnosis, health-
care pattern, and level of comorbidities, confirms the
major economic burden of CRC and that total costs
depend mainly on the stage at diagnosis. The mean
cost for the first year of management is estimated at
24,966€ in 2004. Costs increase significantly with
cancer progression, from 17,596€ for stage I to
35,059€ for stage IV. Mass screening could contribute
to decreasing the cost of managing CRC by enabling
diagnosis at an earlier stage [56]. Since CRC is gener-
ally a disease of the elderly, its economic burden is
expected to grow in the near future, mainly due to
population aging. A projection of the costs associated
with CRC care in the US by the year 2020 estimates
that among individuals aged 65 years and older, there
will be increases of 53% and 89%, in a fixed scenario
and in the current trend scenario respectively [57].

Screening for CRC has a cost per life-year saved
that is similar to other nationally recommended
screening programs [28]. A 2002 systematic review of
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Table 1.10 Screening recommendations. Reproduced from [15]

Disorder Gene(s) CRC Age of onset GI manifestations Extra intestinal
Risk/penetrance manifestations

Nonpolyposis disorders
HNPCC DNA mismatch ∼80% Polyps Discrete, often Early onset endometrial

repair genes: 20–30 years multiple, adenomatous ovarian, transitional cell,
hMSH2, CRC colorectal polyps; early stomach, small intestine,
hMLH1, hPMS1, 30–40 years onset and multiple hepatobiliary cancers;
hPMS2, hMSH6 Endometrial cancer colorectal cancers multiple cancers in the

30–40 years same individual
Muir–Torre hMSH2, hMLH1 As in HNPPC plus sebacous

gland and breast carcinomas
Polyposis disorders
FAP Tumour suppressor ∼100% Polyps 100–5000 adenomatous Papillary thyroid cancer;

gene: APC 10–20 years colorectal polyps; hepatoblastoma; adrenal
CRC fundic gland polyps; hyperplasia/carcinoma

20–40 years ileal and jejunal polyps;
duodenal/ampullary
adenomas/cancer

Gardner’s syndrome APC ∼100% As in FAP As in FAP Desmoid tumors; soft-tissue
tumors; osteomas;
dental abnormalities;
CHRPE; plus
those tumors seen in FAP

Turcot’s syndrome APC (70%) ∼100% As in FAP As in FAP Central nervous system
hMLH1, tumors – medulblastomas,
hPMS2 (30%) astrocytomas, espendynomas

AAPC APC Very high but Polyps < 100 polyps; flat polyps;
(proximal or not 100% 20–30 years proximal colon distributions;
distal ends) CRC abundant upper

20–50 years GI polyps

Hamartomatous disorders
Peutz-Jeghers Tumor suppressor: ∼40% Polyps early 5–100’s of Mucocutaneous

LKB1 chilhood hamartomatous polyps pigmentation; cancer of the
CRC throughout GI tract; breast (bilateral), cervix,

30–40 years polyps demonstrate gonads, thyroid and
smooth muscle pancreas;
pseudoinvasion

Juvenile Polyposis Tumor suppressors 10–40% Polyps 50–200 polyps throughout GI Congenital abnormalities,
– SMAD4 and 5–15 years tract, colonic predominance; including cardiac,
BMPR1A; PTEN CRC polyps have abundant lamina craniofacial and bowel

15–40 years propria; intussussception/ rotations Cowden’s syndrome
prolapse of polyps; anemia;
bleeding; protein-losing
enteropathy

Cowden’s syndrome Protein tyrosine No increased Hamartomatous polyps Verrucous skin lesions on
phosphatese gene: risk throughout the GI tract face and extremities;
PTEN skin, breast and thyroid

cancer; macrocephaly;
Lhermitte-Duclos disease

Ruvalcaba– Protein tyrosine Hamartomatous polyps Unusual facies,
Myhre–Smith phosphatase gene: throughout the GI tract macrocephaly,

PTEN developmental delay,
penile pigmented
papules; thyroiditis;
skeletal abnormalities

Heroditaty mixed ∼30% Polyps 1–15 atypical juvenile No extraintestinal
polyposis 20–40 years polyps; a mix of manifestations

CRC adenomamatous,
30–50 years hyperplastic and hamar-

tomatous polyps

GI, gastrointestinal; HNPCC, hereditary non-polyposis colorectal cancer; FAP, familial adenomatous polyposis; ACP, adenomatous polyposis coli;

PTEN, phosphate and tensin; CHRPE, congenital hypertrophy of the retinal pigment epithelium
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seven cost-effectiveness analyses found that the cost-
effectiveness of the commonly used screening modal-
ities was between $10,000 and $25,000 per year of life
saved, compared with no CRC screening. This review
found that no single strategy consistently had the best
cost-effectiveness ratio, and that additional analyses
are necessary to determine the optimal ages of initia-
tion end cessation [58]. A recent study estimated the
clinical preventable burden if a birth cohort of 4
million individuals were offered screening at recom-
mended intervals; 31,500 deaths would be prevented
and 338,000 years of life would be gained over the
lifetime of the birth cohort. In 2000, the cost-effective-
ness of offering patients aged 50 years and older a
choice of CRC screening options was $11,900 per year
of life gained [59].

Every 7 seconds, someone turns 50 years old; every
3.5 minutes, someone is diagnosed with CRC; every
9 minutes, someone dies from CRC; and every
5 seconds, someone who should be screened for CRC
is not [12]. Compliance with screening is low even in
the US, the country with the highest awareness and
compliance in the world, with 35% of the general popu-
lation aged over 40 years, and 60% of the high-risk
population [55]. Other studies show that the adherence
rate to screening programs in high-risk persons is only
38% [13]. Lack of physician recommendation for both
the average-risk and the high-risk population is the
most commonly endorsed barrier to adoption of CRC
screening [60]. Also, low socio-economic status, low
level of education, and non-Caucasian race, particularly
African-American, are well know to negatively influ-
ence CRC mortality, mainly due to a later stage at diag-
nosis and less-aggressive treatment [21,61]. Later stage
at diagnosis largely depends on a low adherence rate to
screening programs or follow-up. Future interventions
should focus on reducing modifiable barriers, making
follow-up testing more convenient and accessible,
promoting the acceptance of complete diagnostic eval-
uations, and educating the public regarding the risk
factors of CRC and increasing understanding of the
benefit of screening and follow-up [62].

1.6 Are We Going to Observe a Different

Disease?

A population-based study by Gupta et al summarized
changing trends in CRC incidence rates, stage,

mortality, and change from left-sided to right-sided
CRC seen in the last two decades [2]. The study
showed a significant decline in CRC incidence during
the study period, from 60 to 46.4 per 100,000 per year,
with a 40% reduction in left-sided CRC, where rates
fell from 32.4 to 19.5 per 100,000. This corresponds
with what has happened in most developed countries
in the last 20 years, and one potential explanation is
the increase in CRC screening as well as an improve-
ment in treatment (Figs.1.1 and 1.2).

Cancer of the left and right colon shows different
prevalence at varying ages, in high- and low-incidence
nations and in men and women. In particular, proximal
CRC is most common in elderly people and women,
and in developed countries. The progressive increase
of right-sided colon cancers in proportion to left-sided
cancers over the past 40 years has been seen in
multiple studies. Differences of epidemiology of prox-
imal and distal CRC could derive from different
procarcinogenic factors in the ascending colon
compared with the descending colon; nevertheless,
potential differences in tumor biology might also play
a part [63]. However, the proximal CRC shift over
time may not be attributed to a real increase in the inci-
dence of right-sided CRC, but to a decrease in the inci-
dence of distal CRC coupled with the aging of the
population [64]. Another hypothesis is that a greater
likelihood of prior polypectomy, and thus cancer
prevention, occurs more on the left side than on the
right [65]. These factors are important in evaluating
potential strategies for instituting advances in diag-
nosis and prevention. Elderly people are an age group
most affected by right-sided CRC, so they would be
the most adversely affected by CRC screening
methods that do not asses the total colon [64].

The population-based study by Gupta et al [2]
showed a significant and favorable stage shift over
time, and earlier cancer stage at diagnosis: the propor-
tion of stage A doubled, rising from 7% to 13%;
conversely, there was a decrease in stage D which fell
from 13% to 7% (the proportions of stages B and C did
not change significantly). Moreover, the screen-
detected cases had a survival advantage with signifi-
cantly higher 5- and 10-year survival rates with an
increased proportion of screen-detected cancer.

Early CRC detection has an important role in
reducing the transition from preclinical Dukes’ stages
A and B to preclinical stages C and D, and conse-
quently improving the prognosis of CRC. Five-year
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survival rate is 90% when cancer is limited to the
bowel wall, 68% when lymph nodes are involved, and
only 10% if metastasis has occurred by the time of
diagnosis (Table 1.5) [3]. The progression rates of
CRC by Dukes’ stage in a high-risk group were esti-
mated and applied to evaluate the efficacy of different
screening regimens using colonoscopy. The predicted
reductions of Dukes’ stage C and D achieved by
annual, biennial, 3-yearly, and 6-yearly screening
regimes against the control group were 60%, 49%,
40%, and 25% respectively. The corresponding
predicted mortality reductions were 39%, 33%, 28%,
and 18% respectively [66]. This suggest that selective
screening with colonoscopy for a high-risk group is
important for reducing Dukes’ stages C and D disease,
which in turn leads to a reduction in CRC mortality.
Mass screening contributes to decreasing the cost of
managing CRC and reduces mortality by improving
the stage at diagnosis and by identification and
removal of the precursor lesion – the adenomatous
polyp [67].
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Abstract Colorectal cancer is one of the most common neoplasms of industrialized
nations. Most colorectal cancer develops from adenomas. There are four categories of
adenoma: tubular, villous, tubulo-villous, and flat-depressed, and the histological
features of adenomas may be defined as low- or high-grade dysplasia.

Morphological features that determine the malignant potential of an adenoma are
size, growth pattern, and grade of dysplasia. Colorectal adenoma containing invasive
carcinoma corresponds to a carcinoma invading the submucosa, and represents the
earliest form of clinically relevant colon cancer. Improved prognostic power may
derive from advancements in histopathological evaluation. The pathological features
that are crucial for evaluating risk of adverse outcome include histological grade,
completeness of resection margin, vasoinvasiveness, tumor budding, and level of
invasion of the submucosa. These pathological parameters define two groups of early
colorectal cancer with different risk of nodal and/or local recurrence: low- and high-
risk early colorectal cancer.

Phenotypic characteristics seen on histopathological examination are essential to
planning patient management and should continue to be the major focus of patholo-
gists’ efforts.
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2

2.1 Introduction

Colorectal cancer is one of the most common
neoplasms of industrialized nations, and accounts for
approximately 9% of all cancer [1]. It is the second
leading cause of cancer-related death in the Western
world [2].

Most colorectal cancer develops from adenomas,
the precursor lesions [2–5]. Adenomas are benign

neoplasms with malignant potential; they may harbor
an invasive carcinoma. Adenomas occur sporadically
or as part of a polyposis syndrome. Hereditary poly-
poses account for approximately 1% of all colorectal
carcinomas; hereditary non-polyposis colorectal
cancer (HNPCC) accounts for approximately another
5%, and perhaps 30% or more of sporadic carcinomas
may be inherited [6]. In addition to its clinical rele-
vance as a precancerous lesion, the adenoma provides
a model of early neoplastic change that has contributed
to our understanding of the mechanisms of colorectal
carcinogenesis [7].

Colorectal cancer is highly curable if diagnosed in
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the early stages [8], and malignant polyps constitute
the precursors of early colorectal cancer. The patholo-
gist plays a critical role in the management of the
patient with endoscopically removed polyps, espe-
cially malignant polyps, because the histopathological
interpretation is the most important consideration for
subsequent management [9].

2.2 Adenomas

Adenoma is a benign intraepithelial neoplasm
composed of dysplastic cells. Most colorectal adenomas
are present as protuberant masses or polyps. They must
be differentiated from other types of epithelial polyps.
They are classified according to the pathological
process that is believed to underlie their origin [7].

Adenomas, the benign glandular neoplasms that
precede colon cancer development, originate from the
intestinal epithelium. They occur singly or in multi-
ples. When multiple, the patients may have a genetic
syndrome.

2.3 Biological Alterations in Adenomas

Despite their differing structure, there are two
common features in adenomas: a dysregulated prolif-
eration and the failure to fully differentiate the epithe-
lium. The dysregulated proliferation is evidenced by
an upward shift in the proliferative compartment.
Mitotic figures, including abnormal ones, are present
throughout the entire length of the hyperchromatic,
adenomatous epithelium.

In the normal colon most apoptosis occurs near the
luminal surface. Adenomas contain numerous apop-
totic cells which often lie at the adenomatous base, a
reversal of the normal distribution. This suggests that
adenomas exhibit a reversed epithelial cell migration
and have an inward growth pattern directed toward the
crypt base rather than toward the lumen [10].

Adenomas also tend to show abnormalities in
epithelial cell differentiation: adenomatous epithelium
resembles the replicating cells normally present in the
crypt base. Tall cells with prominent, elongated,
hyperchromatic nuclei produce a characteristic “picket
fence” pattern as they line the adenomatous glands.
The adenomatous epithelium contains incompletely
differentiated goblet cells and absorptive cells at all

levels of the crypt, including the free surface. Adeno-
matous glands show no evidence of differentiation
toward the luminal surface.

2.4 Adenoma Growth

Small adenomas represent neoplastic clonal popula-
tions of colonic epithelial cells, suggesting that they
arise from a single abnormal precursor stem cell.
Adenomas begin in a single crypt, and then grow by
replacing normal epithelium in a centrifugal manner.
Unicryptal adenomas are rare and most typically affect
patients with adenomatous polyposis syndrome.

The neoplastic cells appear to cluster at the luminal
aspect of the mucosa without extending to the base of
the glands. Normal-appearing mucosa lies below the
adenomatous glands. In 86% of early tubular
adenomas, the number of glands opening along the
polyp surface is larger than the number of gland bases;
this difference increases with polyp size [11]. Gland
proliferation is predominant in the upper crypts and
along the surface of the lesions.

Early adenomas are present as small growths with a
very benign tubular histology. The progression of most
small adenomas is slow, and occurs over several years.
On average, small adenomas double their diameter in
10 years [12]. Some adenomas ultimately progress to
invasive cancers, but not all adenomas progress; some
may stay stable and may even regress or disappear
while new ones may form [13].

2.5 Incidence

Adenomas are the most commonly biopsied tumors of
the large bowel [14]. Incidence rates of adenomas vary
considerably throughout the world. Geographic areas
exhibiting a high risk for colon cancer also exhibit a
high risk for adenoma development, and vice versa.

The incidence in the general population varies from
0% to 69%, depending on the country of origin [15,16]
and on how the adenomas are detected [17]. In
Western populations, the average prevalence rate for
adenomas from flexible sigmoidoscopy screening is
10%, and colonoscopic screening prevalence averages
25% [18]. Adenomas accounted for 68% of all polyps
removed by colonoscopy in the National Polyp Study
[19].
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In the 50- to 59-year age group, population
screening studies and autopsy studies show an
adenoma prevalence rate of 41.3% to 69% [20],
increasing in advancing years up to 88% in centenar-
ians [21]. Arminski and McLean [22] documented a
7.5% increase in adenoma incidence per decade.
Adenoma incidence peaks at age 60 to 70 years; it also
occurs more frequently in men (61.6%) than in women
(38.4%) [19].

Based on endoscopic studies, most sporadic
adenomas arise in the rectosigmoid colon (66% to
77%) [23]. Adenomas also occur from a distal to a
proximal location as patients age [15–17,24]; thus,
left-sided adenomas are found more commonly in
younger age groups, and right-sided lesions increase in
frequency in individuals older than 65 years of age.

Some adenomas tend to cluster. This means that
multiple adenomas tend to occur closer together than
would normally be expected from the general distribu-
tion of adenomas. This phenomenon occurs in all
colonic segments, but is less pronounced in the rectum
than in other parts of the large intestine [25].

2.6 Multiple Polyps

Individuals with one adenoma have a 40% to 55%
likelihood of having additional synchronous lesions
[23,26,27]. The additional adenomas can be detected
at the same time as the initial adenoma (synchronous
adenomas), or at a different time (metachronous
adenomas). The prevalence of multiple adenomas
increases with age (about 9% of those under 60 years,
and 28% of people older than 75 years have three or
more adenomas). The incidence of large intestinal
adenomas occurring synchronously with carcinomas is
approximately double that of adenomas occurring
alone.

A relationship exists between adenoma multiplicity
and histological findings. In patients with a single
adenoma, 38.8% are villous, whereas those with
multiple adenomas have a 60.1% chance of having at
least one villous adenoma [28]. Patients with multiple
adenomas are also more likely to harbor at least one
adenoma that contains high-grade dysplasia (13.8%)
versus patients with a single adenoma (7.3%).

The overall recurrence rates for new adenomas are
estimated from 20% up to 60%, with average follow-
up times of 3 to 10 years after index polypectomy

[17,23,29]. Most recurrences occur in the first two
years following polypectomy. The estimated time of
finding new adenomas is 58 months for patients clear
on the first colonoscopy, and 16 months for patients
who had adenomas on the first examination [30,31].
Villous tumors, particularly broadly sessile ones,
usually have less well-defined borders than tubular
adenomas, and therefore have a greater tendency to
recur after local resection than smaller, pedunculated
adenomas.

Endoscopic follow-up studies to evaluate new
adenomas are hampered by the fact that as many as
25% to 27% of adenomas measuring less than 5 mm
in diameter, and up to 6% of adenomas measuring 1
cm in diameter are missed during a single endoscopic
examination [32,33].

Right-sided adenomas are missed more often (27%)
than left-sided adenomas (21%) [32]. Relatives of
individuals with colorectal cancer have an adenoma
prevalence rate of 39%.

2.7 Clinical Features

Bleeding is the most frequent symptom reported, and
occurs more often in left-sided lesions than right-
sided adenomas [34]. Small adenomas, ranging up
to 1 cm in maximum diameter, usually remain
asymptomatic unless they are traumatized by the
passage of well-formed, hardened stool. Larger
lesions become symptomatic, with the symptoms
depending on polyp size and location. The bleeding is
seldom severe. The incidence of bleeding increases
with increasing adenoma size and once a carcinoma
develops within the adenoma. Villous tumors are
more likely to bleed than tubular ones, since they tend
to be larger [35]. Cecal lesions that block the appen-
diceal orifice may produce symptoms mimicking
acute appendicitis.

2.8 Gross Features

Grossly, adenomas assume one of three major growth
patterns: (a) pedunculated, (b) sessile, or (c) flat or
depressed. Most sporadic colorectal adenomas appear
as exophytic [8]. The categorization of adenomas
according to their macroscopic appearance is impor-
tant, as it may influence surgical treatment.
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2.8.1 Pedunculated Adenomas

Pedunculated adenomas appear as exophytic, mucosal
protrusions with a lobulated head and a stalk covered
by normal mucosa (Fig. 2.1). In pedunculated polyps,
the adenomatous epithelium remains confined to the
mucosa of the head of the polyp. The stalk consists of
normal mucosa, including the muscularis mucosae and
submucosal tissue, in continuity with the major part of
the bowel wall.

2.8.2 Sessile Adenomas

Sessile adenomas attach to the mucosa by a broad base
(Fig. 2.2). Sessile adenomas are often less well
circumscribed than pedunculated ones. Because of
their ill-defined edges, they are difficult to delineate,
and have a greater tendency to recur following local
excision.

2.8.3 Flat (Depressed) Adenomas

The terms superficial, flat, and depressed non-poly-
poid adenoma are used synonymously to describe this
entity [8], but have two different macroscopic aspects.
The overall prevalence of non-polypoid colorectal
neoplasms is variable, and it accounts for from about
35% [36] to 42% of adenomas [37].

Flat adenomas are lesions that lack an exophytic
polypoid configuration. They consist of slightly
elevated dysplastic mucosal plaques that are never
greater than twice the thickness of the surrounding
normal colonic mucosa [38] (Fig. 2.3). They consti-
tute a special subgroup of adenomas with a greater
potential for malignant transformation, while still
being smaller than exophytic adenomas [8].

Depressed adenomas have a collarette of epithelium
similar to that seen in a flat adenoma, but with a
depression that is usually central. Because flat or
depressed adenomas display little or no mucosal eleva-
tion, they can be very difficult to see endoscopically
and pathologically, especially in the proximal colon
[39]. They are often more clearly delineated endoscop-
ically after spraying the mucosa with methylene blue
or indigo carmine [40–43]. The failure to recognize
these flat lesions may account for the lingering concept
of de novo colorectal carcinoma [44].

Depressed adenomas tend to arise more commonly
in the right colon than elsewhere [44]. They occur in
HNPCC syndrome, sporadically, or in patients with
familial adenomatous polyposis (FAP) [45]. The
frequency of flat adenoma is 50.7% in HNPCC

Fig. 2.1 Pedunculated polyp with the typical lobulated head and
a stalk covered by normal mucosa

Fig. 2.2 Sessile polyp attached to the mucosa by a broad base.
On the right is a colonic tattoo: a collection of black non-degrad-
able pigments in the submucosa
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patients. Generally, adenomas appear as grossly
homogeneous, soft lesions without induration, ulcera-
tion, or fixation. Areas of ulceration, depression, or
firmness suggest the possibility of a coexisting carci-
noma.

2.9 Histological Features

There are four categories of adenoma: tubular, villous,
tubulo-villous and flat-depressed [8]. The factors
controlling the growth pattern of adenomas are
unknown [7].

2.9.1 Tubular Adenoma

Tubular adenomas maintain the original crypt archi-
tecture, but adenomatous epithelium replaces the
normal colonic epithelium in lining the crypts
(Fig. 2.4). This is the most common type of adenoma
(about 68% to 87%) [19,46,47]. Tubular lesions are
those that contain greater than 80% of a tubular
component. Tubular adenomas consist of closely
packed branching tubules separated by varying
amounts of lamina propria. The tubule may be rela-
tively regular, or when the adenomatous tubules grow,
they may branch and show considerable irregularity.
Small tubular adenomas usually have a dysplastic

surface epithelium overlying normal epithelium in the
crypt base.

2.9.2 Villous Adenoma

Villous adenomas (approximately 20%) have villi with
cores of lamina propria covered by a single layer of
adenomatous epithelium. Villous lesions are those that
contain greater than 80% of a villous component [46]
(Fig. 2.5). Villous adenomas fall into three types: (a)
flat, carpet-like masses; (b) lobulated, bulky, sessile
masses; (c) pedunculated lesions with short, broad
pedicles.

Fig. 2.3 Flat adenoma: low-power photomicrograph demon-
strating a flat adenoma with approximately the same thickness
of non-neoplastic  colonic mucosa and containing crowded
glands lined by hyperchromatic and mucin-depleted epithelium
concentrated at the surface. In the biopsy on the right there
are non-neoplastic glands on each side of the dysplastic epithe-
lium

Fig. 2.4 Tubular adenoma maintaining its original crypt archi-
tecture, but adenomatous epithelium (darker) replaces the
normal colonic epithelium of the  crypts

Fig. 2.5 Villous adenoma characterized by long finger-like
fronds lined by neoplastic epithelium
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2.9.3 Tubulo-Villous Adenoma

Tubulo-villous adenomas contain a mixture of both
tubular and villous patterns, or have broad villi
containing short tubular structures. Tubulo-villous
lesions are those that contain from 20% to 79% villous
components [46]. They tend to be larger than tubular
adenomas, with a mean diameter of 19 mm [22]
(Fig. 2.6). A villous component is present in 35% to
75% of all adenomas measuring more than 1 cm in
largest diameter [48].

2.9.4 Flat-Depressed Adenoma

Flat or depressed adenomas are a variant of tubular
adenoma with little or no mucosal elevation. The
thickness of the adenomatous mucosa does not exceed

twice than that of the normal mucosa [8], and the
adenomatous changes concentrate near the luminal
surface. Flat adenomas have a high incidence of high-
grade dysplasia [38,45], and they are more likely to
harbor invasive carcinoma than is typically seen in
polypoid counterparts [49]. There is a high association
with synchronous and metachronous invasive
colorectal carcinomas [8]. Depressed adenomas meas-
uring less than 1 mm in diameter show horizontal
growth between the normal adjacent crypts, often
leaving normal crypts entrapped as residual islands.

2.10 Diagnosis

The histological features of adenomas may be defined
as low- or high-grade dysplasia.

2.10.1 Low-Grade Dysplasia

Low-grade dysplasia consists of stratified dysplastic
epithelium that retains its columnar shape. The nuclei
are spindle or oval shaped. The stratified nuclei tend
to remain in the basal epithelium, extending no more
than three-quarters of the height of the epithelium
(Fig. 2.7). Minor cytological variations including
numerous mitoses, mild nuclear pleomorphisms, and
variations in cell size and shape may occur in adeno-
matous epithelium; however, these features (more
common in larger polyps) are insufficient for a diag-
nosis of high-grade dysplasia.

Sometimes it is difficult distinguish a small tubular

Fig. 2.6 Tubulo-villous adenoma: mixture of tubular and villous
architecture – villous fronds and tubular glands

Fig. 2.7a,b Low-grade dysplasia; a, small tubular adenomatous gland with very little atypia; normal colonic glands on the right; b,
small tubular adenomatous gland with moderate atypia

a b
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adenoma from reactive epithelium present in an
inflamed mucosa, because reactive glands appear more
basophilic than normal and the nuclei may exhibit
pseudostratification. In these cases it is useful examine
the degree of differentiation of the epithelium along
the length of the tubular crypt. If the entire gland is not
replaced by basophilic epithelium, then its restriction
to the bottom portion of the crypt serves to identify the
epithelium as regenerative. Conversely, in small
adenomas, the adenomatous glands appear more
basophilic at the surface of the lesion, and non-
neoplastic epithelium lies below it [8].

2.10.2 High-Grade Dysplasia

High-grade dysplasia is characterized by the presence
of marked cytological atypia, the loss of cellular
polarity, stratification of cells to the luminal surface of
the glands, and crowding with occasional formation of
solid nests of dysplastic cells. The cells show loss of
columnar shape with cellular rounding and an increase
of nuclear-to-cytoplasmic ratios. Cells remain
confined within the basement membrane of the orig-
inal colonic crypt, or they may extend into the
surrounding lamina propria, with a cribriform pattern
obliterating the intervening stroma. Glandular density
increases. (Fig. 2.8b) The presence of high-grade
dysplasia strongly correlates with a contiguous inva-
sive carcinoma.

High-grade dysplasia represents the extreme end of
the spectrum of abnormal histological changes, short

of invasive carcinoma in the adenoma–carcinoma
continuum. Individual adenomas may contain transi-
tions between high-grade and low-grade dysplasia.
The percentage of adenomas containing high-grade
dysplasia increases significantly with increasing
adenoma size, villous architecture, multiplicity of
adenomas, and age greater than 60 years [50,51].

High-grade dysplasia encompasses the histological
changes called carcinoma in situ [9] and intramucosal
carcinoma (Fig. 2.8a). The latter is when there is
extension of the neoplastic cells through the basement
membrane of the crypt into the surrounding lamina
propria but not beyond [52,53]; intramucosal carci-
noma includes that which involves the muscularis
mucosae. Neoplastic glands in and among a splayed
muscularis mucosae is not invasive cancer. Only when
cancer invades into the submucosa does it have the
potential to metastasize [8,9,52].

Neither carcinoma in situ nor intramucosal carci-
noma have a clinically significant potential for metas-
tasis (if all neoplastic tissue is removed), and the
lesions do not require additional treatment [8]. Hence
this term should only be used in conjunction with the
comment that intramucosal adenocarcinoma lacks the
potential for metastases, and if totally removed it has
been adequately treated [9].

The pathology report should state the macroscopic
description (pedunculated or sessile polyp, and the
greatest dimension), the highest degree of dysplasia
present in the adenoma, whether or not it has villous
features, the completeness of its removal, and the pres-
ence or absence of invasive tumor [54].

a b

Fig. 2.8a,b High-grade dysplasia; a, characterized by cellular disorganization  and more marked cytologic atypia, the degree of
nuclear pleomorphism is sufficient to call it intramucosal carcinoma; b, stratification of cells to the luminal surface of the glands, a
feature of high-grade dysplasia
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2.11 Reporting Colorectal Adenoma

Gross features:
• Macroscopic growth pattern: pedunculated/sessile/

flat polyp.
• Greatest dimension.

Histological features:
• Architecture: tubular/villous/tubulo-villous.
• Grade: low-grade/high-grade dysplasia.
• Status of the resection margin.

2.12 Adenoma–Carcinoma Sequence

Adenoma constitutes the precursor lesion for most
colorectal carcinomas [2–5]. Two concepts can
explain the understanding that now exists in relation to
the evolution of colorectal neoplasia. The first
is the model provided by the adenoma–carcinoma
concept and is supported by clinical, pathological,
and epidemiological data collated over several decades
[3]. The second model is related to the hereditary
bowel cancer syndromes (FAP and HNPCC) that led
to the discovery of important cancer genes [55,56].

The earliest lesions consist of pseudostratified,
immature, mildly dysplastic, adenomatous cells. In
some cases, one may see a continuous histological
spectrum of increasing degrees of dysplasia
culminating in the development of an invasive carci-
noma [8].

There are publications purporting “de novo” carci-
nomas that are open to various interpretations. It
should be recalled that adenomas may, on rare occa-
sions, be flat or even depressed, presenting essentially
as dysplasia within flat mucosa [40,57]. “De novo”
carcinoma may represent an early cancer that has
destroyed a small adenoma [58].

Nevertheless, some studies support the view that the
“de novo” cancer and classical cancer represent diver-
gent evolutionary pathways. “De novo” carcinoma
shows a non-polypoid, superficially spreading, growth
pattern, and a more aggressive course [7].

Morphological features that determine the malig-
nant potential of an adenoma are size, growth pattern,
and grade of dysplasia [7].

Carcinomas are more likely to arise in larger
adenomas than smaller ones. The incidence of carci-

noma in an adenoma increases as the size of the
adenoma increases. The prevalence of cancer in
adenomas under 1 cm is only about 1%, in those
between 1 and 2 cm in diameter it is about 10%, and
in those over 2 cm there is nearly a 50% malignancy
rate.

Adenomas with a villous pattern have a higher
malignant potential than those with a tubular pattern.
The malignancy rate for tubular adenomas is about
5%, but rises to 40% in villous ones. In tubulo-villous
types, the malignancy rate is about 22%.

Although histological type is very important in the
assessment of malignant potential, it seems that size is
the paramount feature [59].

The malignant potential of an adenoma increases as
grading of dysplasia increases, irrespective of histo-
logical growth pattern. Both growth pattern and
dysplasia grade correlate with adenomatous size.

Usually, small adenomas (those under 1 cm) show
low-grade dysplasia and have very low malignant
potential. The risk of cancer developing in such
adenomas is only 5% after 15 years. The malignancy
rate rises to 27% if a high-grade dysplasia is present;
however, it is rare in a polyp of this size. A similar
relationship is seen in adenomas that are 1 to 2 cm
in diameter in relation to the grade of dysplasia.
In adenomas over 2 cm in size, the malignancy rate
is high but bears little relation to the degree of
dysplasia.

Although the trend observed for size and malignant
change is considerably greater than the trend for
dysplasia and malignancy, there are reasons to suspect
that at the biological level of dysplasia is the most
selective marker of increased malignant potential [7].

Even though adenomas clearly constitute the
precursor lesion for most carcinomas, a vast gap exists
in the prevalence rates of adenomas and carcinomas,
indicating that some 90% to 95% of adenomas will
never become malignant during a person’s lifetime
[16].

This fact offers the challenge of developing markers
for the identification of those adenomas that have a
high probability of progressing to an invasive carci-
noma.

Actuarial analysis reveals a cumulative risk of
developing cancer in adenomas that are not removed at
5, 10, and 20 years of 2.5%, 8%, and 24%, respec-
tively. It is estimated that the conversion rate of
adenomas to cancer is 0.25% per year [60].
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2.13 Adenomas Containing Carcinoma

(Malignant Polyps)

A malignant polyp is an adenoma containing invasive
carcinoma. The diagnosis of invasive carcinoma is
made when neoplastic glands have invaded and pene-
trated through the muscularis mucosae into the submu-
cosa of the bowel wall or into the submucosa of the
stalk of an adenoma [9,61]. Invasion into, but not
through, the muscularis mucosae is still “intramucosal
carcinoma”. Desmoplasia often surrounds the invading
glands, which have irregular, angled contours and
show cytological features of malignancy [8]. This
feature must be differentiated from “entrapped”
(pseudoinvasive) mucosa.

Submucosal invasion is most easily recognized by
the intermingling of the malignant glands with normal
submucosal structures including medium-sized blood
vessels, fat, nerves, ganglia, and large lymphatics [8].
Various degrees of substitution of an adenoma by
carcinoma may occur. A polypoid carcinoma is a
polyp consisting entirely of cancer with no remaining
benign adenoma.

Malignant adenomas represent an early form of
colorectal carcinoma.

Approximately 42 to 85% of early colorectal
cancers are pedunculated, and 15–58% are sessile
[62,63]. Carcinomas arising from pedunculated
adenomas cause the biggest clinical questions with
regard to further management.

Various opinions exist for managing patients after
endoscopic removal of malignant polyps. Some of
these lesions require further therapy, others do not.
One possibility is that all patients with malignant
polyps should undergo standard resection [64]; another
opinion is that a conservative approach should be
maintained in the absence of cancer at the resection
line [65].

The present mainstream opinion, however, is that
all malignant polyps removed by endoscopic polypec-
tomy require evaluation of histological parameters that
have been demonstrated to be significant prognostic
factors related to the risk of adverse outcome (i.e.
lymph node metastases or local recurrence from
residual malignancy) after polypectomy [54,65–69].
The management of these malignant adenomas
depends upon their histological risk factors and the
patient’s general condition [70].

The dilemma about managing patients after endo-

scopic removal of malignant polyps is best resolved
by a multidisciplinary team involving the surgeon,
pathologist, and endoscopist, and taking the patient’s
condition and wishes into account [70].

The clinician faces the therapeutic decision as to
whether or not polypectomy alone is adequate therapy
or whether the patient requires a definitive surgical
resection; therefore, the metastatic risk must be deter-
mined to plan future therapy.

After endoscopic polypectomy, all the histological
risk factors need to be simultaneously and carefully
evaluated by the pathologist to identify and classify
patients into low-risk or a high-risk group associated
with an adverse outcome (i.e. lymph node metastasis
or local recurrence from residual malignancy) [68,71].

2.14 Prognostic Factors of Metastatic

Risk or Residual Disease Present in

Malignant Adenomas

Histological parameters have been developed over the
years to identify prognostic factors of metastatic risk
and reduce the number of unnecessary additional
laparotomies, while selecting which adenomas have
very little or virtually no risk of nodal metastasis
and/or local recurrence [68].

The pathological features that have independent
prognostic significance and that are crucial for evalu-
ating risk of adverse outcome (e.g. increased risk of
residual disease or lymph node metastases) include
histological grade, completeness of resection margin,
lymphatic-venous vessel involvement, tumor budding,
and level of invasion of the submucosa.

2.14.1 Grade of Differentiation

The grading system is based on gland or tubule forma-
tion and the cytological features of adenocarcinoma
(how closely it approximates normal epithelium) [9].
The neoplastic components should be divided into
well-differentiated (grade 1 – G1), moderately differ-
entiated (grade 2 – G2), poorly differentiated adeno-
carcinoma (grade 3 – G3), and undifferentiated
carcinomas (grade 4 – G4). The World Health Organi-
zation (WHO) classifies the neoplastic components
into just two categories: low-grade (G1 and G2) and
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high-grade (G3 and G4) adenocarcinomas [61].
Well-differentiated (G1) adenocarcinoma exhibits

glandular structures in more than 95% of the tumor.
Moderately differentiated (G2) adenocarcinoma has 50
to 95% glandular structure. Poorly differentiated (G3)
adenocarcinoma has 5 to 50% glandular structure.
Undifferentiated (G4) carcinoma has less than 5%
glandular structure [61]. In order to reduce the degree
of inter-observer variability in the grading of adeno-
carcinoma, and in light of its prognostic value and
relative simplicity and reproducibility, a two-tiered
grading system for colorectal carcinoma has been
recommended: low-grade carcinoma (gland formation
greater than or equal to 50%) and high-grade carci-
noma (gland formation less than 50%) [72].

The histological grade is assigned according to the
least-differentiated area found, even though this may
appear to be quantitatively insignificant [8]. Tumor
grade is classified as a favorable grade (low-grade
adenocarcinoma) or an unfavorable grade (high-grade
adenocarcinoma) [68].

2.14.2 Margins

The margin of resection, or transection point, is
defined as the actual free edge of the submucosal
connective tissue that contains diathermy change [9].
A tumor at the margin is defined as cancer cells
extending up to the actual transected soft tissue margin
(Fig. 2.9a) A tumor near the margin is defined as
cancer cells less than or equal to 1 mm from the tran-
sected margins, cancer within the diathermy change, or
within one high-power field of the cautery effect [9]
(Fig. 2.9b). The presence of a tumor at or near the
resection margin has the same clinical significance and
is associated with intramural recurrence after local
excision an adverse outcome [9], even in the absence
of any other unfavorable parameters [8].

2.14.3 Lymphatic Invasion

The diagnosis of lymphatic invasion requires the pres-
ence of cancer cells within endothelium-lined channels
[9] (Fig. 2.10). Lymphatic invasion may be confused
with retraction artifact. These are most commonly
encountered within the invasive tumor itself, rather
than in the submucosa away from and surrounding the

actual invasive cancer [73]. The retraction artifact is
often seen around small clusters of tumor cells, where
reactive fibroblasts often surround tumor cells and
mimic endothelium-lined channels.

When questionable areas for lymphatic invasion are
present, subsequent serial and deeper sections are
recommended [9]. Immunohistochemistry studies
have not been of great help in establishing or
excluding lymphatic invasion [9].

2.14.4 Venous Invasion

Venous invasion is defined as tumor emboli within
endothelium-lined channels surrounded by a smooth
muscle wall. When one suspects venous invasion,
multiple serial or deeper sections (and possible elastic

Fig. 2.9a,b Malignant polyps; a, with cancer at the resection
margin, arrows indicate resection margin; b, with cancer near
(�1 mm) the resection margin (diathermy effect is evident on
the right)

a

b
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stains) are quite helpful in deciding whether venous
invasion is present [9].

The degree of lymphovascular invasion has been
defined by the Japanese Society for Cancer of the
Colon and Rectum. Lymphatic (ly) or vascular (v)
invasion may be absent (ly0, v0), slight (ly1, v1),
moderate (ly2, v2), or massive (ly3, v3) [62].

2.14.5 Tumor Budding

Tumor budding, also known as dedifferentiation, is a
recently recognized feature that represents a high-
grade, undifferentiated component of a tumor at the
leading invasive edge [74] (Fig. 2.11). It is defined as
an isolated single cancer cell or a cluster composed of
fewer than five cancer cells observed in the stroma of
an invasive frontal region [75]. A budding count must
be done after choosing one field where budding is the
most intensive. in a field measuring 0.785 mm2, using
a 20× objective lens [69]. A field with fewer than five
budding foci is viewed as negative [76]; one with five
or more buds is viewed as positive [68].

Nonetheless, the intensity of tumor budding also
seems to be important [77]. Recent evidence suggests
that tumor budding is associated with both lymphatic
invasion and nodal metastases [75,78,79]. A number
of 0 to 9 foci are classified as a low-grade or low-
“intensity” tumor budding, while 10 or more buds are
a high-grade or high-“intensity” tumor budding [79].
Higher intensity of tumor budding is significantly
associated with higher risk of postoperative recurrence
[80]. The disease-free survival and the overall survival
rates dramatically decrease in patients with an inten-

sity greater than nine tumor buds [80]. Intensity
greater than nine may be considered to be an adverse
prognostic indicator in patients with colon carcinoma
[80].

Because cell clusters (buds) at the leading invasive
edge may be quite small and do not form glands or
produce mucin, identification on histopathological
examination may be difficult [74] (Fig. 2.12a). A pan-
cytokeratin immunostain may be helpful in their iden-
tification, especially if accompanied by an inflamma-
tory reaction that obscures their presence on hema-
toxylin-eosin stain [74,80] (Fig. 12b).

Results indicate that tumour budding is a useful risk
factor for predicting lymph node metastases in cases of
early colorectal cancer [81].

Fig. 2.10a,b Lymphatic invasion encountered in the submucosa (a, magnification 20×; b, magnification 30×)

Fig. 2.11 Early colorectal cancer with high degree of tumor
budding: isolated single cancer cell or a cluster composed of
fewer than five cancer cells is defined as a budding focus.
Arrows, budding foci

a b
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2.14.6 Adenocarcinoma in the

Submucosa (Microstaging)

If invasive cancer is present, it should be reported the
amount of adenocarcinomatous component in terms of
the volume of adenoma replaced by the carcinoma, the
depth of its invasion, and the width of horizontal
spread in the submucosa. This process can be called
microstaging, and allows the ability to report both the
level and the extent of the infiltration into the submu-
cosal layer.

2.14.6.1 Volume of Adenoma Replaced by the

Carcinoma

The volume of adenoma replaced by the carcinoma can
be measured. This is a quantitative ratio, expressed as a
percentage. Lesions with small foci of invasive carci-

noma have lower metastatic capability than polyps that
are mostly made of invasive carcinoma [82].

2.14.6.2 Depth or Level of Invasion of the

Submucosa

Different staging of invasion into the submucosa has
been proposed for pedunculated and sessile polyps.
The Haggitt levels are used for carcinoma in peduncu-
lated polyps [53], and the Kikuchi levels [64] are used
for carcinoma in sessile polyps [62].

Haggitt level (Fig. 2.13)
The level of invasion in a pedunculated malignant
polyp is defined within four levels:
• Level I: invasion is limited to the head of the polyp

(Fig. 2.14).
• Level II: invasion into the junction of head and stalk

(Fig. 2.15).
• Level III: invasion into the stalk.
• Level IV: invasion in the submucosa below the

stalk.

Kikuchi level (Fig. 2.16)
The level of submucosal (sm) invasion in sessile
malignant polyp is defined within three levels:
• Sm1: slight submucosal invasion from the muscu-

laris mucosae to the depth of 200–300 μm
(Fig. 2.17).

• Sm2: intermediate invasion.
• Sm3: carcinoma invasion near the inner surface of

the muscularis propria.
Considering polyp morphology, the sessile type is

associated with a unfavorable outcome as compared
with that of pedunculated type. Although patients with
sessile polyps frequently underwent surgery (85%)
[83], their overall mortality remained roughly eight
times higher when compared with patients with pedun-
culated polyps. This seems to be mainly due to a
significantly higher prevalence of all the histological
risk factors in this group rather than to a predetermined
biologically aggressive behaviour [84,85]. In detail, a
positive resection margin seemed to be by far the most
crucial risk factor in sessile polyps, probably because
of an inadequate endoscopic removal of these lesions.
This confirms the previous analysis by Haggitt et al
[53], in which the level of invasion, but not the sessile
morphology, seemed to be an independent risk factor
for an adverse outcome [83].

Fig. 2.12a,b Colorectal cancer. a, early colorectal cancer with
low degree of tumor budding. The identification of budding foci
is difficult because the buds are obscured by inflammatory reac-
tion (magnification 12×); b, tumor budding highlighted by
immunohistochemistry: by using a pan-cytokeratin antibody,
budding is easily seen (magnification 20×)

a

b
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The Haggitt classification is less useful for sessile
tumors. According to these criteria, invasive cancer
arising in a pedunculated adenoma could be classified
as level I to level IV. Invasive cancer arising in a
sessile adenoma is, by definition, a level IV lesion
(Fig. 2.17). In sessile and semi-sessile adenomas there
will most likely be an invasion into the submucosa of
the bowel wall, and the patient will therefore be at

higher risk for metastasis compared to early invasive
carcinomas arising in pedunculated adenomas [8].

2.14.6.3 Measuring the Level of Submucosal

Invasion

Extension into the submucosal layer may be expressed
by micrometric measurement of depth and width of

Fig. 2.13 Haggitt’s levels.
Modified from [53], with
permission from Elsevier

Fig. 2.14 Pedunculated early colorectal cancer: Haggitt’s level I
with invasion limited to the head of the polyp

Fig. 2.15 Early colorectal cancer: Haggitt’s level II (invasion to
the junction of head and stalk). The margin is the cauterized
submucosa (black star) and not the dangling wings of mucosa
(arrows)
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submucosal invasion. It is a numerical measurement
regarding depth and width of tumor invasion. Depth
invasion (vertical distance) is estimated from the lower
edge of the muscularis mucosae to the deepest invasive
front. When the muscularis mucosae cannot be identi-
fied, the vertical distance from apex of the tumor to the
deepest invasive front is measured. Width invasion
measures the greatest width of submucosal of invasion
[68] (Fig. 2.18).

Numerical data regarding the extent of submucosal
invasion aids in identifying tumors with very little risk
for nodal involvement in patients with an absence
of unfavorable parameters [68]. Width of submucosal
invasion less than 4 mm, and depth of submucosal
invasion less than 2 mm, in the absence of unfavor-
able parameters, identify tumors with very little risk
for nodal involvement, and metastatic capability close
to zero per cent [68]. Moreover, by estimating the

extent of submucosal invasion, it is possible to identify
within the low-risk early colorectal cancer, a subgroup
of lesions with virtually no risk of nodal metastasis:
depth of submucosal invasion less than0.3 mm (sm1),
or depth of submucosal invasion less than 2 mm
joined at a width of submucosal invasion less than
4 mm with negative budding [54,68].

These pathological parameters define two groups of
early colorectal cancer with different risk of nodal
and/or local recurrence: low- and high-risk early
colorectal cancer. A low-risk early colorectal cancer is
defined as being a completely excised Haggitt level 1
to 3 or Kikuchi Sm1 and possibly Sm2 depth of inva-
sion, with no evidence of poorly differentiated adeno-
carcinoma or lymphatic or vascular invasion [62] and
low-grade tumor budding [54,80]. It is now generally
accepted that local excision, by either endoscopic
polypectomy or transanal surgery, is adequate treat-
ment for a low-risk early colorectal cancer [62].

A high-risk early colorectal cancer is defined as one
that has one or more of the following characteristics: a
positive resection margin, a high tumor grade, an Sm3
or possibly an Sm2 depth of invasion, presence of
lymphatic or vascular invasion, or a high grade of
tumor budding [54,62,80].

Low- and high-risk early colorectal cancers differ,
not only with regard to lymph node metastases, but
also to distant metastasis and mortality rates [71]. Such
adverse clinical outcomes occur despite the majority of
high-risk patients undergoing surgical resection. This
observation strengthens the usefulness of this classifi-
cation not only for addressing the therapeutic choice,
but also as a staging procedure.

Fig. 2.16 Kikuchi’s levels. Modified from [63]

Fig. 2.17 Sessile early colorectal cancer: Haggitt’s level IV;
Kikuchi’s level sm1 with invasion from the muscularis mucosae
measuring less than 300 μm deep
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2.15 Reporting Malignant Polyps

Gross features:
• Macroscopic growth pattern: pedunculated/sessile/

flat polyp.
• Greatest dimension.

Histological features:
• Grade of adenocarcinoma: low-grade/high-grade

dysplasia.
• Status of the resection margin.
• Presence or absence of lymphatic or venous inva-

sion.
• Tumoral budding.
• Microstaging:

– volume of adenoma replaced by the carcinoma;
– levels of invasion of the submucosa:

– Haggitt’s levels (pedunculated polyp)
– Kikuchi’s classification (sessile polyp)
– depth and width of infiltration of the submu-

cosa.

2.16 Pseudocarcinomatous Entrapment

(Pseudoinvasion)

A recognized histological pitfall in diagnosing
adenoma is the presence of “entrapped” (pseudoinva-
sive) dysplastic glands in the submucosa mimicking
invasive adenocarcinoma.

Pseudocarcinomatous entrapment, variously termed
colitis cystica profunda, submucosal cysts, pseudocar-
cinomatous invasion, or epithelial misplacement,
affects a small proportion of pedunculated adenomas

usually located in the sigmoid colon (64% to 85%) [8].
Repeated episodes of torsion lead to hemorrhage,
inflammation, and ulceration of the adenoma. As a
result, the adenomatous glands herniate through the
muscularis mucosae into the underlying submucosa.
Forceps biopsies may also cause epithelial displace-
ment: the adenomatous tissue may be pulled further
into the stalk by contraction of fibrous tissue as the
biopsy site heals [86].

Histologically, areas of pseudoinvasion can be recog-
nized by the presence of adenomatous glands in a
submucosa without cytological evidence of malignancy.

Pseudoinvasion is characterized by the presence of
entrapped adenomatous glands in a submucosa
surrounded by normal lamina propria with hemosiderin
deposits, as opposed to a desmoplastic response in
invasive carcinoma (Fig. 2.19). The degree of dysplasia

Fig. 2.18 Width and depth of
submucosal invasion.
Modified from [68] with
permission from Elsevier

Fig. 2.19 Adenoma with pseudocarcinomatous entrapment: at
high magnification the displaced pseudoinvasive glands demon-
strated low-grade dysplasia and are surrounded by lamina
propria.  Siderogenous desmoplasia is present within the submu-
cosa (brownish color comes from the presence of hemosiderin-
laden macrophages)
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in the displaced glands often resembles that of the
glands immediately overlying it, and the displaced
glands may also coexist with non-neoplastic glands that
were displaced along with the neoplastic ones.

2.17 Gross Examination and Cutting of

Polyps

2.17.1 Fixation

Adenomas should be fixed prior to cutting. The polyp
should be placed in an adequate volume of fixative (at
least ten times the volume of the tissue). The length of
time needed for adequate fixation varies with the size
of the polyp (i.e. larger polyps need longer fixation).
The pathologist can often appreciate when the tissue is
adequately fixed and firm enough for subsequent
sectioning, by careful palpation of the polyp [9].
Ideally, the endoscopist should indicate the stalk of
larger adenomas by placing a needle at its base when
the polyp is removed from the endoscope. Realisti-
cally, this almost never happens. Occasionally, the
pathologist and the endoscopist disagree as to whether
a stalk is present or how long the stalk is, since the
stalk often retracts into the head of the adenoma. Occa-
sionally, the precise orientation of the polyp cannot be
identified clearly; sectioning at several levels may then
be needed to recognize the exact anatomical relation-
ships.

However, some specimens defy accurate orientation
so that the assessment of margins may be impossible.
In this case, the margins are reported as not evaluable.

2.17.2 Sampling

Once fixed, the entire lesion should be examined histo-
logically. When one receives polyp biopsies or
polypectomy specimens, it is important to record all of
the pathological features, including the number of
tissue fragments received, their size, their gross
morphology (i.e. pedunculated or sessile), and their
locations. The stalk of a pedunculated polyp or the
point of transection of sessile or semipedunculated
polyps should be identified. In sessile and semipedun-
culated polyps, the point of transection can often be
identified as an ashen white area of discoloration. It is
possible to identify the excision edge of the specimen

due to the presence of a prominent cautery effect [62].
The endoscopist should identify the point of tran-

section with India ink; a pin is another method of iden-
tifying the point of transection in sessile polyps [9].
Polyps should be cut in the sagittal plane through the
stalk or the point of transection, such that all the rele-
vant microscopic landmarks will be easily assessable.
If piecemeal polypectomy is unavoidable, the endo-
scopist can place the true transected margin in a sepa-
rately identified container, or use a pin or India ink to
identify the true margin of transection. It is also impor-
tant that the endoscopist informs the pathologist
whether the polypectomy was believed to be complete
or incomplete [9].

Tissue fixation ensures retention of the ball shape,
making identification of the resection site difficult.
This artifact can be avoided by having the endoscopist
place sessile polyps on a firm matrix, such as a piece
of paper or Gelfoam, before placing the specimen in
the fixative.

If the lesion is pedunculated and received in a fresh
state, it can be fixed in such a way that the stalk is
pinned to a piece of cork.

The histological classification of fractional biopsies
of smaller adenomas (<1.7 cm) are in 88.9% agree-
ment with the final diagnosis in the polypectomy spec-
imen, whereas the reliability of the biopsies in accu-
rately diagnosing adenomas >1.7 cm is only 27.68%.
Invasive carcinomas are frequently missed in biopsies
taken of larger lesions [8].

This diagnosis is made on either a polypectomy
specimen or a biopsy of sessile lesions. Diagnosing
areas of invasive carcinoma on a midsagittal section of
a pedunculated adenoma is often easier than making a
diagnosis of invasion on a small forceps biopsy of a
larger lesion.

Biopsy fragments in which the neoplastic cells
mingle with the fat, medium-sized blood vessels, nerve
trunks, ganglia, or large lymphatics can be diagnosed
as invasive lesions.

2.18 Pathology of Post-Polypectomy

Resection Specimens

The reports from pathologists with regard to the post-
polypectomy resection specimens have to focus on two
significant statements: (1) the presence of residual
neoplastic cells at the site of previous polypectomy,
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and (2) the presence of lymph-nodal metastases.
On gross examination of the resection specimens, it

is important to identify the actual polypectomy site. If
the resection is performed within approximately 10
days post-polypectomy, the polypectomy site will
usually be apparent as an area of erosion, ulcer, or
induration. When resections are performed more than
10 days post-polypectomy, it is often difficult to iden-
tify the polypectomy site, which has probably healed
and re-epithelialized.

In a fresh unfixed specimen, if the polypectomy site
is not grossly obvious, the pathologist, by careful
palpation, can often find an area of induration that
corresponds to the polypectomy site. The polypectomy
site should be confirmed microscopically.

In instances of delayed resection with re-epithelial-
ization of the polypectomy site, one should look for
focal fibrosis, thrombosed submucosal blood vessels,
occasional giant cells, disruption of the muscularis
mucosae, etc, to confirm the polypectomy site. If, after
taking the routine number of sections, one is unsuc-
cessful in finding the polypectomy site, more random
sections should be taken. No specific number is
recommended, but the sampling should be extensive.
If, after extensive sampling, the site is not found, the
pathology report should clearly indicate that the
polypectomy site was not found. This should indicate
to the surgeon that there is a possibility that the correct
area of bowel may not have been removed.

To facilitate finding the polypectomy site, the endo-
scopist might tattoo the area with India ink. This tattoo
remains for several months [9].

With respect to lymph nodes, it should be remem-
bered that all nodes present must be sampled. It has
been shown that a minimum of 12 to 18 lymph nodes
must be examined to accurately predict regional node
negativity in colorectal cancer [87–90]; moreover it
has been suggested that 12 lymph nodes be considered
the minimum number that is acceptable [72,88].
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Abstract Epithelial serration, namely the saw-toothed outline derived from infolded
epithelial tufts in the Lieberkühn’s crypt, typically features hyperplastic polyps of the
large bowel as a result of inhibition of the apoptotic homeostatic control. Dysplasia
can affect the serrated epithelium of hyperplastic polyps, featuring right-sided colonic
neoplastic polyps, the serrated adenomas. Whereas the diagnosis of sessile serrated
adenomas is based mainly on architectural dysplasia, cytologic and nuclear dysplasia
define traditional (polypoid) serrated adenomas. In mixed serrated polyps, both
tubular or tubulo-villous and serrated adenomatous tissue can be seen, indicating the
fusion of the classical adenoma–carcinoma sequence with the serrated pathway. Acti-
vating mutation of the BRAF gene is the triggering event, and the CpG islands methy-
lator phenotype is the molecular genetic mechanism driving serrated tumorigenesis.
Serrated adenomas are potentially evolving neoplastic lesions, maximally in hyper-
plastic polyposis, and need to be histologically classified and appropriately managed.

Keywords Colorectal polyps • Colorectal tumorigenesis • Hyperplastic polyps •
Serrated neoplasia

Serrated Neoplasia Pathway
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3.1 Serration and Colonic Epithelium

Homeostasis

Lieberkühn’s crypt of intestinal mucosa is a finely
tuned homeostatic unit whose morphological features
are strictly dependent on the balance between cell
proliferation and cell death. Under normal conditions,
epithelial cells are generated in the proliferative
compartment at the lower portion of the crypt, migrate,
while differentiating, toward the mucosal surface, and
are progressively deleted at different check-points by a

scheduled programme of cell death. A single apoptotic
programme could be hypothesized, which is under
different temporal, microenvironmental, and genetic
controls in the various sectors of the crypt. Apoptotic
activation in the basal regions is elicited by exposure
to genotoxic or cytotoxic agents, whereas in the
surface epithelium extrusive apoptosis (anoikis) is
damage independent, linked to cell senescence, trig-
gered by modifications occurring in colonocyte–cell
matrix interactions, and barely influenced by homeo-
static fluctuations. Furthermore, there is mathematical
evidence that apoptosis in the middle regions of the
crypt (regulated and compensatory cell death) is the
actual regulator of homeostasis in the gut [1,2]. As a
result of such a plastic and modulable homeostatic
balance, the entire colonic mucosa is composed of
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uniform, straight, perpendicular, parallel crypts, which
do not exhibit any branching and are lined by simple
columnar epithelium.

Epithelial serration, namely the saw-toothed outline
derived from infolded epithelial tufts in the crypt and
in the luminal surface, occurs as a consequence of the
undue accumulation of cells, following loss of homeo-
static trophism. Transient serration associated with
hyperproliferation can be found in reparative and
regenerating colonic epithelium (Fig. 3.1): in this case,
the reversible cellular heaping up is aimed at restoring
the epithelial barrier, and serration disappears in a
short time [3]. Conversely, steady serration in the
absence of hyperproliferation is displayed in the
common hyperplastic polyps of the large bowel, as a
result of the inhibition of regulated cell death and
anoikis [4]. To adapt to the cell accumulation and the
slower migration rate, the epithelium protrudes into
the lumen in the form of micropapillary infoldings,
giving the crypt a serrated profile.

The migration of epithelial cells along the axis of
the crypt is finely synchronized with both maturation
and differentiation, so that changes in the former influ-
ence the latter, particularly in the mucus-producing
process. Goblet cell, microvescicular, and mucus-poor
cell components can therefore be found in serrated
epithelium, allowing the identification of different
subtypes of serrated polyps [5].

3.2 Serration in the Absence of

Dysplasia: The Hyperplastic Polyp

Epithelial serration together with minor architectural
changes are typical features of hyperplastic polyps of
the large bowel. They are small-sized (0.2–0.5 cm)
mucosal bumps of the sigmoid colon and rectum,
consisting of straight, parallel, slightly elongated
crypts lined by serrated epithelium in the intermediate
and upper third, and by undifferentiated cells in the
lower third (Fig. 3.2). The nuclei are round or oval,
and located at the base with little or no stratification.
Kinetic studies have shown that, in contrast to
adenomas, cell renewal in hyperplastic polyps resem-
bles that in the normal mucosa: there is no hyperprolif-
eration, nor any abnormal shift of the proliferative
compartment along the axis of the hyperplastic crypt

Fig. 3.1 Serrated profile of the actively regenerating epithelium
in the crypts of an infiammatory polyp, myoglandular type

Fig. 3.2 A typical crypt of
hyperplastic polyp. Epithelial
serration is limited to the
intermediate and upper regions
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(Fig. 3.3) [6]. Upward migration from the base to the
surface of the crypt, on the other hand, is slower, the
turnover time is longer, and the cell population is
hypermature [7]. From the histological standpoint,
therefore, the serrated epithelium of hyperplastic
polyps is characterized by exaggerated cell maturation
and differentiation without dysplasia.

Hyperplastic polyps are regarded as non-neoplastic
lesions and, although there have been sporadic reports
of their malignant transformation [8], no firm
evidence has yet been presented of a greater likeli-
hood of these polyps becoming cancerous, in compar-
ison with the normal mucosa. On the other hand,
hyperplastic polyps are more frequent in colonic
segments with carcinoma, share some phenotypic
features with colorectal adenocarcinoma, and are
associated with lifestyle risk factors linked with
neoplastic polyps [9]. Hyperplastic polyps are likely
to be markers of the action of an environmental factor
interacting in the initiation stage of colorectal tumori-
genesis but not influencing promotion: they are para-
neoplastic rather than neoplastic lesions, even though
the specific mechanisms that orientate the mucosa
towards hyperplastic differentiation remain to be
elucidated [10].

3.3 Serrated Intraepithelial Neoplasia:

Serrated Adenomas

It is well known that most adenocarcinomas of the
large bowel are preceded by a pre-invasive stage of
intraepithelial neoplasia that lasts for years. The
neoplastic process is therefore a single, indivisible
continuum that begins and is confined within the
epithelium (hence the name “intraepithelial
neoplasia”) until invasion across the muscularis
mucosa occurs, at which time the term carcinoma
applies. The severity of intraepithelial neoplasia is
estimated from the extent of the lesion as well as the
degree of deviation from normal cellular morphology
and differentiation pattern: the neoplastic process is
thought to progress toward carcinoma through
dysplasia of increasing severity. From the morpholog-
ical standpoint, the term dysplasia is conventionally
applied to the collection of changes in tissue architec-
ture (branching and budding of the crypts, cribriform
growth, back-to-back glands) and cellular and nuclear
morphology (altered nucleocytoplasmic ratio, hyper-
chromatic nuclei, prominent nucleolus, crowded/strat-
ified nuclei) that define intraepithelial neoplasia.
Although the two categories have turned out to be
differently associated with genomic changes in
colorectal tumor progression [11], they have not been
separately evaluated in pathological reports since they
are deeply intermingled within a single neoplasia in
most cases. Dysplasia in serrated epithelium has been
recently demonstrated to represent a unique precan-
cerous morphogenetic pathway, in that architectural
features of dysplasia precede and are often uncoupled
from nuclear and cytological dysplastic changes [12].

Sessile serrated adenomas (SSA) (serrated
adenoma, superficial type; serrated adenoma type 2;
serrated polyp with abnormal proliferation) [12–14]
are right-sided, large-sized (>1 cm) sessile serrated
lesions displaying patchy or diffuse distortions of
tissue organization consistent with architectural
dysplasia (i.e. branching of crypts, serration or fove-
olar cell phenotype at the base of the crypt, dilatation
at the base of the crypt, horizontal crypt growth)
(Fig. 3.4). Most findings are localized in the deeper
sectors of the mucosa and require well-oriented
samples to be identified. Subtle nuclear changes, when
present, are focal and include small prominent
nucleoli, open chromatin, and irregular contours [12].

On the other hand, in traditional serrated adenomas

Fig. 3.3 Cell proliferation in hyperplastic polyps. The prolifera-
tive compartment (brown nuclei) is strictly confined to the lower
third of the hyperplastic crypts, as in normal mucosa
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(TSA) (serrated adenoma, polypoid type; serrated
adenoma, type 1) [12–14], nuclear (elongated, hyper-
chromatic, stratified nuclei) and cytological frankly
dysplastic features are seen within the serrated epithe-
lium, besides the architectural ones (Fig. 3.5). Rapid
and protuberant growth parallels nuclear dysplasia
and, grossly, TSA can be indistinguishable from
villous or tubulo-villous colorectal adenomas.

Although dysregulation of apoptotis is the basic
event triggering and sustaining serrated tumorigenesis
(“bottom-up morphogenesis”) [15], cell proliferation
changes can be detected in serrated adenomas. The
asymmetric and irregular expansion of the prolifera-
tive compartment through the entire length of the crypt
is seen in both SSA and TSA, and the upward shift of
the major zone of proliferative activity (“top-down
morphogenesis”) [16] can also occur in TSA

(Fig. 3.6), but to a less remarkable extent with respect
to classical tubular colorectal adenomas [17,18].

3.4 Serrated Polyps: Diagnostic Accuracy

and Reproducibility

Studies evaluating concordance in the morphological
diagnosis of serrated polyps among pathologists have
demonstrated an excellent interobserver agreement for
TSA (κ = 0.78–0.83) and that the main source of
discordance is in distinguishing SSA from hyperplastic
polyps (κ = 0.32–0.47) [19, 20]. Distinction between

Fig. 3.4 Sessile serrated
adenoma (SSA). Serrated
epithelium lining the entire
length of the crypts, which
show dilatation at the base

Fig. 3.5 Traditional serrated adenoma. Irregularly shaped,
serrated crypts lined by frankly dysplastic epithelium

Fig. 3.6 Cell proliferation in traditional serrated adenoma.
Proliferating cells (brown nuclei) are scattered throughout the
entire length of the crypts, and focally clustered at the upper
third (“upward shift”)
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the two serrated lesions mainly relies on the architec-
tural features, some of which cannot be effectively
recognized in superficial and tangentially cut biopsy,
or in polyps fragmented by endoscopic removal [21].
Intermingling and/or intermediate features of SSA and
hyperplastic polyps can often be seen in the same
histological section, particularly in small polyps,
impairing diagnostic reproducibility [20–22]. The
terms “sessile serrated polyp” [14] and “serrated
mucosal lesion” [23] have therefore been suggested for
lesions with equivocal features that cannot be defini-
tively categorized. Improvement in the concordance is
suggested to derive from standardization of nomencla-
ture, training of pathologists, and identification of
molecular markers [19]. In support of this, Owens et al
[24] have recently demonstrated that the immunohisto-
chemical expression of gastrin mucin MUC6 displays
100% specificity in distinguishing SSA from hyper-
plastic polyps, and the nuclear immunostaining for
β-catenin has been suggested to have diagnostic
usefulness for serrated lesions [25].

It has to be taken into account, however, that the
prevalence of SSA in patients undergoing colonoscopy
ranges from 1.9% to 9% [17,21,26], and that they
represent 7–15% of serrated polyps [21,27]. It has been
estimated that only 8.3% of the polyps previously diag-
nosed as hyperplastic polyps would now be reclassified
as SSA [17], and such a level of diagnostic accuracy is
felt acceptable to support clinical decision making [20].

3.5 Serrated Tumorigenesis: The

Paradigm of Hyperplastic Polyposis

Hyperplastic polyposis is defined by the presence of
multiple or large hyperplastic polyps of the large
bowel, typically located proximally, and often associ-
ated with familial clustering, so that World Health
Organization (WHO) diagnostic criteria rely on the
number, size, location, and distribution of polyps [28].
The condition has been ultimately associated with an
increased risk of colorectal cancer [29], and morpho-
logical re-evaluation has shown the neoplastic nature
of the polyps: the term “hyperplastic polyposis” could
therefore be a misnomer, with “serrated adenomatous
polyposis” [30], “serrated polyposis” [31], or “mixed
polyposis syndrome” [32] being more appropriate. In
fact, even if most polyps are indistinguishable from
common sporadic hyperplastic polyps, SSA, TSA,

classical adenomas, and mixed serrated polyps
(serrated + classical adenoma) have been detected in
various proportions and with various grades and exten-
sions of dysplasia [29,30,33]. Mixed serrated polyps
(MSP) (Fig. 3.7), in particular, include within a single
lesion a serrated (dysplastic or non-dysplastic) and a
conventional dysplastic component (tubular, tubulo-
villous, villous adenoma) morphologically combining,
in accordance with the recently proposed “fusion
model” [35], the two major routes of colorectal
tumorigenesis, the adenoma–carcinoma sequence, and
the serrated pathway. Such polyps, occurring also in
attenuated familial adenomatous polyposis and in
MUTYH gene-associated polyposis [36–38], are
thought to be relatively aggressive, exploiting both
hyperproliferation of adenomas and apoptosis inhibi-
tion of serrated neoplasia [35]. The observation that
most cancerous SSA display transition sectors of clas-
sical adenoma between SSA and invasive carcinoma
[12] is also consistent with this interpretation.

Taken together, this evidence indicates that a multi-
step progression exists, leading from serrated adenomas
toward colorectal carcinoma through the transition
from architectural to nuclear and cytologic dysplasia or
the conversion to classical adenomatous dysplasia, the
latter being even more common than evolution to
advanced dysplasia [12]. The following morphogenetic
sequence might therefore be hypothesized:

SSA � TSA/MSP � invasive adenocarcinoma.

Fig. 3.7 Mixed serrated polyp (MSP). Serrated and conven-
tional, tubular dysplastic crypts are intermingled. Reproduced
from [34], with permission from GIED: Area Qualità Editor,
Milan, Italy
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On the whole, 10–15% of colorectal cancers are
expected to originate from serrated polyps [39]. The
percentage of cancerization and speed of evolution are
not yet completely known: roughly, the time elapsed
from the diagnosis of SSA and the onset of advanced
carcinoma is greater than 3 and 5 years in 90% and
55% of cases, respectively [40]. The overall associa-
tion between serrated dysplasia and cancer (5.8%) [41]
peaks at 55% in cancers showing microsatellite insta-
bility [42], and 54–70% in hyperplastic (serrated)
polyposis [29,43].

Based on current knowledge, recommendations for
treatment of serrated neoplasia should consider:
1. location and size of the lesion, as critical issues for

endoscopic removal
2. evidence of nuclear and cytologic dysplasia,

featuring high-risk serrated polyps (TSA or MSP)
[12].
In consequence, the pathologic report should detail

the type (architectural versus nuclear), grade (low
versus high), and extension of dysplasia in order to
orientate the follow-up and management [44]. Left-
sided endoscopically removed SSA of any size are
suitable to be followed-up as low-risk adenomatous
polyps, and TSA and MSP as high-risk adenomatous
polyps. It is advisable to follow up as low-risk adeno-
matous polyps the small (<1 cm), right-sided, endo-
scopically completely removed SSA; incompletely
removed, large (>1 cm) SSA should be repeatedly
biopsied until the onset of cytologic dysplasia: then
surgical excision should be carried out and the patients
followed up as high-risk for adenomatous polyps.
Major surgery and follow-up as high-risk for adeno-
matous polyps is also recommended for right-sided
TSA and MSP [12].

3.6 Molecular Genetics of Serrated

Neoplasia

Somatic genetic instability in the form of chromosome
instability (CIN) and microsatellite instability (MIN)
has been demonstrated to sustain colorectal carcino-
genesis [45] and orientate the morphogenesis of both
premalignant and malignant lesions. The CpG islands
methylator phenotype (CIMP) is a newly described
mechanism for intestinal neoplasia operating extensive
methylation of CpG sites (cytosine–guanine dinu-
cleotide sequence), richly aggregated in the promoter

regions of genes. Hypermethylation of CpG islands
brings about promoter silencing, and this epigenetic
change, in turn, results in functional suppression of the
gene. Genes frequently methylated in colorectal cancer
are p14, p16, estrogen receptor, DNA repair genes
MLH1 and O6-methylguanine DNA methyltransferase
(MGMT), RASSF1, APC, COX2, CDH1, and anony-
mous marker genes (MNT1, MNT2, MINT31) [15].
CIMP drives serrated tumorigenesis by silencing pro-
apoptotic (e.g. RASSF1, RASSF2) and cell cycle
inhibitory (p16, p14, p19, Rb) genes, while epigenetic
suppression of DNA repair genes hMLH1 and MGMT,
inducing high-level MSI, would represent the rate-
limiting step for tumor progression [15,46–48].

KRAS and BRAF genes participate in the mitogen-
activated protein kinase signaling pathway, which
mediates cellular responses to growth signals. Somatic
mutations of these genes, leading to activation of the
signaling pathway, confer a proliferative and invasive
potential on the cells. In fact, KRAS plays a key role in
the classical adenoma–carcinoma sequence, allowing
the growth and progression of small adenomatous
polyps [11], and BRAF mutations are likely to repre-
sent the initiating event, unlinked with the action of
the CIMP machinery, in serrated tumorigenesis [12].
Acquisition of a BRAF mutation appears to be associ-
ated with the progression of hyperplastic polyps to
SSA [15,48–50], whereas fusion pathways involving
the sequential alterations of the genes KRAS, APC,
TP53, and MGMT could lead from hyperplastic polyps
to MSP and TSA [35].

Familial syndromes originating in the serrated
pathway include an autosomal dominant condition
(“serrated pathway syndrome”) and a recessive one
(hyperplastic polyposis), both of which are character-
ized by BRAF gene somatic activating mutations
together with CIMP [51]. Although the underlying
genetic alteration is at present unknown, a germline
defect in epigenetic regulation is conceivable, causing
diffuse stochastic methylation of CpG islands or
targeting specific vulnerable loci among promoter
regions.
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Abstract Familial adenomatous polyposis (FAP) is a heterogeneous genetic
syndrome characterized by the presence of hundreds to thousands of adenomas,
leading to a malignant degeneration at young age. Affected individuals can differ in
the number of polyps, the presence of carcinoma, and extraintestinal manifestations.
In the last decade, a distinctive phenotype, with fewer than 100 polyps and a later
onset of adenomas, termed attenuated familial adenomatous polyposis (AFAP), has
been identified, but its prevalence remains unknown. The APC and MUTYH genes
are associated with this syndrome in 70–80% of FAP cases, but in no more than
30–40% of AFAP patients. The structure and function of these two genes explain
much of the clinical heterogeneity of this syndrome. APC, triggering both inherited
and sporadic colorectal tumorigenesis by controlling the Wnt signaling pathway acti-
vation, leads to a severe phenotype with a dominant pattern of inheritance. On the
other hand, MUTYH, controlling a DNA repair system for oxidative DNA damage,
leads to a more attenuated expression of the disease by a recessive inheritance.

Keywords AFAP • APC • Dominant inheritance • FAP • Genotype–phenotype
correlation • Germline mutations • MUTYH • Recessive inheritance

Genetic and Clinical Features of
Familial Adenomatous Polyposis
(FAP) and Attenuated FAP

Mauro Risio and Tiziana Venesio

4

4.1 Introduction

Information and insights into the molecular pathogen-
esis of colorectal cancer have illuminated our general
knowledge of human cancer genetics. Much of this has
been catalyzed by the identification and characteriza-
tion of probands and families affected by hereditary
forms of colorectal cancer.

Among these, familial adenomatous polyposis
(FAP) syndrome has served as a model to elucidate the
molecular steps involved in the adenoma–carcinoma

sequence, a paradigmatic colorectal initiation and
progression process which involves most of the
sporadic colorectal tumors and is characterized by
mutations on three tumor-suppressor genes, APC,
SMAD4, and p53, gain of function of one oncogene,
KRAS, and acquisition of an aneuploid/polyploid kary-
otype [1].

FAP (OMIM 175100) accounts for about 1% of all
colorectal cancer cases. It is a distinctive syndrome,
both clinically and genetically, characterized by the
presence of hundreds to thousands of adenomas in the
colon and rectum. This generally leads to a malignant
degeneration by the age of 40 to 50 years. In addition
to colorectal polyps, which are prevalently adenomas,
extraintestinal manifestations have also been reported:
gastric fundic and duodenal polyps, and increased risk

G.G. Delaini, T. Skřička, G. Colucci (eds.), Intestinal Polyps and Polyposis, 47
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of malignancy of the brain (glioblastoma), thyroid
gland (papillary carcinoma), and liver (hepatoblas-
toma). Other diagnostically important extraintestinal
features of FAP include retinal lesions, known as
congenital hypertrophy of the retinal pigment epithe-
lium (CHRPE), found in 60–90% of FAP patients,
epidermoid cysts, osteomas, and dental anomalies in
about one-third of patients. Overall, individuals
affected by this syndrome can be heterogeneous in
relation to the number of adenomas and the presence
of carcinomas.

In the last decade, studies performed to investigate
the genotype–phenotype correlation have evidenced a
subset of familial polyposis patients with a distinctive
phenotype characterized by a lower number of
colorectal adenomas (generally fewer than 100), a later
onset of colorectal adenomatosis and carcinoma, and
an extremely limited expression of extracolonic mani-
festations. This phenotype has been termed attenuated
familial adenomatous polyposis (AFAP). After some
revisions, a kind of consensus has been reached on a
definition for AFAP, but its incidence and frequency
are still unknown and vary between the different
studies [2].

According to data in the literature, the genetic cause
of this syndrome can be found in about 70–80% of FAP
cases, but in no more than 30–40% of AFAP patients.
Both the classical and attenuated form are mainly asso-
ciated with the APC and MUTYH genes, but APC
germline alterations are highly prevalent in FAP (up to
70% of the cases), whereas MUTYH constitutional
mutations are more frequent in AFAP (20–30% of
MUTYH versus 10% of APC). These percentages are
only indicative, and depend on the selection of patients
and on the type of molecular approach used in different
studies to screen for germline mutations.

Although both these genes are associated with the
transmission of familial polyposis, the pattern of inher-
itance and the role exerted in sustaining the initiation
and progression of colorectal epithelial cells are
considerably different. APC is a well-known tumor-
suppressor with a key and specific role in both inher-
ited and sporadic colorectal tumorigenesis, acting by
controlling the activation of the Wnt signaling
pathway. MUTYH belongs to a DNA repair system,
BER, important in repairing oxidative DNA damage,
which is particularly active, but not specific for
colorectal epithelial cells. APC is linked to familial
polyposis by an autosomal dominant pattern of inheri-

tance, while MUTYH segregates in these families
according to an autosomal recessive model.

4.2 The Adenomatous Polyposis

Associated with APC: Dominant

Inheritance

In 1991 the identification of a constitutional deletion
on chromosome 5q in a patient affected by polyposis,
and the subsequent familial linkage analysis, led to the
cloning of the Adenomatous Polyposis Coli (APC)
gene [3,4]. Since then, germline alterations of this
gene have been found to be associated with 80% of
cases affected by the classical FAP and with 10% of
patients with the attenuated form of the syndrome
(AFAP).

APC contains 15 exons (ORF of 8538 nucleotides),
with exon 15 forming 75% of the coding region
(6.5 Kb), and encodes a protein of 2843 amino acids.
Its protein product occurs in several isoforms as a
result of alternative splicings, mainly in the first 14
exons [5]. Since its identification, APC has been
demonstrated to be a tumor-suppressor gene with a
“gatekeeper” function in the initiation of colorectal
tumorigenesis [6]. APC is a tumor-suppressor gene
playing a key role in the Wnt signaling pathway where
it binds and controls the degradation of β-catenin
within the cell cytoplasm. Germline or somatic APC
mutations render cytoplasmic β-catenin stable,
resulting in its nuclear translocation where certain
target genes, involved mainly in the control of cell
proliferation and differentiation, such as C-MYC and
cyclin-D1, are activated transcriptionally. This gene
contains several domains to allow oligodimerization
and interaction with several other molecules. In addi-
tion to β-catenin, GSK3-β, axin-conductin, tubulin,
and EB-1 have been reported as major partners. APC
protein takes part, directly or indirectly, in several cell
functions: proliferation and differentiation via the Wnt
pathway, cell–cell contact by modulating the complex
β-catenin/e-cadherin, movement along the intestinal
crypts by controlling the accumulation of β-catenin
along the cell membranes, chromosomal segregation
by binding with the checkpoint proteins Bub1 and
Bub3, and also transcription-independent apoptosis by
caspase cleavage of APC itself.

To date, 800 different APC mutations have been
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reported [7]. Most (about 90%) of the identified
germline alterations are truncations due to nonsense
mutations or insertions/deletions of a few nucleotides
along the APC coding sequence, including the
acceptor/donor splice sites at the intron/exon bound-
aries. Genetic testing has exploited the notion of the
highly preponderant presence of truncating germline
mutations by using an in vitro transcription/transla-

tional assay (protein truncation test or PTT) to detect
truncated APC protein [8]. Although these mutations
can be scattered throughout the entire gene, they
generally tend to cluster in exon 15, mainly in the
central region of the gene, also known as the mutation
cluster region (MCR), where the amino acid motifs,
involved in the binding with β-catenin, are located
between codons 1290 and 1400 (Fig. 4.1a). The

a

b

Fig. 4.1a,b The APC germline mutations. a The frequency and the distribution of APC germline mutations as reported in the APC
Mutation Database (hptt://perso.curie.fr) by T. Soussi. Truncating mutations are distributed along the gene with a cluster in the
central part of APC, with two “hot spots” on codons 1061 and 1309. b The APC genotype–phenotype correlation. Reproduced from
[13], with permission from Oxford University Press
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remaining subset of APC constitutional alterations
identified so far (about 10%) is composed chiefly of
intragenic or whole-gene deletions, and very few
missense variants [9,10]. The preponderance of these
types of alterations could be slightly underestimated
since most of the molecular screenings performed on
the APC gene have been focused on the search for
truncating mutations. Recently, the detection of these
kinds of alteration has been improved by the introduc-
tion in molecular diagnostics of multiplex ligation-
dependent probe amplification (MLPA) to detect the
partial and/or the complete loss of the gene, and denat-
urating high-performance liquid chromotography
(dHPLC), specifically aiming to detect missense vari-
ants [11,12].

According to the autosomal dominant model,
susceptibility to polyposis is inherited from one
affected parent through the passage of his/her mutant
allele to the offspring. Onset of the disease (appear-
ance of adenomas) starts when the second wild-type
APC allele undergoes inactivation in the epithelial
cells of the colon. However, about 30% of APC poly-
posis seems to be sporadic since affected individuals
are carriers of de novo mutations, acquired in parental
germinal cells (especially male) or during embryo
development. The penetrance of the APC mutations is
100%, meaning that all individuals carrying a germline
mutation will develop the syndrome, although with a
phenotype (age, number of adenomas, presence of
carcinoma and/or extracolonic manifestations etc) that
could vary in accordance with the type of constitu-
tional mutation.

In fact, genotype–phenotype correlations have been
reported with regard to the site of the truncating
germline mutations within the APC gene (Fig. 4.1b).
Generally, mutations located in the central part of the
gene, between codons 1000 and 1400, are associated
with the classical form of polyposis (FAP), whereas
constitutional mutations occurring in the 5' (codons
78–167, exons 3,4) region, between codons 311 and
411 (alternatively spliced region of exon 9), and in the
3' (after codon 1595) region give an attenuated poly-
posis phenotype (Fig. 4.2a) [2]. Some of the alter-
ations are related to the presence of extracolonic mani-
festations: mutations between codons 457 and 1444
can be associated with CHRPE, while osteomas and
desmoid tumors are associated with mutations after
codon 1400 [13].

Several models of APC function and corresponding

phenotype have been developed, but no single model
explains all current data. The “dominant negative
model” assumes that the mutated APC alleles act in a
dominant way because the truncated protein forms a
homodimer with the wild-type allele product. This
interaction lowers or abolishes tumor-suppressor
activity, leaving only a few homodimers with normal
function. According to this model, mutations located at
the 5' end prevent interaction between mutated and
wild-type APC, allowing residual normal gene activity
as in the attenuated phenotype; at the same time,
patients with mutations at the 3' end of the gene give
an AFAP phenotype because the mutant allele gener-
ates an unstable product that does not interact with the
wild-type protein [14,15].

In general, large deletions and missense variants
have been found to be more frequently associated with
the classical phenotype, whereas mutations at splice
junctions and the abnormal expression of mRNA
isoforms are more related to an attenuated form of the
disease [16–18]. However, patients affected by all
these type of alteration have been reported in both
classical and attenuated groups, confirming that the
phenotype is due more to the specific gene dosage
effect of each APC alteration than to the different
classes of mutation.

Phenotype variations can also occur as a result of a
somatic mosaicism, which is defined as the co-pres-
ence in the same tissue of two genetically different cell
populations. In FAP this type of somatic alteration is
due to de novo mutations of the APC gene, arising
during embryo development, and could probably
account for 20% of sporadic polyposis cases. In some
of these patients, an AFAP phenotype has been
observed despite the presence of APC mutations asso-
ciated with classical forms of FAP [19,20]. In any
case, independently of the position or the type of the
APC alteration, FAP/AFAP families are sometimes
characterized by a considerable heterogeneity, and
affected offspring, carriers of the same constitutional
mutations, can show a variable disease phenotype with
respect to the age of onset, the number of adenomas,
and the presence of carcinoma. Mouse models have
shown that these variations can be attributed to envi-
ronmental and genetic modifier factors. However, at
present, case-control studies have not provided conclu-
sive results even if some good candidates have been
identified such as the corresponding mouse Mom1 and
Mom2, on 1p35–36 (phospholipase or PLA2G2) and
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Fig. 4.2a,b The APC mutations in AFAP and the second hit; a, the list of the truncating mutations identified in AFAP patients. These
alterations are located in exons 3, 4, 9 and in the 3' part of exons 15 [14–16]; b, the “just-right signaling model”. The somatic alter-
ation on the wild-type allele is selected according to the position of the first germline mutation to allow the upregulation of β-catenin
for Wnt pathway activation. Figure 4.2a reproduced from [2], with permission from Kluwer Academic Publisher; Figure 4.2b repro-
duced from [6], with permission from Macmillan Publishers Ltd

a

Mutation location Authors Year

Mutations at the 5° end
exon 3 Spirio et al. 1993
codon 208 Ficari et al. 2000
exons 3 + 4 Samowitz et al. 1995
codon 175 Iwama et al. 1999
exon 4 Kuwada et al. 2001
codon 157–175 Enomoto et al. 2000
codon 233 Smith-Ravin et al. 1994
prox. of codon 158 Giardiello et al. 1997
codon 99 Dobbie et al. 1994
codon 151 Dobbie et al. 1994
intron 3 Spirio et al. 1999
codon 163 Soravia et al. 1998

Mutations in exon 9
exon 9 van der Luijt et al. 1995
codon 398 Young et al. 1998
APC-as9 Su et al. 2000
exon 9 Curia et al. 1998
codon 366 Bunyan et al. 1995
codon 363 Rozen et al. 1999
codon 332 Soravia et al. 1998
codon 332 Lamlum et al. 2000
codon 332 Andreutti-Zaugg et al. 1999
codon 394 Lamlum et al. 2000
intron 9 Varesco et al. 1994

Mutations at the 3° end
codon 1597 Friedl et al. 1996
codon 1062 Scarano et al. 1999
codon 1979 Brensiger et al. 1998
codon 2644 Brensiger et al. 1998
codon 1581 Friedl et al. 1996
codon 2643 + 2644 Couture et al. 2000
codon 1860–1862 van der Luijt et al. 1997, 1995, 1996
codon 2662 Matsubara et al. 2000
codon 1924 Eccles et al. 1996
codon 1924 Lamlum et al. 2000
codon 1942 Lamlum et al. 2000

b
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18q21–23, respectively, and N-acetyl transferases,
Nat1 and Nat2, on 8p22.

According to the classical tumor-suppressor gene
model, APC is expected to initiate colorectal progres-
sion when both alleles are inactivated. This mecha-
nism has been widely investigated by using lesions
derived from FAP/AFAP patients, carriers of charac-
terized constitutional mutations. This analysis has
evidenced that the somatic alteration affecting the
wild-type allele is not independent of the first germline
mutation but it occurs in such a way that one of the
alterations truncates the protein in the β-catenin-
binding domain. This type of truncating mutation
would be selected since it allows the APC heterodimer
to achieve the optimum level of β-catenin for tumor
cell growth. Such a mechanism has been called “the
just-right signaling model” (Fig 4.2b) [21]. Phenotype
variability between FAP and AFAP and intra/inter
AFAP has also been explained by the type of acquired
somatic alterations in the adenomas. The optimum
β-catenin level is easily reached in the adenomas of
most FAP patients since they are frequently carriers of
“suitable” germline mutations in the MCR; on the other
hand, adenomas of AFAP patients can only acquire
advantageous mutations on the β-catenin-binding
domain later, by somatic alterations. In some cases,
initiation of tumor growth can require the involvement
of two somatic hits, which can affect both the wild-type
and the mutant allele by loss or mutation. This mecha-
nism, termed the “three hit model”, can explain the
heterogeneity of the phenotype on the different statis-
tical chance that adenomas have to acquire the “right”
APC mutation to upregulate the level of β-catenin and
progress in the transformation [22].

4.3 The Adenomatous Polyposis

Associated with MUTYH: Recessive

Inheritance

In 2002 Al-Tassan and colleagues at the University of
Wales in Cardiff showed, in a landmark study, that
familial polyposis could be linked to a gene of the base
excision repair (BER), MUTYH, via the autosomal
recessive model [23].

This finding originated from the study of a British
family (family N) with three siblings affected by
multiple colorectal adenomas and carcinoma, but
without evident vertical transmission of the disease.

Analysis of the entire APC open reading frame (ORF)
by using sequencing of constitutional DNA samples
from two of the affected brothers, had excluded
germline alteration of this tumor-suppressor gene
segregating with the disease. However, a further exam-
ination of adenomas and colorectal tumors from family
N evidenced a high proportion of somatic G:C �T:A
mutations in APC. Since somatic G�T transversions
are characteristically associated with a mutator pheno-
type, lacking proficient oxidative damage repair, the
investigators examined the three genes of the human
BER system at the constitutional level (MUTYH,
OGG1, and MTH1). This analysis showed that the
affected brothers were all germline compound
heterozygotes for the missense variants Y165C and
G382D in MUTYH (previously known as hMYH or
MYH) (Fig 4.3a) [23]. BER is committed to repair
oxidative damage originating as a byproduct of normal
cellular metabolism or from an extrinsic source,
including reactive oxygen species (ROS) and methyla-
tion, a type of damage that is particularly prevalent in
the colon. This generally results in a DNA adduct, 8-
oxo-G, that can mispair with adenine during subse-
quent DNA replication, and cause G:C�T:A transver-
sion. The products of MUTYH, OGG1, and MTH1
cooperate to prevent the fixation of these lesions. In
this system, MUTYH, being an adenine-specific DNA
glycosylase, acts by specifically removing adenines
mispaired with 8-oxo-G. MUTYH is a 7.1 Kb gene,
mapping between 1p32.1 and p34.3, in a region
frequently affected by chromosomal rearrangements in
colorectal tumorigenesis, and composed of 16 exons.
MUTYH belongs to the group of genes involved in
maintaining DNA integrity, thus it can be ascribed to
the group of “caretaker” genes, which comprise the
mismatch repair (MMR) genes, BRCA1 and BRCA2.
The ORF of full-length MUTYH translates into a 535-
amino acid (aa) protein, characterized by key
conserved domains for DNA binding, such as a
helix–hairpin–helix domain (HhH-GPD) (aa114–273),
an adenine recognition motif (aa 255–273), and the
MutT-like (NUDIX) domain (aa 354–486). In addi-
tion, the product of MUTYH shows interaction sites for
PCNA (aa 509–527), APE1 (aa 295–317), MSH6
(aa232–254), and RPA (aa 8–31), as well as the puta-
tive mitochondrial (MLS, 1–14) and nuclear targeting
signals (NLS, 505–509) [24]. Recent structural studies
have contributed to understanding of the glycosylase
activity of MUTYH, but it still remains to clarify its
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involvement in other pathways of DNA repair by the
interaction with MSH6, APE1, and PCNA.

Current information can allow assessment of a
unique role for MUTYH among the BER enzymes in

recognizing/removing a mismatch between a damaged
8-oxo-G and a normal adenine. In this regard the inter-
action with the MMR heterodimer MSH2/MSH6, via
MSH6, has been shown to improve these activities

Fig. 4.3a,b The MUTYH germline mutations. a The pedigree of Family N. The three affected brothers were found to be carriers of
the same MUTYH bi-allelic gemline mutations, Y165C and G382D, on exon 7 and 13, respectively. b Spectrum and distribution of
all MUTYH variants. Missense variants proven or likely to be pathogenetic are in bold. Figure 4.3a reproduced from [23], with
permission from Macmillan Publishers Ltd; Figure 4.3b reproduced from [29], with permission from Elsevier

a

b
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[25]. On the other hand, the binding with AP endonu-
clease, PCNA, and RPA suggests a function also in
long-patch BER and in replication-coupled repair [26].
MUTYH also exerts its repairing activity efficiently in
mitochondria. These organelles need an effective
means of repairing their DNA because of the abundant
8-oxo-G lesions caused by exposure to a high level of
endogenous ROS [24].

To date, bi-allelic germline mutations of MUTYH
have been reported in approximately 25% of polyposis
patients, negative for inherited APC alterations, from
different areas of Europe, North America, and Asia,
with FAP-like and AFAP-like phenotypes. According
to the model of autosomal recessive segregation, none
of these patients’ families showed vertical transmis-
sion of the syndrome, with many of the cases being
apparently sporadic. As far as the colorectal pheno-
type, MUTYH-associated polyposis or MAP can
resemble both AFAP (10–100 adenomas) and FAP
(100–300 adenomas), but not severe FAP (>1000
adenomas) [27,28]. The data from molecular screen-
ings, performed during the last 5 years, suggest that, at
presentation, a common MAP patient is generally
middle-aged (median age 50 years) with between 40
and 50 adenomas. In 50% of these cases, a colorectal
cancer is already reported and, sometimes, the pres-
ence of this neoplasia is associated with few or no
macroscopic adenomas. Apart from 10–15% of the
patients with duodenal polyps, extracolonic manifesta-
tions are extremely rare [29]. An almost exclusive
colorectal phenotype in individuals with an impaired
constitutional MUTYH can be partly explained by the
high level of oxidative damage occurring in the bowel.
An additional proposed factor concerns the two bases
immediately 3' to the mutated G that have been shown
to be almost always AA. APC, the gatekeeper of
colorectal transformation, seems to be particularly
prone to undergoing G�T transversions since it has
216 GAA sequences. In contrast, key genes controlling
the transformation of other tissues, subjected to oxida-
tive damage, have considerably fewer target GAA
sequences. This is the case for TP53, RB1, NF1, or
VHL for lung, brain, retina, and kidney tumorigenesis
[29].

To date, the mutations Y165C and G382D have
been reported as homozygous or compound heterozy-
gous in approximately 80% of MAP patients.
However, a considerable spectrum of several other
variants, scattered throughout the entire gene, has been

identified: 30 mutations predicted to truncate the
protein (nonsense substitutions, small insertions/dele-
tions, and splice site variants), 52 missense variants,
and three small inframe insertion/deletions (Fig. 4.3b)
[30,31]. This means that Y165C and G382D can be
frequently detected as compound hetererozygous in
association with other mutations, and 20% of the cases
segregate the syndrome with two alternative bi-allelic
mutations. Although most of the variants are rare, the
recurrence of few specific mutations has been
observed in different populations, such as
1395delGGA in Italian, 1186–1187insGG in
Portugese, P391L in Dutch, or E466X in Gujarati
families. The large spectrum of genomic variants iden-
tified in different geographical areas makes it neces-
sary to adopt a mutational analysis screening covering
the entire coding sequence as well as the flanking
sequence of the splice site junctions. This is generally
achieved by using dHPLC and direct sequencing.
Overall, 70–80% of the patients carrying bi-allelic
germline mutations in MUTYH show an attenuated
polyposis, but no clear genotype–phenotype correla-
tion has been evidenced. Differently from polyposis
associated with APC mutations, in this case the pheno-
type results from the interaction of the products from
two mutant alleles. Unfortunately, at present, func-
tional studies are only available for few missense vari-
ants (including Y165C, R227W, V232F, G382D, and
A459D), and crystal structures have been limited
mainly to some domains of MUTYH.

Genetic testing of the MUTYH gene often shows the
presence of constitutive variants of uncertain patho-
genic significance or of mono-allelic mutations; in the
latter case it is impossible to determine whether the
mutation is responsible for the development of pheno-
typic manifestations, or whether another MUTYH
mutation, not detectable with routine techniques, is
present. Such results leave open questions about diag-
nostic and counseling management of the patients in
whom they are detected.

The MUTYH gene produces three major classes of
mRNA isoforms, each of which is also alternatively
spliced, suggesting up to ten possible transcripts.
These isoforms can differentially target the nucleus or
the mitochondria, where an efficient BER is required
for the high amount of 8-oxo-G lesions originating
from exposure to ROS (Fig. 4.4a) [24]. Although these
transcript variants are evident, the relative distribution
of the isoforms, the immunological detection, and the
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function of each transcript are poorly known.
However, in vitro studies have shown that the subcel-
lular expression of different MUTYH transcripts can
physiologically vary in rat neuronal cells according to
the brain development, being mainly nuclear when the
neurons are actively proliferating, and primarily cyto-
plasmatic in post-mitotic cells [32]. In line with other
well-known genetic syndromes, an altered ratio of the
different transcripts could affect in some way the func-
tion of the normal protein product, even in the absence
of “canonical” mutations, and, in the long term, affect
the phenotype of the disease. Although the characteri-
zation of MUTYH expression is still ongoing, in poly-
posis patients carrying different bi-allelic germline
mutations, there is a disappearance of normal staining

from the nucleus and segregation of the immunoreac-
tivity in the cytoplasm in both neoplastic tissue and the
surrounding normal mucosa (Fig. 4.4b,c) [33]. At
present, this analysis is helpful for investigating geno-
type–phenotype correlation, but in the future, if vali-
dated on a considerable number of different types of
mutations, could be adopted as diagnostic tool to
screen for patient carriers of bi-allelic MUTYH
germline mutations.

It has been proposed that the accumulation of G�T
transversions in APC cause MUTYH-driven carcino-
genesis to follow the adenoma–carcinoma sequence,
but specific features of MAP have been evidenced
[34,35]. As reported for other lesions subjected to a
high oxidative damage, such as lung or ovary cancers,

Fig. 4.4a-c The MUTYH isoforms and protein expression in MAP adenomas. a The characteristics of the human MUTYH isoforms.
AUG 1, 2, 3 transcription starts. NLS and MLS, nuclear and mitochondrial targeting signals. b Nuclear and cytoplasmic immunore-
activity of MUTYH protein in colonocytes of normal mucosa (magnification 40×). c Strong cytoplasmic immunoreactivity and
absence of nuclear expression of MUTYH protein in normal mucosa of a patient with a biallelic MUTYH mutation (magnification
40×). Figure 4.4a reproduced from [24], with permission from Birkhäuser Verlag AG, Basel

a

b

Isoform Amino acids AUG 1, 2 or 3 Probable cellular location Comments

Type 1 MutYα1 546 aa 1 mitochondira 33bp insert
MutYα2 536 aa 1 mitochondira 3bp CAG insert
MutYα3a 535 aa 1 mitochondira same as Slupska et al. [17]

Type 2 MutYα4 429 aa 3 nucleus similar to MutYg4 isoform
MutYβ1 532 aa 2 nucleus same 33-bp insert as MutYa1
MutYβ3 521 aa 2 nucleus similar to MutYg3 isoform
MutYβ5 521 aa 2 nucleus
MutYγ2 522 aa 2 nucleus
MutYγ3 521 aa 2 nucleus similar to MutYb3 isoform
MutYgγ4 429 aa 3 nucleus similar to MutYa4 isoform

a Reference Sample.
AUG 1, 2 or 3, from which translation starts; NLS, residues 505–509; MLS, residues 1–14.
cDNA not drawn to scale.

c

AUG 1  AUG2 AUG3

MLS NLS

MutY
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the higher frequency of G�T transversions has been
found on codon 12 of KRAS (about 40% of the tested
lesions). Moreover, no mutations have been reported
in p53 or SMAD4, which are frequently altered in the
adenoma–carcinoma sequence, and aneuploidies, such
as loss of 1p, 17, 19, and 22 or duplication of 7 and 13,
are more common in MAP than in FAP (80% versus
60%). On the other hand, features associated with
other pathways of colorectal tumorigenesis can be
excluded, since neither microsatellite instability nor
BRAF mutations were detected. Overall, the full
genetic pathway of MAP tumorigenesis has not yet
been elucidated, and knowledge of the effects of BER
inactivation on neoplastic transformation is still
limited.

4.4 Conclusion

APC and MUTYH are associated with most of the
adenomatous polyposis cases identified so far, but
with an important difference since APC germline alter-
ations lead to a more severe phenotype, while MUTYH
constitutional mutations lead to an attenuated expres-
sion of the disease. The structure and function of these
two genes indicate that there are two alternative ways
of polyposis tumorigenesis and explain much of the
heterogeneity of this syndrome.

APC and MUTYH mutation-negative FAP is a
numerical limited subset of cases (probably no more
than 10%). It is conceivable that in the future an accu-
rate mutation analysis, also including MLPA and
allelic mRNA expression, could allow identification of
these non-conventional alterations in linkage with the
disease. Recently, germline mutation in AXIN2, a Wnt
signaling regulator, has been found in 4% of selected
Finnish FAP patients, proved to be negative for APC
and MUTYH mutations [10]. To date, no other candi-
date has been identified.

In the future, adenomatous polyposis investigation,
both genetically and clinically, will be more focused
on germline mutation-negative AFAP. This concerns
mainly MUTYH. Assessment of the genetic etiology of
these patients will be improved by in vitro functional
analysis and by investigation of non-conventional
mutation of this gene. On the other hand, the character-
ization and identification of low-penetrant alleles will
allow identification of other inherited attenuated poly-
posis from familial and sporadic cases, and lead to an

understanding of the complex modulation of a variable
phenotype.
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Abstract The rare gastrointestinal polyposis syndromes are a group of disorders
characterized by the presence of multiple polyps in the gastrointestinal tract, associa-
ted in some cases with extraintestinal manifestations. These syndromes can be
inherited or non-inherited. The first group includes, on the basis of polyp
histopathology, adenomatous polyposis (familial adenomatous polyposis (FAP) vari-
ants like Gardner’s syndrome and Turcot’s syndrome) and hamartomatous polyposis
(Juvenile Polyposis syndrome, Peutz–Jeghers syndrome, Cowden’s disease, and
Bannayan–Ryley–Ruvalcaba syndrome), while the second group includes
Cronkhite–Canada syndrome and Hyperplastic polyposis.

The molecular genetics have not been well defined for all the syndromes.
However, these conditions present variable risk of gastrointestinal and extraintestinal
invasive malignancy. Therefore management and surveillance programs are different
for each syndrome.

Keywords Adenomatous polyposis • APC • Bannayan–Ryley–Ruvalcaba syndrome •
Cowden’s disease • Cronkhite–Canada syndrome • Desmoid tumor • Gardner’s
syndrome • Hamartomatous polyposis • Hyperplastic polyposis • Juvenile polyposis
syndrome • PTEN • Peutz–Jeghers syndrome • Serrated adenoma • SMAD-4 •
LKB1/STK11 • Trichilemmoma • Turcot’s syndrome

Not Only FAP

Other Rare Polyposis Syndromes
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5

5.1 Introduction

The rare gastrointestinal polyposis syndromes, inher-
ited and non-inherited, are a group of disorders charac-
terized by the presence of multiple polyps in the
gastrointestinal tract, with or without extraintestinal
manifestations, and can have devastating clinical
effects, particularly if diagnosis and treatment are
delayed.

5.2 Inherited Polyposis Syndromes

These syndromes are classified as adenomatous or
hamartomatous based on the main histopathologic
features (Table 5.1).

5.2.1 Adenomatous Polyposis Syndromes

The vast majority of publications regarding gastroin-
testinal polyps are dedicated to adenomatous polyps.
Adenomatous polyposis syndromes are characterized
by benign epithelial neoplasms arising from or
forming glandular-type elements [1]. The increased
risk of malignant degeneration associated with these
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syndromes is thought to be secondary to progression
through the “adenoma-carcinoma” sequence initially
outlined by Vogelstein and Kinzler [2].

The better-known adenomatous polyposis are the
familial adenomatous polyposes (classical and attenu-
ated FAP) and its rare variants [Gardner’s syndrome
(GS) and Turcot’s syndrome (TS)].

5.2.1.1 Gardner’s syndrome

GS is characterized by autosomally dominant inher-
ited adenomatous polyposis of the colon, and colon
carcinoma, and is associated with extracolonic lesions.
Extracolonic polyps are observed in 5–7% of cases and
involve mainly the stomach and duodenum. GS is
caused by the same mutation of the APC gene as FAP,
with a 100% penetrance. The clinical and radiological
features of GS are identical to those of FAP. The extra-
colonic lesions observed in GS include: multiple
osteomas, dental abnormalities, multiple epidermoid
cysts, and soft fibromas of the skin, desmoid tumors,
and mesenteric fibromatosis. These extracolonic
lesions present in various ways among different
affected families, but the genetic basis for this variable
expression is still unknown. The osteomas normally
cause no clinical symptoms and have no malignant
potential. They may precede the appearance of poly-
posis of the gastrointestinal tract.

Main clinical features of Gardner’s syndrome:
• Adenomatous polyposis of the gastroin-

testinal tract
• Multiple osteomas
• Dental abnormalities
• Multiple epidermoid cysts
• Skin fibromas
• Desmoid tumors
• Mesenteric fibromatosis

The osteomas are dense cortical lesions, varying in
number, seen most commonly in the angle of the
mandible, the sinuses, and the outer part of the skull.
The size of the osteomas may vary from pinpoint to
several centimeters in diameter. Another feature may
be diffuse cortical thickening of the long bones [3].

Desmoids are benign, non-inflammatory fibrob-
lastic tumors with a tendency to local invasion and
recurrence but without metastasis; in GS they are
mostly seen postoperatively, when they develop in the
surgical scar. Frequent locations are the abdominal
wall, the root of the mesentery, and the retroperi-
toneum. Desmoid tumors typically arise from fascial
and musculoaponeurotic structures, they have a band-
like or tendon-like consistency, and are mostly well
circumscribed but not encapsulated. Histologically, the
lesions consist of well-differentiated and richly vascu-
larized collagen and fibrous tissue.

In many patients the tumors will not cause clinical
symptoms, but it is not uncommon for desmoids
located in the mesentery to provoke intestinal obstruc-
tion, due to extension into the bowel wall.

On ultrasound, desmoids present as homogeneous
anechoic or hypoechoic masses. On computed tomog-
raphy (CT) most abdominal desmoids present as well-
circumscribed masses, but in a minority of patients
they are ill-defined with fuzzy borders. On precontrast
scan, most are relatively homogeneously or focally
hyperattenuating, compared to soft tissue. This hyper-
attenuation may reflect in part the high physical
density of collagen, since no calcium has been demon-
strated in these tumors. Most desmoids will clearly
enhance following intravenous contrast medium,
which can be explained by their rich capillary vascu-
larization.

On magnetic resonance imaging (MRI), desmoids
will typically show a low-intensity signal on both
T1-weighted and T2-weighted scans. The multiplanar
capabilities of MRI are helpful in defining the exact
extent and origin of the lesion.

When any suggestive signs or symptoms are
present, patients with GS should usually undergo radio-
logic follow-up, which can show even small mesen-
teric desmoid tumors.

In a minority of families a mutation cannot be iden-
tified, and so annual flexible sigmoidoscopy should be
offered to at-risk family members from the age of
13–15 years until 30 years, and at 3–5-year intervals
until the age of 60 years.

Table 5.1 Categories of rare inherited polyposis syndromes
and their genetic mutations

Syndromes Mutations

Adenomatous polyposis
Gardner’s syndrome APC
Turcot’s syndrome APC, MMR

Hamartomatous polyposis
Juvenile Polyposis syndrome PTEN, SMAD-4
Peutz–Jeghers syndrome LKB1/STK11
Cowden’s disease PTEN
Bannayan–Ryley–Ruvalcaba syndrome PTEN
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Surveillance might also be offered as a temporary
measure for people who have documented APC gene
mutations but wish to defer prophylactic surgery for
personal reasons. Such individuals should be offered
six-monthly flexible sigmoidoscopy and annual
colonoscopy, but surgery before 25 years of age
should be strongly recommended. After colectomy and
ileorectal anastomosis, the rectum must be kept under
review at least annually for life because the risk of
cancer in the retained rectum is 12–29%. After restora-
tive proctocolectomy, the anorectal cuff should also be
kept under annual review for life.

Periampullary and duodenal carcinoma, as well as
papillary carcinoma of the thyroid, occur more
frequently in patients with GS. Three-yearly upper-
gastrointestinal endoscopy is recommended from the
age of 30 years, with the aim of detecting early curable
cancers [4].

5.2.1.2 Turcot’s Syndrome

TS is a rare hereditary disorder, in which central
nervous system tumors (usually gliomas and medul-
loblastomas) are associated with colonic adenomatous
polyposis. Café-au-lait spots, cutaneous port wine
stain, as well as focal nodular hyperplasia, have been
reported as associated anomalies.

Recent molecular evidence suggests that TS could
be divided into the following two entities based on the
distinct genetic backgrounds:
1. true Turcot’s syndrome (autosomal recessive):

intestinal polyps are fewer in number (<100), large
in size, and apt to transform to the malignant tumor.
Brain tumor is mainly diagnosed as glioblastoma or
astrocytoma, and mismatch repair genes might be
involved;

2. FAP-associated type (autosomal dominant): predis-
posing to medulloblastoma.
Extraintestinal manifestations of GS have been

reported in patients belonging to the FAP-associated
type (Table 5.2) [5].

The mode of inheritance of TS is controversial;

some authors support autosomal recessive inheritance,
and others an autosomal dominant pattern. TS can be
associated with two different types of germline genetic
defects: mutation of the APC gene that is usually found
in FAP, or mutation of a mismatch-repair gene that is
usually found in hereditary non-polyposis colorectal
cancer [6–12].

5.2.2 Hamartomatous Polyposis

Syndromes

Conversely, hamartomatous polyposis syndromes are
characterized by an overgrowth of cells or tissues
native to the area in which they normally occur [1].
The classic hamartoma syndromes and related condi-
tions show varying degrees of phenotypic and genetic
overlap.

The syndromes associated with hamartomatous
polyposis include the most-frequent Juvenile Poly-
posis syndrome (JPS) and Peutz–Jeghers syndrome
(PJS), and the rare Cowden’s disease (CD) and
Bannayan–Riley–Ruvalcaba syndrome (BRRS) that
are clinically overlapping autosomal dominant geno-
dermatoses characterized by different hamartomatous
lesions involving tissues of ectodermal, mesodermal,
and endodermal origin.

5.2.2.1 Juvenile Polyposis Syndrome

JPS is about ten-fold less common than FAP, with a
frequency of only 1 per 100,000 newborns.

JPS was first described by McColl in 1964 [13]. It
is the most common of the hamartomatous syndromes,
and is inherited in an autosomal dominant manner
(variable penetrance), with approximately 20–50% of
cases having a family history of juvenile polyposis
[14]. The average age of onset is approximately 18
years.

Jass and colleagues [15] classified juvenile polyps
into two main categories: (1) isolated juvenile polyps
of childhood, and (2) juvenile polyposis of the colon or

Table 5.2 Main clinical features of Turcot’s syndrome

True Turcot’s syndrome (autosomal recessive) FAP-associated type (autosomal dominant)

• Adenomatous polyposis of the gastrointestinal tract (<100) • Adenomatous polyposis of the gastrointestinal tract (<100)
• Brain tumor (gliobastoma or astrocytoma) • Brain tumor (medulloblastoma)

• Extraintestinal manifestations of Gardner’s syndrome
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entire gastrointestinal tract. The latter category has a
subgroup, juvenile polyposis of infancy (Table 5.3).

The isolated juvenile polyp of childhood is consid-
ered to be a hamartoma with a low risk of malignancy
[15,16].

The multiple polyps of juvenile polyposis are also
considered hamartomas but have some histologic
features that differ from those of isolated juvenile
polyps. The most important of these features is the
presence of foci of dysplasia.

Isolated juvenile polyps refer to one or more polyps,
not more than five, evenly distributed throughout the
rectum and colon.

The polyps may be either sessile or pedunculated,
they vary in size from 2 mm to greater than 5 cm in
diameter, and are often superficially ulcerated [17].

In infancy, patients present with gastrointestinal
bleeding, either acute or chronic, intussusception,
rectal prolapse, or a protein-losing enteropathy [18].

Congenital anomalies such as hydrocephalus and
pulmonary arteriovenous malformations have a higher
prevalence in the non-familial cases [19–23].

In adulthood, these patients will more commonly
present with gastrointestinal blood loss, either acute or
chronic. Most of these patients will be shown to have
between 50 and 200 polyps, most commonly in the
rectosigmoid region.

Histopatologically, there is a gross infiltration of the
lamina propria by chronic inflammatory cells
(lymphocytes and plasma cells), leading to attenuation
of the underlying smooth muscle layer. Cystic dilation
of glandular-type structures lined, at least initially, by
a normal-appearing columnar epithelium is pathogno-
monic.

JPS was initially thought to be associated with
mutations in the PTEN (phosphatase with tensin
homology) gene (10q22–23) [24–25]. More recently, it
has been shown that germline mutations in the SMAD4
gene (18q21) account for approximately 50% of the
reported familial cases of the syndrome [26]. In partic-
ular, a well-described four-base pair (bp) deletion, can
be used to confirm a clinical diagnosis of JPS. This

gene encodes a cytoplasmic mediator involved in the
transforming growth factor beta (TGF-β) signal trans-
duction pathway. Mutations in the SMAD4 gene
presumably lead to a loss of heteromeric complex
formation and resultant growth inhibition and
neoplastic progression.

The cumulative cancer risk in JPS has been esti-
mated at up to 30% or 50% in the colorectum, and
10% in the upper gastrointestinal tract [27,28]. Patients
with JPS are at increased risk for developing malignant
gastrointestinal tumors. Most cancers are diagnosed in
the second or third decade [15,29,30].

Carcinoma of the stomach, duodenum, and
pancreas has also been reported in patients with juve-
nile polyposis of the entire gastrointestinal tract
[31–33].

The management and surveillance of these individ-
uals is predicated on their increased risk of upper- and
lower-gastrointestinal malignancies.

Large-bowel surveillance for at-risk individuals is
recommended at intervals of one to two years from the
age of 15–18 years, or earlier if the patient presents
with symptoms, and upper-gastrointestinal surveil-
lance from the age of 25 years. Screening intervals
could be extended at the age of 35 years in at-risk indi-
viduals. However, documented gene carriers or
affected individuals should be kept under surveillance
until the age of 70 years, and prophylactic surgery
discussed.

Development of invasive colorectal adenocarci-
noma mandates total abdominal colectomy with ileo-
rectal anastomosis or restorative proctocolectomy,
depending on the extent of rectal polyposis [4].

Like hereditary non-polyposis colorectal cancer
(HNPCC), JPS presents the phenomenon of anticipa-
tion [20]; this relates to the increasing severity of
disease with each successive generation, either by
virtue of an earlier age of onset or a more-severe
phenotype. Although the age of diagnosis is earlier
with successive generations, this can be explained, at
least in part, by a heightened awareness of this condi-
tion among family members.

Table 5.3 Main clinical features of Juvenile Polyposis syndrome

Isolated juvenile polyps of childhood Juvenile Polyposis of entire gastrointestinal tract

• Hamartomatous polyposis (� 5 polyps) • Hamartomatous polyposis (50–200 polyps)
• Pancreatic carcinoma
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5.2.2.2 Peutz–Jeghers Syndrome

PJS is the second most common hamartomatous
syndrome, occurring as an autosomal dominant condi-
tion with variable penetrance. The original description
of this rare hereditary syndrome is credited first to Peutz
in 1921 [34], and then, in 1949, to Jeghers’ description
of cutaneous melanin deposition associated with
gastrointestinal polyposis, neoplasms outside the
alimentary tract, and the risk of invasive carcinoma [35].

The most common location of PJS polyps is the
upper gastrointestinal tract. The jejunum and ileum are
most frequently involved, followed by the duodenum,
colon, and stomach [3]. It is more common for these
polyps to occur in clusters rather than to spread evenly
throughout the bowel. Individual polyps vary in size
and may be either sessile or pedunculated. Larger
lesions characteristically have a lobulated surface [3].

A polyp is a hamartoma, with a smooth-muscle core
arising from the muscularis mucosae and extending
into the polyp, and the mucosa covering the polyp is
similar to the mucosa normally found in that portion of
the gut [2,3].

The initial presentation of a patient with PJS is most
commonly abdominal pain secondary to obstruction or
impending obstruction with polyp intussusception or
gastrointestinal blood loss [36].

Mucocutaneous pigmentation is one of the most
characteristic features and usually appears after the
first or second year of life. Brown or bluish-black
macules occur most commonly on the lips and buccal
mucosa, and less commonly on the eyelids and dorsal
surfaces of the fingers and soles of the feet.

Main clinical features of Peutz–Jeghers
syndrome:
• Hamartomatous polyposis of gastrointestinal

tract
• Mucocutaneous pigmentation
• Pancreatic carcinoma
• Breast carcinoma
• Ovarian carcinoma
• Testicular carcinoma
• Uterine cervix carcinoma

Genetic alterations in the LKB1/STK11 (19p13)
gene are responsible for approximately 50% of the PJS

cases [37]. This gene encodes for a multifunctional
serine-threonine kinase, important in second
messenger signal transduction. The function of this
protein product is likely to be important in growth
inhibition as has been shown with SMAD4 but, unlike
SMAD4, the genetic alterations are confined to the
epithelial component [38].

There is an increased risk of gastrointestinal cancer
(stomach, duodenum, and colon), reported to range
from 2% to 20% [3–10], and extraintestinal malig-
nancy (pancreatic carcinoma, breast carcinoma,
ovarian carcinoma, testicular carcinoma in prepubes-
cent males, and adenoma malignum, a well-differenti-
ated multicystic adenocarcinoma of the uterine cervix)
with prevalence from 10% to 30%, associated with
PJS [39,40].

Pancreatic cancer has a tendency to develop at an
unusually early age, and the risk is estimated to be 100
times that expected in the general population [41,42].
Breast carcinoma is found with increased frequency,
and is usually bilateral and ductal in origin [43].
Screening mammography for women with PJS should
be encouraged, to detect breast carcinoma at an early
stage.

Appropriate surveillance of the proband and first-
degree relatives has not been extensively investigated
or validated because the syndrome is rare and so expe-
rience is limited.

Large-bowel surveillance is recommended at three-
year intervals from the age of 18 years, and upper-
gastrointestinal surveillance is recommended at three-
year intervals from the age of 25 years [4].

Particular attention to the pancreas and reproduc-
tive tract is necessary whenever abdominal or pelvic
imaging is performed in these patients [3].

5.2.2.3 Cowden’s Disease

CD, also named multiple hamartoma syndrome, is a
rare autosomal dominant condition with variable
expression that results from a mutation in the tumor
suppressor gene PTEN on chromosome arm 10q [44].
The syndrome was first described in 1963 by Lloyd
and Dennis who named it according to the patient’s
surname [45]. In a population-based Dutch clinical
epidemiological study, the incidence of CD before
gene identification was estimated to be one in a million
[46,47]. However, after gene identification, this figure
was revised to 1 in 200,000, which is almost certainly
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an understimate [48]. It is slightly more common in
females than in males [49].

The syndrome causes hamartomatous neoplasms of
the skin and mucosa of the gastrointestinal tract,
bones, eyes, and genitourinary tract. Skin lesions, most
frequent in the head and neck area, are facial papules,
oral mucosal papillomatoses, acral keratoses, and
multiple sclerotic fibromas. Eighty per cent of patients
present with dermatologic manifestations, the most
common being a benign tumor of the hair shaft: a
trichilemmoma (benign tumor of the hair follicle
infundibulum).

Other hamartomas include breast fibroadenomas in
70% of affected females, which usually become bilat-
eral, and ductal carcinoma in 30–50% of cases; the age
of onset is 38–40 years, which is earlier than in the
general population [50]. The second most common
area of involvement is the central nervous system. CD
in conjunction with cerebellar gangliocytomatosis is
referred to as Lhermitte–Duclos syndrome.

Thyroid adenomas and multinodular goiter occur in
65% of all patients, while thyroid follicular adenocar-
cinoma has been reported in 3–12% of patients. All
these cases have been in women.

Genitourinary lesions are frequent and include
uterine and cervical carcinomas and transitional cell
carcinoma of the renal pelvis and urinary bladder [47].

Main clinical features of Cowden’s disease:
• Polyposis of the gastrointestinal tract

(hamartoma, adenoma, ganglioneurofi-
broma)

• Mucocutaneous lesions (trichilemmomas,
mucosal papillomatosis, acral keratoses)

• Breast diseases (fibroadenomas, carcinoma)
• Thyroid diseases (multinodular goiter, folli-

cular adenocarcinoma)
• Macrocephaly
• Lhermitte–Duclos disease
• Endometrial carcinoma
• Genitourinary tract malformations or tumors

Gastrointestinal polyps occur in 35–40% of affected
individuals; the polyps are usually sessile, smaller, and
have a less exophytic and arborizing proliferation of
the muscularis mucosae. They are most commonly
located in the rectosigmoid colon, followed, in

decreasing frequency, by the stomach (Fig. 5.1),
duodenum, small bowel (Fig. 5.2), and esophagus, and
show a variety of histopathologic appearances like
hamartomas, adenomas, and ganglioneurofibromas,
particularly in the colon. Often the esophagus presents
small protrusions diagnosed as glycogenic acanthosis,
and in the small bowel lymphangiectasia and lymphoid
polyps can be found.

There has been no reported increased risk of inva-
sive gastrointestinal malignancy to date, but gastroin-
testinal polyps should be assessed by endoscopic
surveillance [51–53].

Fig. 5.1 Gastric polyps in a patient with Cowden’s disease

Fig. 5.2 Jejenum polyp in Cowden’s disease diagnosed by video
capsule endoscopy
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Using the International Cowden Consortium opera-
tional criteria for the diagnosis of CD, germline
region PTEN/MMAC1/TEP1 mutations are identified
in CD families with a frequency of 81% [54]. PTEN is
a tumor suppressor; it is a dual-specificity phos-
phatase that dephosphorylates both protein and lipid
substrates. PTEN is a negative regulator of the
PI3K/AKT signaling pathway that is required for cell
survival and proliferation. PTEN expression leads to
downregulation of AKT activation and increased
apoptosis [55].

Screening and surveillance for breast malignancies
should include monthly self-examination of the
breasts; mammography should be implemented at the
age of 25 years as previously outlined for PJS
syndrome. A thyroid ultrasound may be used in
parallel every 1 to 2 years.

5.2.2.4 Bannayan–Ryley–Ruvalcaba Syndrome

BRRS is an autosomal dominant condition character-
ized by the classic triad of macrocephaly, lipid storage
myopathy, and hyperpigmentation of the skin of the
genitalia [56,57]. CD and BRRS share several muco-
cutaneous features, including tricholemmomas, oral
papillomas, and acral keratoses, while lipomas and
vascular malformations typify BRRS as well as acro-
chordons, acanthosis nigricans, and café-au-lait
macules [54,58]. Other BRRS features are mental
retardation, delayed psychomotor development, and
Hashimoto’s thyroiditis; pseudopapilledema and
amblyopia have also been described in individuals
with BRRS.

Main clinical features of Bannayan–
Ryley–Ruvalcaba syndrome:

• Hamartomatous polyposis of the gastroin-
testinal tract

• Mucocutaneous lesions (hyperpigmentation
of the genitalia, trichilemmomas, acral
keratoses, lipomas)

• Macrocephalia
• Lipid storage myopathy
• Vascular malformations
• Mental retardation
• Hashimoto thyroiditis
• Pseudopapilledema and amblyopia

BRRS presents with gastrointestinal polyps in 45%
of patients; these lesions are hamartomas limited to the
distal part of the ileum and colon.

This syndrome has a PTEN mutation frequency of
50–60%. Furthermore there are CD/BRRS overlap
families; these are associated with a single germline
PTEN mutation, suggesting that they are allelic.
Although patients with BRRS were not originally
considered to have increased risk for cancer, the iden-
tification of germline PTEN mutations in over 50% of
these patients suggests a risk for cancers related to
Cowden syndrome [58–60].

All the gastrointestinal polyposis syndromes
described include small-bowel polyps as part of their
clinical presentation. Video capsule endoscopy (VCE)
is a simple, safe, and non-invasive procedure for the
detection of small-bowel polyps. VCE has been found
to have higher accuracy compared to barium studies,
and similar accuracy compared to MRI for the detec-
tion of large polyps (>15 mm); however, the detection
rate for small (5–15 mm diameter) and diminutive
(<5 mm) polyps is much higher with VCE [61,62].

5.3 Non-Inherited Polyposis Syndromes

In this section we describe unusual entities of non-
inherited, non-adenomatous polyposis syndromes;
little is known about the aetiology or pathogenic mech-
anisms of these diseases.

5.3.1 Cronkhite–Canada Syndrome

The syndrome, first described in 1955, is not familial
and occurs in older adults. Patients of European or
Asian descent are most frequently affected, with an
average age of onset of 60 years, and an age distribu-
tion of 31–86 years [63,64].

The aetiology of this syndrome remains unknown;
some investigators consider that mast cell dysfunction
may play a role in the pathogenesis of this unusual
disease; other proposed theories have included an
infectious cause, nutritional deficiency, and altered
intestinal mucin production [65].

These patients commonly have abdominal pain, a
severe, protein-losing diarrhea, weight loss, anorexia,
nausea, vomiting, and hypogeusia. The physical exami-
nation usually identifies unique ectodermal abnormal-
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ities associated with the disease, such as nail
dystrophy, with thinning, splitting, and separation
from the nailbeds, and alopecia of the scalp and body
hair. Diffuse hyperpigmentation of the skin, mani-
fested by light to dark brown macular lesions, is seen
most frequently on the extremities, face, palms, soles,
and neck [64,66].

The syndrome is distinguished by the diffuse distri-
bution of polyps throughout the entire gastrointestinal
tract, apart from a characteristic sparing of the esoph-
agus. Polyps are usually small and are most commonly
sessile rather than pedunculated. In the stomach,
small-to moderate-sized polyps carpet the mucosal
surface and are usually superimposed on thickened
rugal folds [67].

Histopathologically, polyps are most frequently
described as being of the hamartomatous or juvenile
type, and it is difficult to differentiate between the two
on the basis of histologic criteria alone [64,65,68].

Microscopic examination of the intestinal mucosa
also reveals edema of the lamina propria, cystic dila-
tion of glands, and inflammatory cell infiltration with
mononuclear cells, eosinophils and, in some speci-
mens, mast cells [69].

Complications of the syndrome include potentially
fatal gastrointestinal bleeding, intussusception,
prolapse, electrolyte abnormalities, dehydration,
protein-losing enteropathy, and other nutritional defi-
ciencies due to malabsorption.

The question of whether polyps in Cronkhite–
Canada syndrome possess malignant potential is
controversial; cancers in the stomach and colon have
been reported [70,71].

Treatment includes aggressive nutritional support
with electrolyte replacement and parenteral nutrition.
Most patients, however, do not respond to nutritional
therapy alone, and other treatments are required.
Various antibiotics (ampicillin, tetracycline, metron-
idazole, clindamycin, and trimethoprim-sulfamethoxa-
zole) are used, with remission in up to 40% of cases
when combined with other therapies. Other treatments
are prednisone and hydrocortisone, with complete
response in 33% of cases; partial response is seen in an
additional 22%. Surgical treatment for the complica-
tions of Cronkhite–Canada syndrome has been advo-
cated, as resection of the specific sections of the
gastrointestinal tract that seem to be responsible for
particular complications appears to be beneficial in
some cases [64].

5.3.2 Hyperplastic Polyposis

Hyperplastic polyposis (HPP) was first described in
1980 [72]. Some authors have also referred to it as
metaplastic polyposis [73].

The youngest reported patient with HPP was 11
years of age, but the condition most commonly occurs
in adults during the sixth or seventh decade of life
[74,75].

This condition, which often exhibits familial clus-
tering, is characterized by multiple and/or large hyper-
plastic polyps distributed throughout the colon, and
smaller numbers of coexisting serrated adenomas
(Fig. 5.3), traditional adenomas, and mixed polyps [76].

While these polyps are confined to the large bowel,
they may be found scattered throughout the colon or
localized to the left or right side. Although most soli-
tary hyperplastic polyps are usually only 3–5 mm in
diameter, it is not uncommon for “giant” polyps, more
than 3 cm in diameter, to be encountered in patients
with HPP. Patients with HPP may be asymptomatic or
may present with gastrointestinal bleeding with
resulting anemia, diarrhea, abdominal pain, and weight
loss. Other patients may exhibit symptoms of intestinal
obstruction, which in some cases occurs with polyp-
associated intussusception [72,77]. Polyp numbers
range from 5 to well over 100, with most patients
having between 40 and 100 lesions [78].

This polyposis does not seem to have any consistent
extraintestinal manifestations.

The diagnostic criteria for HPP generally include
the presence of : (1) at least five histologically diag-

Fig. 5.3 Serrated adenoma of the colon in a patient with hyper-
plastic polyposis
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nosed hyperplastic polyps proximal to the sigmoid
colon, of which two are greater than 10 mm in diam-
eter, or (2) any number of hyperplastic polyps prox-
imal to the sigmoid colon in an individual who has a
first-degree relative with HPP, or (3) more than 30
hyperplastic polyps of any size that are distributed
throughout the colon [79].

Initially, HPP was assumed to have no malignant
potential. Subsequently, cases of HPP with synchro-
nous adenocarcinoma have been increasingly reported
and, in the late 1990s, HPP was acknowledged as a
condition carrying an increased risk for malignant
transformation. Individuals with HPP present with
synchronous cancers of the colorectum in approxi-
mately half of cases [80–83]. However, patients with
large, atypical, and dysplastic polyps appear to be at
the highest risk for presenting with a synchronous
colorectal cancer [76].

It was initially thought that this polyposis was not
associated with a family history of HPP or colorectal
cancer in first-degree relatives. However, HPP may
sometimes occur in several members of the same
family, whereas colorectal cancer occurs in 27% of
relatives of individuals with HPP [84–86].

Although the underlying genetic cause of HPP is
currently unknown, a reasonable explanation would
implicate a genetic predisposition (either directly or
indirectly) to hypermethylate multiple gene promoters.

The somatic mutation of BRAF (protein involved in
cellular processes such as proliferation, differentiation,
survival, and apoptosis) and CIMP (CpG island
methylator phenotype) are probably the most impor-
tant changes for subsequent development of cancer
[87–89].

Methylation events, occurring in vulnerable tumor-
suppressor genes, will synergize with somatic onco-
genic activation of BRAF and result in the develop-
ment of serrated premalignant lesions.

Importantly, the discovery of the germline altera-
tion underlying HPP will identify the individuals and
their families who are most at risk for the development
of serrated neoplasia, and then it will be possible to
propose guidelines for management of this polyposis.
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Abstract Colorectal cancer (CRC) is among the leading causes of cancer-related
mortality in Western countries. As for most other cancers, it is likely that CRC repre-
sents an interaction between genetic and environmental factors. Since genetic factors
are a cause in only a minority of cases, environmental factors, particularly diet, are
probably prevalent. Many studies have shown that an increase in meat consumption
produces a clear increase in CRC. However, the difference is mostly in the extreme
classes of meat intake (i.e. between people who eat a large amount of meat every day
and those who hardly ever eat red meat). Moreover, the difference in risk is only
12–17% for an increase of 100 g/day in meat intake, probably not enough in itself to
warrant large-scale campaigns to reduce meat intake. Similar conclusions can be
drawn from the relationship between an increase in fruit, fiber, or milk intake and a
decrease in CRC. However, all the suggested changes move towards a healthier diet,
which also has positive effects on other highly prevalent disorders (cardiovascular,
degenerative, and neoplastic). Sound dietary advice should therefore be offered even
in the absence of formal evidence-based proof.
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6.1 Introduction

Colorectal cancer (CRC) is among the leading causes
of cancer-related mortality in Western countries. The
colon is easily accessible to endoscopic and radiolog-
ical imaging technologies (for example, computerised
axial tomography to obtain the so-called virtual
colonoscopy). In the last decade the hope was that
screening programs (with occult fecal blood) and early
detection of neoplastic lesions in populations at risk
(patients over 50 years, with positive family history of

polyps or CRC, or with inflammatory bowel disease)
may reduce the burden of this disease. The efficacy of
such expensive programs in the reduction of mortality
is still debatable, mainly because the compliance of
most target populations is still far from optimal [1]. It
must also be  considered that screening programs may
easily detect preneoplastic lesions or cancers with an
inherent slow growth, which take long periods to
become invasive, while anaplastic cancers, which are
characterized by an “explosive” growth, may not
benefit from screening programs. Moreover, because
of the high incidence of polyps during screening
colonoscopies or virtual colonoscopies, attempts are
being made to reduce the recurrence of polyps in
screened individuals.

These considerations explain the persistent interest
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in the causes of colonic polyps and their progression to
CRC, in an attempt to limit its occurrence. The
recently reported, small decline in CRC incidence
might indirectly confirm that the attention to healthy
lifestyles is effective in the long run [2].

As for most other cancers, it is likely that CRC
represents an interaction between genetic and environ-
mental factors.

The identification of mutations on genes regulating
proliferation and homeostasis of cell replication in
some well-characterized familial forms of cancer-
prone disorders (such as familial multiple adeno-
matosis coli) has fostered studies on the role of a
genetic component even in cases of sporadic cancers.
These studies have clearly shown that only a limited
number of sporadic cases have an underlying genetic
component, suggesting that the environment has a vital
role.

This environment is mainly related to the dietary
components that may reach the colon in an unabsorbed
form, and to the hormonal and metabolic responses to
the ingested macronutrients.

There is a famous observation by Burkitt of a
reduced incidence of colonic disorders in general, and
of colonic cancer in particular, in people attending his
mission infirmary in Africa, compared with Caucasian
populations [3]. The hypothesis he formulated on the
effect of diet content and unabsorbable fiber is well
known and widely accepted, even in the general popu-
lation. He suggested that the low incidence of non-
infective colonic disorders in Black subjects on a
“traditional” diet was related to its high content of
local corns, rich in indigestible fiber. Fiber could
possibly produce a fast colonic transit, with reduced
production of carcinogens, and reduced contact with
the colonic mucosa.

Many concordant epidemiological studies seem to
confirm the predominance of the environment, and
therefore of diet, in the development of CRC. On the
other hand, firm proof of this relationship between
cancer and particular constituents of the diet is weak
and conflicting.

In the next sections, we will discuss some of these
studies, trying to analyze the reasons for these discrep-
ancies, and to provide a rational suggestion for
everyday clinical practice.

The most frequently quoted studies on the epidemi-
ology of CRC are those conducted on populations that
changed their alimentary habits in short and well-char-

acterized period. The differences in cancer incidence
could easily be related to a particular environmental
change (in our case, the diet), since a consistent
genetic change could not take place in such a short
interval.

The strongest body of evidence in this respect is the
difference in the incidence of CRC in Black inhabi-
tants of South Africa and Black individuals (both
males and females) living in the United States. In
Africans, the incidence of CRC is still very low, of the
order of less than one per 100,000 for year. In Africa,
CRC ranks only as the 12th cause of cancer death [4].
These numbers are lower by far than those reported in
the United States, where they are of the order of 61 and
45 per 100,000 for White males and females respec-
tively. What is even more impressive, is that in the
United States, Black subjects have an incidence of
CRC that is even higher than for Caucasians, for both
males (73 versus 61/100,000/year) and females (56
versus 45/100,000/year) [5]. This difference cannot be
fully explained by different medicalisation, with an
easier diagnosis of premalignant conditions in White
individuals. The diagnosis of this cancer, in fact, is not
easily missed, at least in advanced stages. The change
may rather be due to the fact that Black individuals in
the United States changed their diet, which became
richer in meat and fat [6]. Recent reports have shown
that African-Americans are at present the greatest
consumers of meat in the United States [7].

A similar change in diet has recently been
witnessed in Japan. The traditional Japanese cooking
used to consist mainly of fish, with small amounts of
meat. Under these conditions, the incidence of CRC in
Japan used to be much lower than in Western coun-
tries. In recent decades the Japanese diet has changed,
becoming more similar to the Western diet, and red
meat has been introduced in larger quantities. This was
accompanied by a sharp increase in the incidence of
CRC, to levels comparable to those of the Western
Caucasian population. The same concomitant change
in diet and in cancer was also seen in Japanese individ-
uals migrating to the United States, which again
showed, after only one generation, an incidence of
CRC similar to that of White Americans [8,9].

Some studies have questioned the role of reduced
fiber consumption in the pathogenesis of colonic
cancer, since even Africans now consume fiber at
levels well below the recommended daily intake [6]. It
has been reported that Africans currently have a fiber
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intake that is only one-half of the average daily intake
of all Americans, without any evident deleterious
effect on the incidence of the disease. This means that
the onset of CRC is probably not linked to the effects
of a deficiency of some nutrients, but rather to an
excessive presence of some other constituents (meat,
animal fat, or their metabolic derivatives in the colon).

A major factor might be not the amount of animal
products eaten, but rather the imbalance between ener-
getic needs and foods eaten. Epidemiological evidence
suggests, for example, some relationship between
CRC and obesity in different populations [10]. The
frequency of obesity is higher in those populations
with greater incidence of CRC; for example, both
obesity and CRC are more prevalent in northern
Europe or the United States than in sub-Saharan
nations. Clearly, this type of evidence is rather weak.
In fact, it is open to debate whether the main difference
between populations that are completely different is
the simple incidence of obesity. Other studies have
confirmed a marginal but significant association
between body mass index (BMI) and CRC incidence
even in the same population. For example, in a large
prospective study of the onset of new cases of CRC,
which followed 368,000 patients for 6 years, 984 and
586 new cases of colon and rectal cancer were diag-
nosed. The parameters that were suggestive of obesity
(waist circumference, waist-to-hip ratio) carried a 50%
increase of CRC between subjects in the highest and
lowest quintiles, although, for unknown reasons, this
was only true for males [11]. This may be due to
higher amounts of fat and proteins, or of highly refined
food, eaten by obese patients.

6.2 Meat

The role of red meat in the development of cancer,
suggested by epidemiologic studies in populations,
would be more convincingly confirmed by large-scale,
longitudinal studies of selected populations, or, even
more clearly, by interventional studies in selected
populations. These studies should be carried out in
homogeneous populations, to keep differences in other
variables as small as possible.

Clear data are available on this aspect from large
observational studies. For example, for 6 years, Willett
and coworkers [12] followed a cohort of almost 90,000
female nurses, aged 34–59 years, who completed an

alimentary questionnaire at the beginning of the study.
At entry, they were free from colonic cancer or from
diseases predisposing to CRC (inflammatory bowel
diseases, polyps, familial polyposis). By the end of the
study, 150 new cases of CRC were diagnosed. A clear
relationship was found between newly developed CRC
and the intake of animal (but not vegetable) fat. The
relative risk of cancer was 2.49 in individuals with
higher intake than those in the lowest quintile of meat
intake. The increased risk was only for people eating
pork, beef, or lamb, while chicken without skin and
fish had a protective effect. This difference is relevant,
but it must be underlined that it can only be demon-
strated between, on the one hand, subjects eating red
and processed meat as their main food every day, and
on the other hand, subjects eating it less than once a
month. The different risk in individuals with interme-
diate meat intake is not apparent even in such a large
population. This study confirms also that the intake

of fiber derived from fruit is associated with a
decreased frequency of CRC, but this effect is strictly
linked with meat intake (in that people eating only
small amounts of meat more frequently eat large
amounts of fruit).

The same results have been obtained by another
large, multinational survey. Again, information was
obtained from 478,000 individuals, who completed an
accurate alimentary questionnaire over a 6-year period.
During the subsequent 5-year period, CRC was diag-
nosed in 1230 of these subjects. Again these cancers
were more frequently found in people with higher
meat intake. The relative risk of cancer was 35%
higher in people eating more than 120 g/day of meat
than in people eating less than 20 g/day. A change in
the opposite direction was found for fish (hazard ratio
0.69 for a fish intake >80 g/day than for an intake <10
g/day) [13]. We must underline the finding that the
absolute risk of developing CRC for a study subject
aged 50 years was 1.71% for the highest category of
red meat intake and 1.28% for the lowest category of
intake, while it was 1.86% and 1.28% for subjects in
the lowest and highest quintiles of fish intake. Again,
this means that relevant differences are only demon-
strated for groups with extreme dietary habits.

The same study also provided important informa-
tion on the relevance of cooking for CRC incidence
[14]. A total of 30,000 people from 10 European coun-
tries were interviewed on the type of cooking and on
the method of preservation of (salting, smoking, addi-
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tion of nitrates) for meat they consumed. It demon-
strated a more frequent use of risky methods of preser-
vation (addition of nitrate/nitrite; smoking) and of
hazardous cooking (frying, charcoal) in central and
northern European centers, where a higher incidence
of CRC is reported.

These data are important since they are similar to
those for gastric cancer, for which a strict correlation
has been reported with the use of salted meat. More-
over, cooking methods using high temperatures, such
as frying or barbecue cooking may change the arrival
of undigested constituents and mutagens at the colon
[15]. It has been shown that higher consumption of
mutagens from meats cooked at higher temperature
and longer duration may be associated with higher risk
of distal colon adenoma, independent of overall meat
intake.

A recent systematic review of the studies on the
relationship between meat consumption and CRC [16]
has confirmed a 12–17% increase in CRC for an
increase in red meat consumption of 100 g/day. This
change in CRC incidence in itself is of marginal
impact in individual patients (the individual risk is in
any case rather low and hardly appreciable), and it is
only important for a population as a whole. In any
case, a reduction in meat intake should be advised if
we accept that is produces other positive effects
(cardiovascular, on pancreatic and gastric cancer, and
so on).

Clearly, interventional studies on the effect of a
“pure” change in meat intake on CRC incidence are
not even conceivable. The incidence of this carcinoma
peaks after the age of 50 years, and therefore exposure
to the putative carcinogens requires very long periods.
In the studies discussed above, less than 2% of
subjects above 50 years of age developed CRC during
the 5-year follow-up, so that huge number of patients
need to be included in each group to obtain meaningful
data. Finally, the change in daily meat intake that
needs to be suggested to show a possible difference is
so large that it is almost impossible to maintain it for
any length of time.

6.3 Fiber and Fruit

As we have previously seen, analysis of the data from
studies on the correlation between CRC and increased
meat consumption have also found a correlation with a

decrease in fruit consumption. A higher intake of meat
is invariably associated with a lower intake of fruits
and of vegetables, which may in itself be detrimental
[17].

The reduction of the risk of developing recurrent
adenomas was found to be 40% in women consuming
large quantities of fruit, but it was only 18% for
vegetable intake. The reasons for this difference are
not clear, but suggest a role for other constituents of
fruit, such as carotenoids, folate, vitamin C,
flavonoids, organosulfides, isothiocyanates, and
protease inhibitors, which may mitigate DNA damage
and thus reduce mutations [18].

Some observational studies have addressed the rela-
tionship between fruit and vegetable consumption and
colorectal adenomas. Seven of the ten case-control
studies available [17,19–27] report significant inverse
associations between fruit and vegetable consumption
and the risk of adenomas.

On the other hand, the results from a large interven-
tional study (the Polyp Prevention Trial) did not indi-
cate any benefit for a diet high in fiber, fruits, and
vegetables in preventing the recurrence of colorectal
adenomas. However, this study was restricted to partic-
ipants who had previous adenomas removed endoscop-
ically, and their period of intervention and follow-up
was 4 years, which may be insufficient to influence the
occurrence or recurrence of adenomas [28].

We must underline that the lack of effect of fiber
and fruit on polyp recurrence is not equivalent to an
absence of effect on cancer development, which might
require different factors.

Ultimately, fiber should probably be promoted by
doctors as a protective factor against CRC, even in the
absence of a firm proof of its efficacy [29,30]

6.4 Milk

The association between milk intake and CRC is rather
complex. Many studies have reported that milk
consumption (with the inherent increase in vitamin D
and calcium intake) is associated with a reduced risk of
CRC [31]. A recent meta-analysis of the literature on
this subject has confirmed a 15% reduction of the risk
in subjects with higher milk intake (>250 ml/day) [32].
Clearly, such doses carry a risk of cardiovascular
disease, and cannot be recommended in the general
population.



6 Diet, Polyps, and Cancer 75

Another interesting study has been carried out on a
cohort of subjects who had an accurate estimation of
milk and dairy intake in childhood (70 years ago).
Surprisingly, the lifelong risk of developing a CRC
was clearly raised in people with high intake of milk.
While the mechanisms involved are purely hypothet-
ical at this stage, they may be linked with an increase
in insulin growth factor-1 or with an interference with
mucosal immunocompetence [33]. The possible role
of vitamin D and of its receptors on cancer prevention
has been challenged by a large interventional trial of 7
years’ duration, which did not show any effect [34].

6.5 Conclusion

Suggestions about the importance of diet in the
prevention of CRC have not been confirmed by large
interventional trials. When present, this protective
effect is rather weak, so that this prevention in itself
cannot justify vigorous and long-term dietary changes
in the population. However, the suggested changes are
often in the direction of a healthier diet, with possible
positive effects on other highly prevalent disorders
(cardiovascular, degenerative, and neoplastic), so
sound dietary suggestions may be offered even in the
absence of formal evidence-based proof of their effect
in CRC prevention.
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Abstract The high incidence and low percentages of survival of colorectal cancer
make effective prevention an important public health issue. Colorectal carcinogenesis
is a multistep process involving dietary factors and multiple genetic alterations in
signaling pathways that control cell proliferation, differentiation, and apoptosis.

Predisposing genetic syndromes, such as familial adenomatous polyposis (FAP)
and hereditary non-polyposis colon cancer (HNPCC), have provided an excellent
model for studying the genetic alterations involved in the etiology and progression of
sporadic colon cancer. These developments in the cellular and molecular mecha-
nisms of the neoplasm provide new insights for developing selective agents with
potential chemopreventive properties against colon carcinogenesis. Clinical and
experimental evidence have demonstrated that long-term intake of non-steroidal anti-
inflammatory drugs (NSAIDs) has a reduced risk of developing colorectal polyps and
cancer. Similarly, several synthetic or natural compounds, such as folate or selenium
prevent the biological events leading to the development of cancer. However, the
clinical use of these drugs as chemopreventive agents is limited by many open ques-
tions about the optimal drug, dose, duration of therapy and knowledge about the
mechanism(s) by which these drugs act.
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Fiorella Guadagni

7

7.1 Introduction

Colorectal cancer (CRC), the most common neoplasm
in the industrialized world, with 900,000 new cases
annually worldwide [1], is still the second leading
cause of cancer death in Western countries, after lung

cancer in men and breast cancer in women [2]. The
percentages of 5-year survival, in fact, remain very
low, despite the improvements in surgical techniques
and radio- and chemotherapy treatments that have
occurred in recent years. The reason for this lack of
improvement in the prognosis is attributable to the fact
that, due to late presentation of clinical symptoms,
most cases are diagnosed at an advanced stage.

Colorectal cancer provides an excellent model for
genetic studies because of the availability of precursor
adenoma lesions and the existence of several clear-cut
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familial inherited susceptibilities.
The peculiarity of the disease is that it is preceded

by precancerous adenoma or adenomatous polyps
followed by intermediate stages through which normal
colorectal tissue becomes cancerous within an
“adenoma–carcinoma” sequence. These phenotypic
manifestations are closely related to a multistep
process characterized by multiple genetic changes that
correspond to the histological progression from normal
colon epithelium to adenoma to carcinoma [3,4].

A further feature is the presence of several familial
aggregation and clear-cut familial inherited suscepti-
bilities [5], but only 5% of colon cancers are caused by
a specific gene mutation. Such hereditary forms
include familial adenomatous polyposis (FAP) and
hereditary non-polyposis colorectal cancer (HNPCC).
The former led to the identification of the APC gene,
an important component of the wingless-type MMTV
integration site family (WNT) pathway, while the
latter identified the role of the mismatch repair genes
in colorectal and other cancers [6]. These findings not
only provided a critical basis to understand principles
of cancer genetics, molecular diagnostics, risk stratifi-
cation, and prevention, but served also to clarify our
knowledge of the sporadic counterpart.

Secondary prevention, through the colonoscopic
detection and eradication of adenomatous polyps, can
lead to a drastic reduction of mortality due to
colorectal cancer. However, given the high cost and
inconvenience caused to patients, the idea of applying
colonoscopy is not acceptable for the whole popula-
tion, but only for groups of high-risk patients, such as
APC mutation carriers.

More promising is the application of primary
prevention that consists in the identification of genetic
factors and possible modification of environmental
and dietary factors.

The quantity of biological data, obtained through
numerous biological and epidemiological studies, now
offers interesting perspectives for improving tertiary
prevention. Indeed, the molecular and genetic path-
ways involved in the multistep process of colon
carcinogenesis, underlying the early preneoplastic and
neoplastic phenotypic lesions, represent an important
end-point for efficacy of chemopreventive interven-
tions through several classes of synthetic pharmaco-
logical agents, including non-steroidal anti-inflamma-
tory drugs (NSAIDs), receptor antagonists, small
molecule inhibitors, vitamins, minerals, or synthetic

substances [7], all of which have demonstrated a direct
correlation between the modulation of pathogenesis
and the relevant molecular target for efficacy [8,9].

The ideal chemopreventive agent is safe and not
toxic for long-term administration, characterized by
easy administration and certain effect. At present, the
most promising agents seem to be NSAIDs, but no
data are available yet on their safety profile, dose, and
duration of treatment, or side-effects. Other substances
such as calcium, folate, and selenium are currently
being studied. This review will describe some of these
traditional and innovative molecules and will discuss
the anticancer molecular mechanisms of action and
their efficacy as chemopreventive and therapeutic
agents in colorectal cancer.

7.2 The WNT Pathway

The WNT ligands are secreted lipid-modified glyco-
proteins belonging to a family of proto-oncogenes
expressed in several species and considered to be one
of the major families of signaling molecules [10].

The WNT extracellular signaling pathway describes
an evolutionarily conserved signal transduction
network of molecules, and plays an essential and
complex role in embryogenesis, cell proliferation,
migration, and differentiation. Mutations charged to
the WNT pathway, including numerous ligands, recep-
tors, and transcriptional effectors, seriously undermine
embryonic development and are involved as a major
factor in oncogenesis in the human colon and other
tissues [11].

In the presence of a WNT ligand (Fig. 7.1), if not
inhibited by secreted antagonists, the WNT ligand
binds a seven-transmembrane frizzled protein (Fz) and
a coreceptor of the low-density lipoprotein receptor-
related protein (LRP), forming a ternary complex
(WNT/Fz/LRP), and activating the cytoplasmic protein
dishevelled (Dsh/Dvl). Upon WNT stimulation,
Dsh/Dvl, activated through a phosphorylation mecha-
nism, inhibits the multiprotein destruction complex
adenomatous polyposis coli (APC)–axin–casein kinase
1 (CK1)–glycogen synthase kinase (GSK-3β), leading
to the stabilization of β-catenin [12,13]. The
APC–axin–CK1–GSK-3β complex normally promotes
the proteolytic degradation of the β-catenin intracel-
lular signaling molecule. Therefore, complex inhibi-
tion, determined by WNT binding, results in an accu-
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mulation of stabilized cytosolic β-catenin. The latter
forms a complex with E-cadherin and β-catenin, and
participates in calcium-dependent cell adhesion [14].
Furthermore, stabilized β-catenin is able to enter the
nucleus and interacts with the T-cell factor
(TCF)/lymphoid enhancing factor 1 (LEF1) family of
DNA-binding proteins, leading to the transcription of
specific WNT target genes. The majority of WNT
target genes are important mediators of development,
cell proliferation, carcinogenesis, tumor cell migration,
and invasion [15]. Indeed, several genes involved in
human carcinogenesis, listed at The WNT Home Page
[16], have been identified as targets for β-catenin/TCF
complex transcriptional activation, such as cyclin Dl
[17], the E-cadherin gene [18], peroxisome prolifer-
ator-activated receptors (PPARδ) [19], c-Myc [20],
c-jun, and c-fra-1 [21].

In the absence of a WNT ligand, cytoplasmic
β-catenin interacts with axin and APC and then is
phosphorylated by kinases CK1 and GSK-3β. Phos-
phorylated β-catenin is then ubiquitinated and
destroyed by the proteosome while TCF/LEF factors
repress transcription binding of DNA at WNT-respon-
sive genes, and interact with other factors such as
groucho and histone deacetylase [13].

Alterations of several proteins of the WNT
signaling pathway have been implicated in the devel-
opment of sporadic and hereditary colorectal cancer
and other neoplasms such as hepatocellular carci-
nomas (HCCs), melanomas, and uterine and ovarian
carcinomas. For example, mutations of the tumor-
suppressor gene APC, a key regulator of the WNT
signaling pathway, are responsible for FAP and are
also one of the earliest transforming events observed in

Fig. 7.1 Schematic
representation of the WNT
signaling pathway. In the
presence of a WNT signal,
LRP-Fz interaction and
Dsh/Dvl activation block the
APC–axin–CK1–GSK3
complex from
phosphorylating β-catenin,
resulting in an accumulation
of stabilized cytosolic
β-catenin. Stabilized
β-catenin is able to enter the
nucleus, where it interacts
with TCF/LEF1, leading to
the transcription of specific
WNT target genes
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sporadic colorectal cancer [11,22], while TCF4, one of
the β-catenin-binding transcription factors, is mutated
in an encoding polyA tract in almost half of the
HNPCC and MSI+ (microsatellite instability)
colorectal cancers [23–25].

Given its importance in colorectal cancer progres-
sion, the WNT signaling pathway is a logical attractive
target for therapeutic intervention, and several experi-
mental studies have demonstrated inhibition of
colorectal cancer by targeting the TCF/β-catenin
signaling [26,27]. For example the use of WNT antag-
onists or other inhibitors that interfere with cell surface
interactions of WNT ligands and their receptors could
provide a target for therapeutic intervention.

The secreted frizzled-related proteins (SFRPs), also
known as secreted apoptosis-related proteins (SARPs),
contain a cysteine-rich domain with similarity to the
ligand-binding domain of the Fz transmembrane
protein family, and compete with the Fz proteins for
binding to secreted WNT ligands and antagonize the
WNT function such as the WNT-inhibitory factor-1
(WIF-1) [28]. Recently, it has been demonstrated that
the SFRP family gene SFRP2 repressed WNT target
genes and induced changes in the expression of
numerous genes related to proliferation, growth and
apoptosis in gastointestinal cells [29]. Moreover,
SFRP function in colorectal cancer cells attenuates
WNT signaling even in the presence of downstream
β-catenin or APC mutations [30].

Another extracellular WNT inhibitor dickkopf 1
(DKK1) interacts with the WNT co-receptor LPR and
prevents formation of an active WNT–Fz–LRP
receptor complex [31]. Experimental evidence
suggests that DKK1 acts as a tumor suppressor gene in
this neoplasia, downregulating the WNT/β-catenin
signaling and exerting anticancer activity [32,33].

The increasing knowledge of the WNT signaling
pathway is leading to the identification of several new
compounds that are useful for therapeutic purposes,
such as WNT antagonists and synthetic molecules that
act directly at the level of β-catenin or LEF1, and that
are now being tested in vivo assays [34].

7.3 Non-Steroidal Anti-Inflammatory

Drugs

NSAIDs are widely used as effective anti-inflamma-
tory, antipyretic and analgesic drugs, and aspirin is

also effective in both the primary and secondary
prevention of cardiovascular diseases.

Since the first hypothesis in 1974 that NSAIDs
might inhibit the occurrence or growth of CRC
[35,36], and the epidemiological demonstration in
1988 that NSAIDs prevent human colon cancer [37],
evidence has been accumulating suggesting that long-
term use of NSAIDs can be regarded as an effective
approach for cancer chemoprevention [38].

The accurate biological mechanisms by which
NSAIDs exert their chemopreventive effects are not
yet entirely clarified, but probably involve inhibition
of cyclo-oxygenase (COX), the enzyme that converts
arachidonic acid (AA) to prostaglandins.

AA is metabolized mainly through two major path-
ways (Fig. 7.2): the lipoxygenase pathway, leading to
formation of leukotrienes, and the COX pathway,
which consists essentially of two key enzymes: COX-1
and COX-2 [39]. Both isoforms convert AA to
prostaglandin G2 (PGG2); the subsequent peroxidate
reaction converts PGG2 to PGH2, leading to the forma-
tion of biologically important prostanoids [(PGI2,
PGE2, PGD2, thromboxane A2 (TXA2)], each of which
exerts its unique functions coordinating signaling
between the cell of origin (autocrine) and neighboring
cells (paracrine) by binding to transmembrane
G-protein-coupled receptors [40]. The production of
these potent signaling molecules is strictly regulated,
at the level of expression for COX-2, and at the level
of catalysis for both COX-1 and COX-2 [41,42].
COX-1, in fact, is constitutively expressed in platelets
and in the normal gastrointestinal mucosa, where it
plays the physiological functions of platelet aggrega-
tion and gastrointestinal mucosa maintenance [43].
COX-2, in turn, is constitutively expressed in the
human kidney and brain, but its expression is induced
in many other tissues during inflammation, wound
healing, and neoplasia [44]. Indeed, increased COX-2
expression has been shown in human CRC, in a close
association with Duke’s staging, indicating prognostic
implications of COX-2 overexpression [45].

Non-selective NSAIDs inhibit both COX-1 and
COX-2 [46], but exhibit different capabilities of
inhibiting COX isoforms at different concentrations
and in different tissues. For example, aspirin is a rela-
tively selective inhibitor of COX-1 in platelets but
inhibits COX-2 only at higher plasma concentrations
[40,47]. Most other conventional NSAIDs, such as
ibuprofen, sulindac, and indometacin, inhibit COX-1
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and COX-2 to the same extent, whereas a new class of
NSAIDs, designated coxibs (such as celecoxib, rofe-
coxib, valdecoxib), selectively inhibits COX-2, while
sparing COX-1, thus avoiding the most serious
gastrointestinal toxic effects associated with chronic
high-dose NSAID use [48,49].

COX-2 and PGE2, a proinflammatory bioactive
lipid produced in many human solid tumors including
CRC [50], play an important role in tumorigenesis
from the development to invasion and metastasis of
carcinoma, through various mechanisms. In particular
PGE2 promotes tumor growth by stimulating PG
receptor (EP) signaling pathways and downstream
targets, such as epidermal growth factor receptor
(EGFR), PPARδ, BCL2 and ERK2/JNK1, all of which
are involved in promoting cellular proliferation,
inhibiting apoptosis, and stimulating invasion and
motility, as well as angiogenesis [51,52]. Overexpres-

sion of COX-2 in cancer tissues, in fact, may induce
angiogenesis by increased production of PGE2 and
other COX-2-derived eicosanoids (i.e. TXA2 and
PGI2), which stimulate endothelial cell migration and
angiogenesis by modulating the expression of VEGF
(vascular endothelial growth factor) and bFGF (basic
fibroblast growth factor), and stimulating endothelial
cell proliferation [53,54]. In addition, COX-2-inde-
pendent mechanisms that contribute to neoangiogen-
esis in human cancer have also been described, acting
through inhibition of EGR1 (early growth response
protein) [55] or transcription factor Sp1 [56].

Several experimental results suggest that NSAIDs
may prevent carcinogenesis through different path-
ways [51]. For example, NSAIDs can inhibit angio-
genesis through increased endothelial cell apoptosis,
inhibition of endothelial cell migration, recruitment of
inflammatory cells and platelets, and/or TXA2-medi-
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Fig. 7.2 Overview of prostaglandin (PG) synthesis pathways and their main functions. Arachidonic acid is metabolized mainly
through two major pathways: the lipoxygenase pathway, leading to formation of leukotrienes, and the cyclo-oxygenase (COX)
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ated effects, all of which have been associated with
growth inhibition and attenuation of the metastatic
potential of cancer cells [53,57]. The expression of the
anti-apoptotic proteins BCL2, BCL-XL, MCL1, and
survivin decreases after treatment of cancer cells with
celecoxib, whereas expression of the pro-apoptotic
protein BAD increases [53,58], and rapid release of
cytochrome c from mitochondria and activation of
APAF1 and caspases 3, 8, and 9 are observed [53,59].
Furthermore, several studies indicate that NSAIDs
induce the expression of proapoptotic molecules such
as PAR4 (prostate apoptosis response) [60], ceramide
[61], and 15-lipoxygenase-1 [62]. Aspirin has also
been shown to decrease the expression of nuclear
factor κB (NF-κB), a transcriptional factor that
prevents apoptosis [63].

Several other mechanisms may be involved in the
antineoplastic effects of NSAIDs, some of which may
be independent of COX expression and prostaglandin
biosynthesis [64]. For example, in animal models
NSAIDs decrease β-catenin levels. As previously
described, mutations in APC or β-catenin genes upreg-
ulate cytoplasmic β-catenin, which functions as a tran-
scriptional activator of growth-promoting genes such
as cyclin D1, c-myc, and PPARδ. NSAIDs decrease
β-catenin levels, inducing a downregulation of cyclin
D1 and PPARδ activity, and increasing APC mRNA
expression [19,64,65].

The reduced expression of cyclins, which is only
partially understood, resulting in a G1-phase arrest
induced by NSAIDs seems to involve the inhibition of
protein kinase B (PKB/AKT) or its upstream kinase
phosphoinositide-dependent kinase 1 (PDK1) [66,67].

Since the first population-based case-control study
was reported in 1988 [37], a growing body of
evidence, from preclinical and clinical studies, has
suggested a correlation between NSAID use and lower
incidence of cancer. These results led to NSAIDs
being considered as potential antineoplastic agents for
cancer prevention [8,9,51]. However, the pharmaco-
logical effects of NSAIDs are complicated by the
diverse functions of prostanoids in different tissues
and by the variable effects of COX inhibition,
depending on clinical context and drug dose.

At the present time, the available data concerning
the use of non-specific NSAIDs for chemoprevention
indicate that they would need to be ingested in doses
greater than those used for cardiovascular prevention
and for a duration of more than 10 years [9]. Conse-

quently, the potential benefit of non-specific NSAIDs
needs to be evaluated in relation to the gastrointestinal
and renal toxicity caused by the inhibition of COX-1.
These unwanted side-effects led to the development of
coxibs. Indeed, highly selective COX-2 inhibitors
retain the anti-inflammatory and antitumor effects of
the NSAIDs while not interfering with COX-1, which
is responsible for protection of the gastroduodenal
mucosa from the effects of acid from the stomach [68].

For this reason, new expectations were raised for
the use of selective COX-2 inhibitors in colorectal
cancer prevention. Three international, multicenter
studies were launched in 1999 and 2000: the Adenoma
Prevention with Celecoxib (APC), the Adenomatous
Polyp Prevention on Vioxx (APPROVe), and the
Prevention of Colorectal Sporadic Adenomatous
Polyps (PreSAP) trials [69–74]. The aims were to
assess the effects of coxibs on the formation of
adenomas and to evaluate the possibility of over-
coming the gastrointestinal adverse events of non-
selective NSAIDs. Although a reduced polyp recur-
rence and an improved risk profile for gastric toxicity
was observed in all three trials, unexpectedly in the
APPROVe and the APC studies this efficacy was asso-
ciated with an increased risk of cardiovascular toxicity
events [69]. On the advice of the Data Safety Moni-
toring Committee, the trials were stopped early due to
a significant excess of adverse cardiovascular events
(stroke, myocardial infarction, and heart failure) in
patients receiving the drug for more than 18 months.
These findings indicate that the potential benefit of
COX-2 inhibitors for the prevention of colorectal
adenomas needs to be carefully weighed against their
potential cardiovascular effects, and cannot be
routinely recommended for this indication. Similarly
non-selective NSAIDs, despite ample evidence that
their prolonged use substantially reduces the risk of
developing colorectal cancer [75], show considerable
unwanted side-effects such as damage to the gastric
mucosa and gastrointestinal bleeding.

The available clinical evidence suggests that the
therapeutic approach should take into account the
optimal dose, starting age, and duration of NAISD use,
in order to assess whether lower doses or other dose
intervals may be associated with less cardiovascular or
gastrointestinal risk. An innovative tool to predict
NSAIDs’ efficacy and/or toxicity is offered by the
study of metabolic polymorphisms in NSAID targets
or metabolizing enzymes. The use of pharmacogenetic
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approaches applied to epidemiological studies may
allow the identification of reliable markers to predict
drug-related adverse events, and indicates that the
effectiveness of chemopreventive drugs can be modu-
lated by the genotype of metabolizing enzymes. For
example, the polymorphisms E158K and E308G in the
flavin mono-oxygenase 3 gene (FMO3), a hepatic
microsomal enzyme that inactivates sulindac, may
reduce activity in catabolizing sulindac, and result
in an increased efficacy for preventing polyposis in
FAP [76].

The metabolic pathway of NSAIDs also involves
glucuronidation and hydroxylation by the polymorphic
enzymes UGT1A6 (uridine diphosphate-glucuronosyl-
transferase) and CYP2C9 (cytochrome P450). In a
case-control study of adenoma recurrence and
aspirin/NSAID use, the protective effect of aspirin was
not seen in individuals who were homozygous wild
type for UGT1A6 and carrying at least one variant
allele of CYP2C9 [77]. The presence of a CYP2C9*3
variant allele has been also associated with a signifi-
cant high risk of gastroduodenal bleeding when treated
with NSAIDs [78]. A similar correlation was reported
between the NSAID-induced gastric ulcer and carrier
of the -1676T allele in the COX-1 gene promoter [79],
whereas other genetic variants in COX-1 (P17L and
G230S) significantly correlated to indometacin-medi-
ated inhibition of COX-1 activity in vitro [80]. At
present, the scientific evidence on these pharmacoge-
netic interactions is still very limited, and most studies
were of limited sample size. Reliable detection of
gene–NSAIDs interactions will require greater sample
sizes, consistent definitions of NSAID use, and evalu-
ation of clinical trial subjects of chemoprevention
studies [81].

7.4 Nitric Oxide-Releasing NSAIDs

Nitric oxide-releasing non-steroidal anti-inflammatory
drugs (NO-NSAIDs) are an innovative large family of
pharmacologically active compounds, consisting of a
classical NSAID to which an NO-releasing moiety is
attached covalently, often via a spacer molecule [82].
NO-ASA (NO-aspirin) is the best-studied NO-NSAID
to date, but the chemical linker spacer variation
provides for a large number of variants of NO-
NSAIDs, such as NO-sulindac, NO-ibuprofen, NO-
indometacin, or NO-flurbiprofen [83].

Compared with their parent compounds, NO-
NSAIDs inhibit the growth of cultured cancer cells
several hundred times more potently, and prevent
colon and pancreatic cancer in animal models. This
enhanced chemopreventive effect is due to pleiotropic
effects on cell signaling, inducing inhibition of prolif-
eration, inhibition of cell-cycle-phase transitions, and
induction of cell death involving redundant down-
stream pathways [84].

The early critical event in the action of NO-ASA,
the best-studied NO-NSAID, is the induction of oxida-
tive stress in target cells by a complex mechanism that
is still unclear. The generation of a state of oxidative
stress activates the caspase 9 of the intrinsic apoptosis
pathway and other downstream reactive oxygen
species (ROS)-responsive pathways critical to carcino-
genesis, which inhibits cell proliferation and promotes
cell death [83,84].

As previously described, the WNT pathway plays a
crucial role in human colon carcinogenesis. In colon
cancer cell lines the NO-ASA molecule inhibits β-
catenin signaling, disrupting the association between
TCF-4 and β-catenin in the nucleus, with reduction of
transcriptional activity of genes modulated by this
pathway, such as cyclin D1, c-Myc, and the antiapop-
totic molecule PPARδ [85,86]. In a similar way,
NO-ASA profoundly affects the nuclear interaction
between the transcription factor NF-κB and DNA in
cultured colon cancer cells, and inhibits the induction
of NOS2, an enzyme whose activity is correlated with
p53 mutations, and is overexpressed in cancer cells,
and involved in the regulation of COX-2 [87].

An intriguing aspect of NO-ASA is the effect on
COX-2 expression. In vitro experiments conducted on
colon cancer and pancreatic cancer cell lines using
NO-ASA for growth inhibition have demonstrated an
increased expression of catalytically active COX-2, as
demonstrated by an increased production of PGE2 [87].

These results raise new questions about the biolog-
ical role of COX-2 in colon carcinogenesis, suggesting
that NSAIDs and NO-ASA prevent colorectal cancer
by mechanisms that are independent of COX [84,88].

As evidence of this, another biological mechanism
was recently demonstrated that might explain the anti-
neoplastic effects of the molecule. It was recently
shown that the administration of NO-ASA in human
colon cancer animal models induces an inhibition of
angiogenetic processes due to a deletion of the VEGF
gene [89].
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At present, in vivo studies using colon cancer
animal models demonstrate an extraordinary chemo-
preventive effect, since treatment with NO-ASA for 3
weeks decreased the number of tumors by 55% [90]
and significantly suppressed tumor incidence [91].
More-impressive results have been obtained on
pancreatic cancer animal models, where NO-ASA
reduced the incidence of pancreatic cancer by 88.9%
[92]. These consistent findings in animal studies, and
the reliable preclinical results, justify the need for clin-
ical trials that may test the chemopreventive effective-
ness of NO-NSAIDs [83].

7.5 Folate

Folic acid and its anionic form, folate, occur naturally
in food and are indispensable nutrients in humans.
They are essential for the production of nucleotides
required for DNA synthesis and replication, and in
the maintenance of intracellular normal methylation
for the generation of S-adenosylmethionine, a cofactor
required for cellular methylation reactions. This
is especially important during periods of rapid
cell division and growth such as infancy and preg-
nancy [93].

The pathway begins when folate is reduced to dihy-
drofolate (DHF) (Fig. 7.3), which is then reduced to
tetrahydrofolate (THF) by dihydrofolate reductase.
Methylenetetrahydrofolates are formed from THF by
the addition of methylene groups from one-carbon
donors. Methylenetetrahydrofolate reductase
(MTHFR) is a key enzyme in folate metabolism,
converting the intracellular 5,10-methylenetetrahydro-
folate to 5-methyltetrahydrofolate, the predominant
form of folate in plasma. 5-Methyltetrahydrofolate
serves as the methyl group donor for the conversion of
homocysteine to methionine, which then reacts with
adenosine triphosphate to form S-adenosylmethionine
(SAM), which is the methyl donor for DNA methyla-
tion. The tetrahydrofolate compounds are also
substrates in a number of single-carbon-transfer
reactions, involved in the production of dTMP
(2'-deoxythymidine-5'-phosphate) from dUMP
(2'-deoxyuridine-5'-phosphate), catalyzed by the
enzyme thymidylate synthase (TS) for the synthesis of
pyrimidinic nucleotides required for DNA synthesis [8].

The association between folate and cancer appears
to be complex. Inadequacy of folate in the diet leads to

alterations in genome methylation patterns, inducing
DNA hypomethylation and consequent abnormal acti-
vation of several oncogenes involved in carcinogen-
esis. In addition, folate deficiency alters the balance of
DNA precursors by dTTP insufficiency, and subse-
quent uracil accumulation in DNA instead of thymine,
with genome instability [94].

Several pieces of epidemiological evidence support
the association of folate intake with colon cancer risk
[95]. In the Nurses’ Health Study conducted on 88,756
women, Giovannucci et al found the greatest reduction
in the risk of developing colon cancer among women
taking 400 Ìg of folate for at least 15 years [96]. Other
studies have confirmed that taking multivitamins
containing folic acid is associated with a lower risk of
CRC [97,98]. In individuals with a family history of
CRC, the use of folate supplements for more than
5 years decreases the risk of neoplasia by almost 55%
[99].

Conversely, recent randomized clinical trials found
that folate supplements had no effect on adenoma
recurrence [100] and did not reduce the risk of
colorectal adenomas [101]. Furthermore, these studies
suggested an effect of enhancing carcinogenesis
progression in patients already suffering from cancer
or from a precancerous condition. These results are in
agreement with other recent reports which show that
high concentrations of serum folate levels are associ-
ated with the risk of promoter methylation in tumor-
suppressor-specific genes [102]. This is probably one
of the molecular mechanisms by which folate supple-
mentation might have a dual effect on carcinogenesis
by protecting against initiation of adenoma formation
but advantaging the cancer progression once cellular
transformation has begun [9].

Within the folate pathway, candidate metabolic
polymorphisms with a functional impact on protein
function have been described in several of the
enzymes. The MTHFR gene is polymorphic with a
SNP within codon 677 (C to T, Ala to Val), and this
variant encodes a thermolabile enzyme with reduced
function that leads to a reduced plasma folate level.
Individuals with homozygous mutation T/T are at
decreased risk of developing colorectal cancer,
compared with carriers with homozygous wild-type
C/C or heterozygous C/T genotype. However, this
protective effect is diminished by folate deficiency.
The inverse associations with genetically reduced
MTHFR activity is probably due to an impaired
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conversion and greater diversion of its substrate, 5,10-
methylene THF, toward pyrimidine synthesis via the
enzyme TS, and subsequent reduction of risk of uracil
accumulation in DNA.

Studies performed in order to seek an interaction
between 5'UTR of TS gene polymorphism and
colorectal cancer risk showed that individuals with the
TS 2R/2R genotype (low expression) are not at an
increased risk of colorectal cancer, while surprisingly,
individuals with the 3R/3R genotype (higher expres-
sion) appear more susceptible to colorectal adenoma in
the presence of low folate or high alcohol intakes.
These results suggest a further relevant mechanism
linking folate metabolism to colorectal carcinogenesis,
assuming that the increased availability of 5,10-meth-
ylene THF can also be directed towards the pathway of
purinic synthesis [93].

7.6 Difluoromethylornithine

The polyamines putrescine, spermidine, and spermine
are compounds that are necessary for normal cell
proliferation, differentiation, and cell death, interacting
with nucleic acids, membrane phospholipids, and
several membrane-bound enzymes.

The biosynthesis of polyamines in eukaryotic cells
begins from L-arginine (via L-ornithine) and L-methio-
nine (Fig. 7.4). The key enzyme ODC (ornithine decar-
boxylase), via ornithine decarboxylation, produces
putrescine, which forms spermidine and spermine, by
the respective synthases, stable enzymes whose intra-
cellular concentration is regulated by the availability of
their substrates putrescine and spermidine.

The retroconversion pathway requires the action of
SSAT enzyme (spermidine/spermine N1-acetyltrans-

Folic acid DHF

THF 10-formyl THF

5, 10-methylene THF

5,-methyl THF

Methionine Homocysteine

S-adenosylmethionine

dUMP

dTMP

TS

Purine
synthesis

Pyrimidine synthesis

Nucleic acids methylation
DNA synthesis

Fig. 7.3 Overview of folate metabolism. The folate is reduced to dihydrofolate (DHF), which is then reduced to tetrahydrofolate
(THF) by dihydrofolate reductase. Methylenetetrahydrofolate reductase (MTHFR) converts 5,10-methylenetetrahydrofolate to
5-methyltetrahydrofolate. 5-Methyltetrahydrofolate serves as the methyl group donor for the conversion of homocysteine to methio-
nine, which then reacts with adenosine triphosphate to form S-adenosylmethionine (SAM). The tetrahydrofolate compounds are also
involved in the production of dTMP (2'-deoxythymidine-5'-phosphate) fromdUMP (2'-deoxyuridine-5'-phosphate) catalyzed by
enzyme thymidylate synthase (TS) for the synthesis of pyrimidinic nucleotides requred for DNA synthesis
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ferase) to recycle spermidine and putrescine from sper-
mine and spermidine, respectively, forming interme-
diate products of polyamine catabolism, N1-acetylsper-
midine and N1-acetylspermine [103].

The presence of a link between alterations in
polyamine metabolism and the processes of carcino-
genesis has been highlighted by the presence of high
levels of acetylpolyamines and ODC found in cancer
tissues [103–105]. In particular, in much experimental
evidence the activity of ODC was found to be elevated
in sporadic colorectal carcinomas and adenomas and in
the rectal mucosa of patients harboring APC gene
mutations [8,106]. The molecular basis of this
phenomenon relates to the fact that ODC is one of the
transcriptional targets of the proto-oncogene c-myc
[107], which in turn is repressed by the tumor

suppressor gene APC pathway [65]. In other words,
the inactivation of the gene APC, mutated/deleted in
the majority of colorectal polyps, may increase the
transcription of c-myc that can lead to induction and
overexpression of ODC and consequent carcinogen-
esis [103].

This high activity in tumor cells has suggested ODC
as a target of chemotherapy and chemoprevention.
Difluoromethylornithine (DFMO) is a selective and
irreversible inhibitor of ODC, inducing decreased
production of putrescine and its derivate spermidine,
and cell growth arrest.

Accordingly, in patients with a history of adenoma,
the use of low-dose DFMO for 12 months suppressed
the polyamine content of rectal mucosa with relatively
few side-effects [108], mostly represented by a

Fig. 7.4 Schematic
representation of the
polyamine metabolism
pathway. Arginine is
converted into l-ornithine, via
the urea cycle enzyme
arginase. The ornithine
decarboxylase (ODC)
produces putrescine, which
forms spermidine and
spermine, by the respective
synthases. The
retroconversion pathway
requires the action of the
enzyme spermidine/spermine
N1-acetyltransferase (SSAT)
to recycle spermidine and
putrescine from spermine and
spermidine, respectively,
forming intermediate
products of polyamine
catabolism,
N1-acetylspermidine and
N1-acetylspermine.
Difluoromethylornithine
(DFMO) is a selective and
irreversible inhibitor of ODC

Putrescine

Spermidine
synthase

SSAT

DFMO
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reversible hearing loss and thrombocytopenia [103].
The need to minimize the toxicity, the possibility of

increasing the effectiveness of chemoprevention, and
the observation that in vitro DFMO elevates COX-2
expression [8], has suggested the association of
DFMO with NSAIDs for colorectal cancer prevention,
and the combined administration of these compounds
showed an increased efficacy compared to their use as
single agents [109].

In this respect, the study of ODC gene metabolic
polymorphisms has recently prompted further interest
in combined therapy. The analysis of SNP +317 A/G
in intron 1 of the ODC gene has, in fact, suggested a
protective effect of aspirin on adenoma recurrence in
patients harboring an A/A genotype, probably due to
an increased catabolism of the polyamine pathway
caused by an increased activity of the SST enzyme
[110]. Large randomized clinical trials testing synergy
between DFMO and several NSAIDs for colorectal
cancer prevention are under way [9].

7.7 Ursodeoxycholic Acid

Cholic and chenodeoxycholic acids are the principal
end-products of cholesterol metabolism and are
secreted into the bile in the form of glycine and taurine
conjugates. Under the action of anaerobic colonic
microflora in the large bowel, they undergo enzymatic
deconjugation and dehydroxylation and further
biotransformation with the consequent production of
the secondary lithocholic and deoxycholic acids
(DCA) [111].

Recently, it has been reported that these secondary
bile acids are cytotoxic to colonocytes, stimulate inva-
sion and metastasis of colon carcinoma cells, and can
have tumor-promoting capabilities via activation of
multiple signaling pathways [112], mostly responsible
for a suppression of the p53 protein levels in response
to DNA-damaging agents (i.e. ionizing radiation), thus
altering intracellular signaling [113]. Furthermore,
DCA are capable of inducing mucin expression in
human colon carcinoma cells by increasing MUC2
transcription through a process involving the protein
kinase C (PKC) pathway [114].

Ursodeoxycholic acid (UDCA) is a synthetic bile
acid, an epimer of tumor-promoting deoxycholic acid,
and relatively more hydrophilic. The initially
suggested mechanisms for the chemopreventive effect

of ursodeoxycholic acid are induced reduction of the
deoxycholic acid colonic concentration, and a cytopro-
tective action due to lower hydrophobicity compared
to secondary bile acids [8].

Experimental animal studies have shown that
UDCA significantly inhibits COX-2 protein and
mRNA expression, through Ras/MAPK-dependent
and -independent mechanisms [115]. More recently, a
transcriptional pathway regulating COX-2 expression
involving Ras, p38 and C/EBP‚ has been proposed as a
target of UDCA’s chemopreventive actions [116].

The chemopreventive effect of UDCA has been
confirmed in preliminary clinical trials showing a
long-term protective effect on relapse of colorectal
cancer, a reduction in recurrence of adenomas with
high-grade dysplasia [117,118], a short-term decrease
of the proportion of DCA in fecal water and solids in
relation to UDCA [119], and a lower gastrointestinal
COX-2 expression [120].

7.8 Calcium and Vitamin D

The protective effect of calcium and vitamin D has
been suggested by epidemiological studies that show
an inverse correlation between their intake and the
incidence of colorectal cancer [95,121].

The likely mechanism of action of calcium might
reside in its ability to bind to bile acids, produced by a
diet rich in red meat and animal fats, and to influence
proliferation, differentiation, intracellular signals, and
mechanisms of cellular apoptosis. Indeed, it has been
shown that calcium intake induces a downregulation in
epithelial-cell proliferation in the colonic mucosa of
subjects at high risk of colon cancer [122], and can
have a differential protective effect, depending on the
genetic Ki-ras somatic mutations in human colon
cancer [123].

The mechanism by which vitamin D level may alter
cancer progression is explained by the action exerted
by its ligation with vitamin D receptor (VDR) that
seems to affect about 200 genes, some of which are co-
activator, or co-repressor, and nuclear proteins
involved in the regulation of cell proliferation, differ-
entiation, and apoptosis [124].

As proof of such assumptions, experimental
evidence has shown that vitamin D receptor knockout
mice exhibited enhanced growth in response to predis-
posing factors and showed evidence of enhanced
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cancer development and growth [125].
Several clinical trials have proposed that the intake

of calcium or vitamin D alone may be related to a
reduction in adenoma recurrence and to a lower risk of
colon cancer [9,95]. Consistent with these findings, a
recent randomized clinical trial showed that calcium
intake, either alone or in combination with vitamin D,
might be related to lower risk of all cancers including
CRC in postmenopausal women [126].

Despite these promising clinical results, however, a
significant major obstacle in the routine use of these
compounds as chemotherapeutic or chemopreventive
agents [9] is represented by their dose-limiting hyper-
calcemic effects.

7.9 Selenium

Selenium is an essential trace element found in cereals,
wheat, dairy products, meat, and fish and is a compo-
nent of a series of compounds, such as some enzymes,
and defined selenoproteins. A strong inverse associa-
tion between selenium intake and colon cancer risk has
been noted in several epidemiological studies and
animal models [8,9]. The antioxidative and anti-
inflammatory properties of selenoenzymes may
explain the chemopreventive effect of selenium on
CRC. In fact, recent studies highlight the correlation
between genetic variants in selenoenzymes, abun-
dantly expressed in thecolon, and increased colorectal
adenoma risk [127].

Although several biochemical pathways through
which tumorigenesis is inhibited are currently
acknowledged, the precise mechanisms by which sele-
nium may prevent carcinogenesis are not yet known
[128,129]. Experimental evidence has shown that
several selenoprotein enzymes can increase DNA
repair, activating the p53 tumor suppressor protein by
a redox mechanism [128], and are important for matu-
ration and activity of p53-mediated apoptosis [129].

Further experimental evidence has also helped to
highlight the relationship between the metabolism of
selenium and its chemopreventive effect on CRC,
showing that selenium inhibits growth of colon cancer
cells in vivo and in vitro, through the activation of
AMPK via the downstream COX-2/PGE2 pathway
[130].

Selenium compounds used in cancer-prevention
studies include the organic amino acid derivatives

selenomethionine, selenocystein, and Se-methyl-
selenocystein, inorganic salts selenite and selenate, as
well as various synthetic inorganic compounds [130].

Several chemoprevention trials have been
conducted using selenium supplementation in patients
with sporadic colorectal adenomas and in healthy
subjects, to investigate further whether selenium
supplementation can reduce the cancer risk.

Combined analysis of pooled data from three
randomized trials – the Wheat Bran Fiber Trial [131],
the Polyp Prevention Trial [132], and the Polyp
Prevention Study [133] – revealed that subjects with
baseline blood selenium levels in the highest quartile
had a significantly lower risk of adenoma recurrence
when compared with those in the lowest quartile [134].

Primary and secondary prevention clinical trials
that are currently in progress, such as the Selenium and
Vitamin E Cancer Prevention Trial (SELECT), will
provide further information not only about the inverse
association observed between higher blood selenium
concentration and adenoma or colorectal cancer risk,
but also regarding some emerging evidence that sele-
nium may affect not only cancer risk but also progres-
sion and metastasis [135,136].

7.10 Conclusion

Development of CRC is a multistep process, which
results from complex and incompletely understood
interactions between genes and the environment;
therefore early detection and cancer prevention is
certain to be a significant focus of translational
research and intervention in the future, particularly
since prevention of initiation requires lower doses of
chemopreventive agents than effective inhibition or
reversal of neoplastic progression.

At present, the chemopreventive action of various
substances, such as NSAIDs, NO-NSAIDs, and folate,
has been described, even if the ideal chemopreventive
agent remains to be discovered, and several other
questions regarding patient selection, optimal dosage,
duration, and knowledge about the mechanism(s) by
which these drugs act, need an answer [9].

A chemopreventive drug should have an efficacy of
about 100% and an ideal safety profile; clearly, the
risk versus benefit of any therapeutic intervention
needs to be cautiously considered. For example,
aspirin and NSAIDs, while appearing to be effective
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chemopreventive agents, have significant side-effects,
such as gastrointestinal hemorrhage and stroke, which
may limit their use for this indication; folate,
ursodeoxycholic acid, and high-selenium yeast could
represent potentially safer and cheaper alternatives,
provided that they are shown to be effective in
randomized controlled clinical trials. The effectiveness
of chemoprevention could be improved through
combinations of agents, limiting drug toxicity, and
to be useful, any strategy of chemoprevention should
be combined with screening and surveillance
colonoscopy [137].

Further investigations of the metabolism of chemo-
preventive agents and of the enzyme polymorphisms
involved in carcinogenesis are required, in order to
conculsively identify which agents are most likely to
be effective in particular genotype groups [8].
However, all the research and interest in pharmaceu-
tical chemopreventive agents should not neglect the
epidemiological evidence that lifestyle choices, such
as regular physical exercise and a healthy diet will
reduce an individual’s risk of colorectal and other
cancers. Indeed, it is estimated that up to 80% of
colorectal cancers may be preventable by dietary
change [138]. In conjunction with dietary measures,
chemoprevention is currently being investigated in the
population and in high-risk groups, since the achieve-
ment of this important goal may contribute to the
conversion of CRC into a largely preventable disease
[94,95].
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Abstract Radiology plays a critical role in the diagnosis and management of patients
with colorectal polyps and cancer. Newer techniques, particularly virtual
colonoscopy (VC), including computed tomography colonography (CTC), magnetic
resonance colonography (MRC), and positron emission tomography (PET)/CTC may
offer attractive alternatives for healthcare provider recommendation and patient use.
With the exponential development in computer processing power, CT, MR, and
PET/CTC offer numerous advantages over more traditional methods of radiological
diagnosis, and provide essential information not only for initial diagnosis, but also for
management, follow-up and detection of potential complications. Will CT, MR, and
PET/CTC replace conventional colonoscopy in the future? We do not believe so at
present.
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The Role of Imaging in Colonic
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8.1 Introduction

Radiology plays a critical role in the diagnosis and
management of patients with colorectal cancer. The
double-contrast barium enema (DCBE) may be used
for screening, especially for patients who are at higher
than normal risk. It is also a method for diagnosing
symptomatic colorectal cancer and for detecting
complications such as obstruction or perforation.

Radiological examination of the colon can be
performed with either single- or double-contrast tech-
nique. In most cases DCBE is superior for examination
of the rectum and detection of small lesions [1]. In
most cases, the role of radiology is to detect the pres-

ence of a polyp. A polyp is simply a protrusion of the
mucosa into the bowel lumen. Therefore, it may be
demonstrated as a radiolucent filling defect, as a
contour defect, or as a ring shadow. The greatest and
most frequent difficulty arises in distinguishing polyps
from fecal residue. In general, fecal residue is mobile
and is usually found on the dependent surface in the
barium pool. In addition, several features may suggest
that the filling defect represents a true polyp. Benign
polyps appear as sessile soft tissue masses that
protrude into the lumen of the bowel. The typical early
colon cancer is a flat, sessile lesion that may produce a
contour defect. A number of radiological criteria have
been used for the detection of malignancy in colorectal
polyps; the most important one is the size of the polyp.
Malignant polyps tend to grow more quickly than
benign polyps, although there is considerable overlap
between the two groups. The presence of a long thin
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stalk is generally a sign of a benign polyp. If the head
of the polyp is irregular or lobulated, the probability of
malignancy is greater, although some benign polyps
may have an irregular or lobulated surface (Fig. 8.1).
The advanced lesions are generally annular or poly-
poid tumors seen as filling defects in the barium
column, or as contour defects. Advanced cancers are
often associated with “sentinel” polyps or additional
polyps elsewhere in the colon. For this reason, when-
ever possible, the entire colon should be examined
even when a carcinoma is encountered in the distal
bowel. Carcinomas are particularly difficult to detect
in patients with extensive diverticular disease of the
sigmoid colon. If the radiological examination leaves
any doubt regarding the presence of a carcinoma,
virtual colonoscopy (VC) or flexible sigmoidoscopy
should be recommended to confirm or exclude lesions
in the sigmoid colon [1].

The most important complications of colorectal
cancer include bleeding, bowel obstruction, and perfo-
ration with a pericolic abscess, or it may lead to a
fistula to adjacent organs such as the stomach,
duodenum, bladder, or vagina. The fistulous commu-

nication can be demonstrated by barium study or by
the extracolonic presence of gas or contrast medium on
computed tomography (CT) scans.

However, abdominal ultrasound is needed for
assessment of distant metastases, and CT or magnetic
resonance imaging (MRI) should be added for even
more complete evaluation.

Patients who have had surgery for colorectal carci-
noma undergo frequent postoperative examinations
because of their relatively high risk of developing a
second metachronous carcinoma. Ileocolic and colo-
colic anastomoses can be demonstrated in detail by
DCBE examination. DCBE examination of the
residual colon can usually be performed through
colostomy [1].

Familial adenomatous polyposis syndrome (FAPS)
is a relatively rare condition, but it is the most common
of the polyposis syndromes [2]. FAPS is associated
with the development of adenomas. The polyps
involve all portions of the colon but may first appear
distally. Thus, screening by procto-sigmoidoscopy
(and colonoscopy or barium enema if adenomas are
found) of all family members at risk for the disease is
required.

The radiographic appearance of the colon in FAPS
varies. Classically, innumerable small or moderate-
sized filling defects carpet the entire colon. However,
particularly in younger patients, the polyps may be
more widely scattered. Correlation with colectomy
specimens has shown that barium enemas significantly
underestimate the number of polyps, especially in
young patients whose polyps are usually less than 3
mm in diameter [3]. Carcinomas may present as a
dominant polyp, a saddle lesion, or a typical infil-
trating lesion. As in the general population, carci-
nomas are more commonly found in the left side of
the colon.

Hamartomas of the Cronkhite–Canada, multiple
hamartoma, and juvenile polyposis syndromes have
similar histological features and share some radiolog-
ical features [1–3].

Double-contrast examination of the alimentary tract
is an accurate radiographic study for diagnosing these
polyps. Enteroclysis is recommended for the diagnosis
of small bowel polyps or obstruction. On CT scans,
single and multiple Peutz–Jeghers polyps can be
detected as soft tissue masses within the contrast-
medium-filled intestinal loops.

Cross-sectional imaging modalities may also be

Fig. 8.1 Double-contrast barium enema examination of the
sigmoid colon shows a polypoid mass vegetating within the
bowel lumen
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helpful for the diagnosis of extra-intestinal abnormali-
ties. Cronkhite–Canada polyps are usually detected by
this method, and are typically sessile in configuration.

The disease is best demonstrated radiographically
with use of double-contrast techniques [1–3]. In the
stomach, innumerable small to moderate-sized polyps
carpet the mucosal surface, usually in its entirety. The
small bowel, particularly the duodenum and terminal
ileum, may contain multiple small polyps. The colon
is diffusely involved but not to the extent seen in the
stomach. Carpeting of the mucosa by polyps is less
often seen in the colon. Despite the fact that the polyps
are non-neoplastic, approximately 15% of reported
patients have developed malignant neoplasms,
including both gastric and colonic adenocarcinoma.
The isolated juvenile polyp is the most common tumor
of the colon in childhood. These patients most often
present with painless rectal bleeding, and occasionally
with a prolapsed rectal polyp; 60% of the polyps are
located proximal to the rectum and sigmoid colon.
The polyps are sessile or pedunculated, usually
reddish, and often superficially ulcerated; they vary
from 2 mm to more than 5 cm in diameter, and most
patients have no family history of polyposis, so that
the lesions presumably result from environmental
factors or genetic mutations. Colonoscopy or DCBE
should be performed for any child suspected of having
a polyp.

Patients first diagnosed with juvenile polyposis of
the colon should be further evaluated with DCBE or
endoscopy for determining the presence of polyps
elsewhere in the gastrointestinal tract. Because of the
familial nature of the disease, management should be
directed not only to the patient but also to the patient’s
family. The juvenile polyps are unevenly distributed
throughout the gastrointestinal tract, with the small
bowel and colon most severely involved [1–3].

When used appropriately, screening for CRC can
reduce disease-related morbidity and mortality [4].
Current methods include fecal occult blood testing
(FOBT), flexible sigmoidoscopy, DCBE, and conven-
tional colonoscopy (CC); all are cost-effective tech-
niques. Unfortunately, offering an array of options has
not increased screening utilization, which continues to
lag behind that of other common cancers [5]. Newer
techniques, particularly VC, including computed
tomography colonography (CTC), magnetic resonance
colonography (MRC), and positron emission tomog-
raphy (PET)/CTC may offer attractive alternatives for

healthcare provider recommendation and patient use
[6].

When used appropriately, screening for CRC can
reduce disease-related morbidity and mortality [7].
Recent studies stress the fact that finding and resecting
advanced adenomatous polyps, and thereby preventing
cancer, is becoming a primary objective of screening
programs. Several papers also show the potential of
newly emerging methods of screening by imaging the
colon with VC [8]. The sensitivity of VC for large
adenomas and CRC appears to be high, although
results vary by center and there is a steep learning
curve.

VC is a new method for studying the colon. It
consists of acquisition of CT, MR, and PET/CT
images and can elaborate them with a workstation,
creating endoluminal vision as good as traditional
colonoscopy does, permitting the complete exploration
of colonic lumen, and of tumoral stenosis [9]. Analysis
of the differences between CT, MR, and PET/CT
colonography shows that these techniques present both
advantages and disadvantages, such as the impossi-
bility of performing MR in patients with a pacemaker,
or in claustrophobic patients, and the impossibility of
performing CT with iodinated agents in patients with
renal failure or with a history of adverse reactions. The
increased use of these techniques is due to the high
sensitivity of new-generation CT, MR, and PET/CT
machines, the increased spatial resolution, specific
software for digital cleaning of the colon, the introduc-
tion of high-end workstations, and the possibility of
computer-assisted diagnosis (CAD) [10]. Therefore, it
is desirable that the increasing spread of multidetector
CT devices and future technical innovations should
have the effect of increasing the use and experience of
VC in various diagnostic centers, enabling increased
use of VC as a screening tool [11].

Current CT techniques require meticulous bowel
preparation and gas insufflation prior to the examina-
tion. With new multidetector CT scanners, the proce-
dure requires a scan time of about 25–30 s, and seda-
tion is not used. The advantages of CTC over CC
include its safety, its ability to demonstrate the entire
large bowel in almost all patients, even following
incomplete endoscopy, and to accurately localize
lesions, and examine the entire colon in patients with
obstructing tumors. Additionally, CTC allows simulta-
neous preoperative tumor staging. There are few
reported complications from CTC [12,13].
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Screening for colorectal polyps is a controversially
discussed indication for CTC. Sensitivity and speci-
ficity range widely and decrease with decreasing polyp
size. Most frequently, the examination is well toler-
ated and assessed by patients to be more acceptable
than CC [14]. CTC seems sufficiently sensitive and
specific in the detection of large and medium polyps
[15,16]. The sensitivity of CTC was heterogeneous but
improved as polyp size increased (48% for detection of
polyps <6 mm, 70% for polyps between 6 and 9 mm,
and 85% for polyps >9 mm) [14,15]. Characteristics of
the CTC scanner, including width of collimation, type
of detector, and mode of imaging, explained some of
this heterogeneity. In contrast, specificity was homog-
enous (92% for detection of polyps <6 mm, 93% for
polyps from 6 to 9 mm, and 97% for polyps >9 mm)
(Fig. 8.2). CTC is highly specific, but the range of
reported sensitivities is wide [17]. Patient or scanner
characteristics do not fully account for this variability,
but collimation, type of scanner, and mode of imaging
explain some of the discrepancy. This heterogeneity

raises concerns about consistency of performance and
about technical variability. These issues must be
resolved before CTC can be advocated for generalized
screening for CRC [18].

Because CRC has widely varying appearances in
both endoscopy and CTC, familiarity with the gamut
of morphologic appearances can help improve inter-
pretation of the results [19,20]. The addition of intra-
venous contrast material to CTC can aid differentiation
of true colonic masses from pseudolesions such as
residual stool, and improves the depiction of
enhancing masses that might otherwise be obscured by
residual colonic fluid [21]. In contrast to staging of
most other tumors, staging of CRC depends more on
the depth of tumor invasion than on the size of the
primary mass. The diverse appearances of colorectal
cancers at two- and three-dimensional CTC include
sessile, annular, ulcerated, necrotic, mucinous, inva-
sive, and non-invasive lesions [22]. Imaging pitfalls
that can simulate or obscure neoplasms are retained
fecal material or fluid, incomplete distention, and

Fig. 8.2a,b Colonography of the right colon. The CT examination shows a polypoid lesion originating from the medial wall of the
right colon, protruding within the bowel lumen (arrow in a); the stalk can also be depicted on CT colonography

a b
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advanced diverticulosis [23]. Contrast-enhanced CTC
can simultaneously evaluate metastatic disease, local
recurrence, and metachronous neoplasia in CRC, or in
recurrent CRC. Contrast-enhanced CTC has the poten-
tial to detect local recurrence, metachronous disease,
and distant metastases in patients with a history of
invasive CRC. Suboptimal sigmoid distention can be
seen on contrast-enhanced CTC, predominantly in
patients with right hemicolectomies [24]. Contrast-
enhanced CTC is a promising method for detecting
local recurrence, metachronous disease, and distant
metastases in patients with prior invasive CRC. The
technique can also serve as a useful adjunct to
colonoscopy by detecting local recurrences or
metachronous disease that are endoscopically obscure,
or by serving as a full structural colonic examination
when endoscopy is incomplete [25].

8.2 Magnetic Resonance Colonography

Magnetic resonance colonography (MRC) has gained
access into clinical routine as a means of assessing the
large bowel. There are widely accepted indications for
MRC, especially in patients with incomplete CC.
Furthermore, virtual MRC is increasingly propagated
as a screening tool, with particular advantages inherent
to the non-invasive character of the procedure and the
lack of exposure to ionizing radiation. Beyond a suffi-

ciently high diagnostic accuracy, outstanding patient
acceptance is a major advantage of MRC as a diag-
nostic modality [26]. A precondition for establishment
of MRC as a diagnostic tool in secondary prevention
of CRC is not only high diagnostic accuracy but also a
good acceptance among patients [27].

Dark-lumen MRC has failed to detect all polyps
smaller than 5 mm in diameter; these are generally not
clinically relevant at the moment of their detection and
thus can be kept under surveillance. However, MRC as
a non-invasive imaging modality is a promising alter-
native to CC in the detection of clinically relevant
polyps larger than 5 mm in diameter [28]. In patients
at increased risk for CRC, specificity of MRC by using
limited bowel preparation was high, but sensitivity
was modest [29–31].

MRC is useful for detection of colonic pathology
and assessment of the proximal colon in patients with
colonic cancer after incomplete colonoscopy [32,33]
(Fig. 8.3). A meta-analysis investigated MRC versus
colonoscopy as a diagnostic investigation for CRC.
This study suggested that MRC is an imaging tech-
nique with high discrimination for cases presenting
with CRC. However, the exact diagnostic role of MRC
needs to be clarified. Further evaluation is necessary to
refine its applicability and diagnostic accuracy in
comparison with other imaging methods such as CTC
[34]. MRC could be useful in screening programs of
patients at high risk for colon cancer. Patients with

Fig. 8.3a,b MR colonography. a, Coronal true FISP (fast imaging with steady-state precision) image following the administration of
polyethylene glycol shows a polypoid lesion within the bowel lumen (arrow). b, T1 weighted image on coronal plane showing the
same lesion

a b
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MRC-detected endoluminal lesions must undergo CC
for histological diagnosis [35].

8.3 Computed Tomography

Colonography Versus Magnetic

Resonance Colonography

A meta-regression technique was performed to
compare the diagnostic accuracy of CTC and MRC,
compared with CC for patients presenting with CRC.
Overall sensitivity and specificity of CTC (both 95%)
and MRC (both 95%) in detection of CRC were
respectively similar. Meta-regression analysis showed
no significant difference in the diagnostic accuracy of
the two modalities. Both tests showed a large area
under the summary receiver operating characteristic
curve, with high diagnostic odds ratios. Factors that
enhanced the overall accuracy of MRC were the use of
intravenous contrast, fecal tagging, and exclusion of
low-quality studies. This meta-analysis suggested that
CTC and MRC have similar diagnostic accuracy in
detecting CRC. Study quality, size and intravenous/
intraluminal contrast agents affect diagnostic accura-
cies. For an exact comparison to be made, studies eval-
uating CTC, MRC, and CC in the same patient cohort
would be necessary [36,37].

8.4 Virtual Colonoscopy Versus

Conventional Colonoscopy

CTC is reliable for detecting lesions that are 6 mm or
larger in size. It permits evaluation of the region prox-
imal to an occlusive growth, which is often impossible
with CC [37]. CTC is a good imaging tool for the
exclusion of CRC in a population unfit for or unable to
complete colonoscopy or barium enema, with reason-
able sensitivity and specificity for detection of CRC
[38]. MRC is a promising modality with high accuracy
for detecting colorectal polyps larger than 5 mm in
diameter. In inflammatory bowel disease (IBD), MRC
can be used to assess disease activity, including
spreading [39,40]. In detecting colonic lesions, MRC
achieved a diagnostic accuracy similar to CC.
However, MRC is minimally invasive, with no need
for sedation or analgesics during investigation. There
is a lower percentage of perforation risk, and all colon

segments can be evaluated due to multisectional
imaging availability; intramural, extra-intestinal
components of colonic lesions, metastasis, and any
additional lesions can be evaluated easily [41]. MRC is
a feasible and useful method of evaluating the entire
colon in patients with incomplete CC. The majority of
patients find MRC less unpleasant than CC, and a
majority would prefer MRC over CC for a future colon
examination. MRC also appears to be less time
consuming than CC with postprocedural monitoring,
for patients and medical personnel [42,43]. MRC
proved reliable in evaluating the majority of colonic
segments that were inaccessible with CC [44]. The
identification of additional disease at MRC under-
scores the need for a second diagnostic step in the
setting of incomplete CC [44].

8.5 Complications and Limitations

Perforation of the colon and rectum is a rare complica-
tion of VC. Older age and underlying concomitant
colonic disease were present in patients with perfora-
tion [45]. The cancer risks associated with the radia-
tion exposure from VC are unlikely to be zero, but
they are small. A best estimate for the absolute lifetime
cancer risk associated with the radiation exposure
using typical current scanner techniques is about
0.14% for paired VC scans for a 50-year-old, and
about half that for a 70-year-old. These values could
probably be reduced by factors of five or ten with opti-
mized VC protocols [46].

There are many differences between the studies
with high sensitivity (94%) [47]. Additional obstacles
for implementation in prevention of CRC may be
controversial results concerning patient acceptance,
the large-scale use of ionizing radiation, difficulties in
detecting flat adenomas, and extracolonic findings
[48]. Flat lesions and small polyps are the other two
main causes for missed lesions at eight multi-detector
rows CTC [49,50]. Currently, CTC is less cost-effec-
tive than conventional endoscopy [51]. CTC and MRC
present both advantages and disadvantages, such as the
impossibility of performing MR in patients with a
pacemaker or in claustrophobic patients, and the
impossibility of performing CT with iodinated agents
in patients with renal failure or with a history of
adverse reactions [52,53]. Although application of
PET and PET/CT in CRC diagnosis, staging and
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restaging has been widely accepted by oncologists,
there are no data relating to PET/CTC in CRC
screening. However, in high-risk patients and follow-
up of CRC patients after treatment, the examination is
still cost-effective. The dose of radiation exposures for
the patient who accepts this examination is another
major problem, which should be further studied in the
near future [52,53].

8.6 Cost-Effectiveness Issues

CTC is an effective screening test for colorectal
neoplasia. However, it is more expensive and gener-
ally less effective than CC. CTC can be reasonably
cost-effective when its diagnostic accuracy is high, as
with primary three-dimensional technology, as the
costs are about 60% of those of CC. Overall, CTC
technology will need to improve its accuracy and reli-
ability to be a cost-effective screening option [54].
CRC screening is cost-saving in Italy, irrespective of
the technique applied. CTC appears to be more cost-
effective than flexible sigmoidoscopy, and it may also
become a valid alternative to CC [55]. VC involves a
CT or MR scan of the abdomen and pelvis to detect
colorectal polyps and cancer. Both modalities have
shown promising sensitivity in revealing larger polyps,
in comparison with CC. Caution should be exercised
in its clinical implementation, due to significant inter-
observer variation and individual learning curves.
CTC can be performed cost-effectively compared to
CC. CTC may be recommended in preference to
DCBE after incomplete CC.

With the exponential development in computer
processing power, CT, MR, and PET/CT colonog-
raphy offer numerous advantages over more traditional
methods of radiological diagnosis, and provide essen-
tial information not only for initial diagnosis, but also
for management, follow-up, and detection of potential
complications. Will CT, MR, and PET/CT colonog-
raphy replace conventional colonoscopy in the future?
We do not believe so at present. However, combined
with several derivative techniques on the horizon
involving stool DNA testing, computer-aided detec-
tion, and PET/MRI colonography, these techniques
may further improve the specificity and sensitivity of
imaging modalities in CRC screening and save the
colonoscopy resource for those patients who need
treatment.
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Abstract Accurate preoperative staging of rectal polyps and early invasive rectal
cancer may determine the choice between a submucosal or a full-thickness excision,
or even a radical resection. Imaging modalities used for local staging include
computed tomography, two-dimensional endorectal ultrasonography (2D-ERUS),
and magnetic resonance. The new technique of high-resolution three-dimensional
ERUS, constructed from a synthesis of standard 2D cross-sectional images, promises
to further improve the accuracy. This tool seems to offer the best information on the
depth of tumoral submucosal invasion and presence of mesorectal lymph node metas-
tases, and may guide surgical planning. It also has the advantage of being an office-
based procedure and is well tolerated, with fast acquisition times and relatively low
cost.
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9.1 Introduction

Benign rectal polyps are treated by endoscopic resec-
tion or local excision. The coexistence of malignancy
(reported rate 2–10%) may change the therapeutic
strategy [1–3]. It is important for the management of
early invasive rectal cancer to classify the depth of
submucosal invasion. When the depth of submucosal
invasion is slight, there is no risk of regional lymph
nodes metastases and cure can be achieved by local
resection. However, if the depth of submucosal inva-
sion is massive, the risk of lymph nodes metastases is

substantial, and radical resection is necessary [4–8]. It
follows that an accurate preoperative staging of rectal
villous lesions is mandatory in therapeutic decision
making.

Currently, conventional two-dimensional endorectal
ultrasound (2D-ERUS) is the most sensitive technique
for the assessment of early invasive rectal cancer. An
accuracy rate between 81% and 92% has been
reported, but series are small and are from single insti-
tutions [9–16]. This technique has some important
limitations: interpretation of the images is highly oper-
ator dependent and is based on real-time examination.
The recent advent of high-resolution three-dimen-
sional (3D) ERUS, constructed from a synthesis of
standard 2D cross-sectional images, and of ‘volume
render mode’ (VRM), a technique to analyze informa-
tion inside a 3D-volume by digitally enhancing indi-
vidual voxels, promises to enhance the accuracy of
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ERUS in detecting the presence of tumor invasion in
rectal polyps and in selecting appropriate candidates
for local therapy [17–19].

This chapter is devoted to discussing the method for
generating and using 3D-ERUS, particularly with
regard to the advantages of this application in the
preoperative staging of early invasive rectal tumors.

9.2 Equipment and Technique

The most widely used ERUS system is the B-K
Medical scanner (ProFocus 2202, B-K Medical A/S,
Mileparken 34, DK-2730 Herlev, Denmark) with a
hand-held rotating endoprobe type 2050, which gives a
360° axial view of the rectal wall, and a built-in 3D
automatic acquisition system (Fig. 9.1) [20]. The
radial probe has a 270 mm metal shaft with a double
crystal at its tip, frequency range from 6.0 to 16.0
MHz, and 90° degree scanning plane. It is rotated at
4–6 cycles/s to get radial scan of the rectum and
surrounding structures. The probe is covered with a
latex balloon that is filled with degassed water to
maintain acoustic coupling between the transducer and
the tissue [20]. It is important to eliminate all bubbles
within the balloon to avoid artifacts that limit the
overall utility of the study. The rectum can be of
varying diameters, and therefore the volume of water
in the balloon may have to be adjusted intermittently.

The acquisition of a 3D data volume and the under-
lying techniques are different from application to
application. With the conventional 2D ultrasound, the
screen resolution is measured in number of pixels (the
display matrix), with each pixel having x- and y-plane
only. A 3D model may be constructed from a synthesis
of a high number of parallel transaxial 2D images
(Fig. 9.2) [17]. Such reconstruction is possible by
combining the ultrasound apparatus and the integrated
computer technology with 3D software (BK3Di, B-K
Medical, Herlev, Denmark). Adding the third dimen-
sion means that the pixel is transformed in a small 3D
picture element called a voxel. Ideally, a voxel should
be a cubic structure; however, the dimension in the
z-plane is often slightly larger than that in the x- and
y-planes. The depth of the voxel is critical to the reso-
lution of the 3D image, and this depth is directly
related to the spacing between two adjacent images.
High-resolution 3D ultrasound acquires four to five
transaxial images sampled per millimeter of acquisi-

tion length in the z-plane. This means that an acquisi-
tion based upon a sampling of transaxial images over a
distance of 60 mm in the human body will result in a
data volume block consisting of between 240 and 300
transaxial images. High-resolution data volumes will
consist of typical voxel sizes around 0.15×0.15×0.2
mm. Because of this resolution in the longitudinal
plane, which is close to the axial and transverse resolu-
tion of the 2D image, this technique ensures true
dimensions of the 3D data cube in the reconstructed
z-plane as well, and provides accurate distance, area,
angle, and volume measurements [17]. The 2050
probe is designed so that no moving parts come in
contact with human tissue. The transducer’s 360°
rotating head, the proximal–distal actuation mecha-

Fig. 9.1 B-K Medical anorectal probe type 2050

Fig. 9.2 Schematic model for acquisition of 3D anorectal endo
image as a synthesis of a high number of parallel transaxial 2D
images
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nism, and the electronic mover are fully enclosed
within the housing of the probe.

The ability to visualize information in the 3D image
depends critically on the rendering technique [17].
Three basic types of technique are used:
1. Surface render mode: an operator or algorithm

identifies the boundaries of the structures to create a
wire-frame representation. It is the most commonly
known version of render mode and it is extensively
used by some medical centers in producing perhaps
the very first images of an unborn baby’s facial
contours. Surface rendering techniques only give
good results when a surface is available to render.
These techniques fail when a strong surface cannot
be found such as in the subtly layered structures
within the anal canal and the rectal wall.

2. Multiplane viewing techniques: three perpendicular
planes (axial, tranverse, and longitudinal) are
displayed simultaneously and can be moved,
rotated, tilted, and sliced to allow the operator to
infinitely vary the different section parameters and
visualize the lesion at different angles, and to get
the most information out of the data. After data are
acquired it is immediately possible to select coronal
anterior–posterior or posterior–anterior as well as
sagittal right–left views. The multiview function
allows the operator to see up to six different and
specialized views at once with real-time reconstruc-
tion (Fig. 9.3).

3. Volume render mode: this is a special feature that
can be applied to high-resolution 3D data volume so
information inside the cube is reconstructed to some
extent. This technique uses a ray-tracing model as
its basic operation. A ray or beam is projected from
each point on the viewing screen (the display) back
into and through the volume data. As the ray passes
through the volume data it reaches the different
elements (voxels) in the data set. Depending on the
various render mode settings, the data from each
voxel may be discarded, they may be used to
modify the existing value of the ray, or they may be
stored for reference to the next voxel and used in a
filtering calculation. All of these calculations result
in the current color or intensity of the ray being
modified in some way. In normal VRM, the
following four different post-processing display
parameters can be used:
(a) opacity: sets the relative transparency of the

volume. The higher the value, the further into
the volume the ray can travel before being
terminated. Because of accumulated brightness
as the ray traverses the volume, the net effect is
to make the volume appear brighter as this
control value is increased;

(b) luminance: sets the inverse of the self-lumi-
nance value for the pixels, and should be used in
conjunction with the opacity control for
displaying certain voxel values for optimal visu-

Fig. 9.3a,b Multiplane viewing technique. This function allows
the operator to see different and specialized views at once.
Reproduced from [20]

a

b
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alization. The final image impression should be
adjusted to the reader’s requirements by setting
the normal brightness and contrast controls;

(c) thickness: sets an upper limit to the penetration
of the rays into the volume. This value is used in
conjunction with the opacity parameter to deter-
mine when the ray traversal is terminated.
Increasing the thickness setting allows deeper
penetration, and the result is often a slightly
smoother presentation together with a signifi-
cant increase in the visual depth impression of
an interface;

(d) filter: sets the lower threshold value for pixel
intensities. Pixel values less than the filter value
are not included in determining the intensity of
the ray final value.

Endorectal ultrasound is usually performed with the
patient in the left lateral decubitus position. An enema
is administered 2 h before the examination. Initially, a
digital examination should identify the size, fixation,
morphology, and location of the tumor, if it is low
enough. Proctoscopy with a dedicated rectosigmoido-
scope (A.4522, Sapimed, Alessandria, Italy) is then
performed (Sapimed, Alessandria, Italy) [21]. It allows
visual examination of rectal lesions with exact deter-
mination of location with respect to both circumferen-
tial involvement of the rectal wall and the distance
from the anal verge. Once the upper third of the rectum
is reached, the endosonic probe is introduced through
the rectosigmoidoscope. The presence of a double-
graduated scale to measure the distance of the tip of
the proctoscope and the tip of the probe from the anal
verge, respectively, allows ascertainment of the correct
positioning of both devices. The balloon is then filled,
and the entire rectum down to the anal sphincter is
evaluated while progressively withdrawing the
conjoined probe and rectoscope. This is of extreme
importance, as the lower border of a rectal lesion can
differ significantly in the depth of invasion from
the center or upper portions, and lymph nodes in the
peri-rectal region are often just above the level of the
tumor and will be missed if complete imaging is not
obtained [21].

On the screen, the anterior aspect of the rectum will
be superior (12 o’clock), right lateral will be left
(9 o’clock), left lateral will be right (3 o’clock), and
posterior will be inferior (6 o’clock) (just like the
image on axial computed tomography (CT) scan). The
tip of the ultrasound probe should be maintained in the

center of the rectal lumen to gain optimal imaging of
the rectal wall and peri-rectal structures.

9.3 Ultrasound Anatomy

On ultrasound, the normal rectal wall is 2–3 mm thick
and is composed of a five-layer structure [22]. The
first hyperechoic layer corresponds to the interface of
the balloon with the rectal mucosal surface, the second
hypoechoic layer to the mucosa and muscularis
mucosa, the third hyperechoic layer to the submucosa,
the fourth hypoechoic layer to the muscularis propria,
and the fifth hyperechoic layer to the serosa or to the
interface with the fibrofatty tissue surrounding the
rectum (mesorectum) (Fig. 9.4). The mesorectum
contains blood vessels, nerves, and lymphatics and has
an inhomogeneous echo pattern. Very small, round to
oval, hypoechoic lymph nodes should be distinguished
from blood vessels, which also appear as circular
hypoechoic structures. Three-dimensional ERUS
offers a valuable supplement to conventional 2D-
ERUS [20]. The five layers of the rectal wall are
clearly illustrated in the coronal plane as well as in the

Fig. 9.4 Two-dimensional ultrasonographic five-layer structure
of the normal rectal wall. The first hyperechoic layer (1) corre-
sponds to the interface of the balloon with the rectal mucosal
surface, the second hypoechoic layer (2) to the mucosa and
muscolaris mucosa, the third hyperechoic layer (3) to the
submucosa, the fourth hypoechoic layer (4) to the muscularis
propria, and the fifth hyperechoic layer (5) to the serosa or to the
interface with the mesorectum
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transaxial and sagittal planes (Fig. 9.5). Blood vessels
can be followed longitudinally and distinguished from
lymph nodes (Fig. 9.6).

9.4 Ultrasonographic Staging

Ultrasonographic criteria to determine the depth of
tumor invasion in early rectal cancer, based on the
classification proposed by Akasu et al [12], are as
follows:
• benign lesion (uT0): the mucosal layer is expanded

but the submucosal layer remains intact around the
entire breadth of the tumor (Fig. 9.7)

• submucosal cancer (uT1): the hyperechoic submu-

cosal layer is irregular or interrupted, consistent
with tumor invasion. The depth of submucosal
cancer invasion is classified in two subtypes: uT1-
slight (SM-s: extent limited to the upper third of the
third layer. The fourth hypoechoic layer of the
muscularis propria appears intact) (Fig. 9.8) and
uT1-massive (SM-m: tumor invasion extended to
the middle or lower third of the third layer. The
fourth hypoechoic layer is thickened consistent with
peritumoral inflammation and desmoplastic reac-
tion) (Fig. 9.9) [12,23]

• if a distinct break is seen in the submucosal layer,
the muscularis propria has been invaded (uT2
lesion) (Fig. 9.10)

• undetectable or benign lymph nodes are classified
as uN–

• pathologic lymph nodes (uN+) appear as circular or
slightly oval-shaped structures, often with an irreg-
ular border, and with an echogenicity similar to the
primary tumor (Fig. 9.11) [24,25].

9.5 Accuracy

Sonographic evaluation of a villous rectal lesion is
helpful in determining the presence of tumor invasion.
The presence of an intact hyperechoic submucosal
interface indicates lack of tumor invasion into the
submucosa. Heintz et al [26] reported that ERUS
cannot differentiate between villous adenoma and
invasive cancer because neither the muscularis mucosa
nor the submucosa is sonographically definable, and
that the first hypoechoic layer corresponds anatomi-
cally with the mucosa and the submucosa. They
suggested that uT0 and uT1 tumors, which manifest as
a broadening of the first hypoechoic layer, should be
classified together. Instead Adams and Wong [14]
considered the first hypoechoic layer as the mucosa
and muscularis mucosa, and the middle hyperechoic
layer as the submucosa. Consequently, for such
authors, lesions that expand the inner hypoechoic layer
and are surrounded by a uniform middle hyperechoic
layer represent villous adenoma, and lesions that
expand the inner hypoechoic layer and have distinct
echo defects of the middle hyperechoic layer are
considered uT1 tumors.

According to the literature, 2D-ERUS is the most
accurate technique for determining the depth of tumor
invasion in early-stage rectal cancer [27,28]. In a

Fig. 9.5 Three-dimensional ultrasonographic five-layer struc-
ture of the normal rectal wall

Fig. 9.6 Blood vessels can be followed longitudinally and
distinguished from lymph nodes on reconstructed coronal plane
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Figure 9.7a–d uT0 rectal lesions. The mucosal layer is expanded and the presence of an intact hyperechoic submucosal interface
indicates lack of tumor invasion into the submucosa (b, arrows)

Fig. 9.8a,b uT1 rectal tumors with slight submucosal invasion [SM-s: extent limited to the upper third of the third layer (arrows)].
The fourth hypoechoic layer of the muscolaris propria appears intact

a b

c d

a b
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systematic literature review, Worrell et al [10] reported
that ERUS correctly established a cancer diagnosis in
81% of 62 biopsy-negative rectal adenomas that had
focal carcinoma on histopathology. In another study
from the Cleveland Clinic Florida [13], the final
pathology results confirmed the preoperative ERUS
diagnosis of non-invasive villous rectal tumors in 26
out of 27 patients. Doornebosch et al [29] recently
reported that ERUS is very reliable in diagnosing
tubolovillous adenoma (sensitivity 89%; specificity
86%), and therapeutic decision making regarding local
excision versus radical surgery based on ERUS is
valid. By adding ERUS to preoperative biopsies, the

rate of missed carcinomas was reduced from 21% to
3% (P<0.001).

Technical difficulties associated with scanning
villous adenoma can be due to very large exophytic
lesions that tend to attenuate rectal layers or to produce
fixed artifacts over one part of the rectal wall,
obscuring the image [30]. In large carpeting lesions,
careful evaluation of the entire tumor is necessary to
determine that a small area of invasion has not been
overlooked. Konishi et al [9] reported that the overall
accuracy of ERUS-based evaluation of tumor invasion
depth was 60% in villous lesions and 91% in non-
villous lesions. Snare biopsy of lesions before referral

Fig. 9.9a,b uT1 rectal tumors with massive submucosal invasion [SM-m: tumor invasion extended to the middle or lower third of
the third layer (arrows)]. The fourth hypoechoic layer is thickened consistent with peritumoral inflammation and desmoplastic reac-
tion

Fig. 9.10a,b uT2 rectal tumors. A distinct break is seen in the submucosal layer and the muscolaris propria is thickened (arrows).
The surrounding hyperechoic layer corresponding to the serosa or perirectal fat remains intact

a b

a b
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to ERUS produces a burn artifact, which can also lead
to overstaging [30].

If a tumor arises in a polyp it is important to deter-
mine whether the stalk is invaded. Differences in clas-
sification are reported between Western [31] and
Japanese [4] pathologists. In 1985, Haggitt et al [31]
divided the depth of invasion into four levels:
• level 0: carcinoma in situ or intramucosal carci-

noma
• level 1: carcinoma invading through the muscularis

mucosa into the submucosa but limited to the head
of the polyp

• level 2: carcinoma invading the level of the neck of
the adenoma

• level 3: carcinoma invading any part of the stalk
• level 4: carcinoma invading into the submucosa of

the bowel wall below the stalk of the polyp.
By definition, all sessile polyps with invasive

adenocarcinoma are in level 4. They studied 129
patients with pTis to pT1 colorectal tumors and found
that level 4 invasion was a statistically significant
factor (P < 0.001) predicting positive nodes. Similar
results were reported by Nivatvongs et al [8] on 151
patients with pT1 colorectal tumors undergoing bowel
resection in which invasion into the submucosa of the
bowel wall at the base of the stalk (level 4) was the
single most significant risk factor for positive nodes.
Seitz et al [1] suggested that Haggitt’s classification
applies well for pedunculated polyps; however, it
should not be used for malignant sessile polyps.

Suzuki et al [32] determined the risk of lymph node
metastases in 65 patients with Haggitt’s level 4 inva-
sion into the submucosa. Lymph node metastasis was
noted in 11 (16.9%) of the 65 patients; however, the
width of submucosal invasion was significantly greater
in node-positive than in node-negative patients (P =
0.001). When 5-mm-wide submucosal invasion was
used as an indicator for intestinal resection, 37 patients
were found to have indications for bowel resection,
and 11 (29.7%) of the 37 patients had lymph node
metastases. The positive predictive value increased
from 17% to 30% when the width of submucosal inva-
sion was added to Haggitt’s level 4 as an indicator for
bowel resection. Kudo [4] was the first to differentiate
three different types of early invasive cancers:
• SM-1 tumor, invading the superior third of the

submucosa
• SM-2 tumor, invading the superficial two-thirds of

the submucosa
• SM-3 tumor, invading the deep one-third of the

submucosa.
The group type SM-1 was divided in three

subtypes: type SM-1a (invasion <1/4 of the submu-
cosa), type SM-1b (invasion <1/2 of the submucosa)
and type SM-1c (invasion >1/2 of the submucosa).
Kikuchi et al [7] found that the risk of lymph node
metastases was 0% for SM-1 lesions, 10% for SM-2
lesions, and 25% for SM-3 lesions (P < 0.001). In
their study, tumoral invasion of the deep third of the
submucosa (SM-3) was the only independent risk

Fig. 9.11a,b Sonograms of enlarged, hypoechoic, malignant-appearing lymph nodes of the mesorectum (a, arrows)

a b
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factor for lymph node metastasis. Akasu et al [12]
proposed a classification of the depth of submucosal
cancer in two groups:
• SM-slight (SM-s): extent limited to the upper third

of the submucosa
• SM-massive (SM-m): tumor invasion extended to

the middle or lower third of the submucosa.
In their series of 154 patients with early-stage rectal

cancer, sensitivity, specificity, and overall accuracy
rates of preoperative ERUS for detection of slight and
massive submucosal invasion were 99/74/96% and
98/88/97%, respectively. Incidences of lymph node
metastases in pT1-slight and pT1-massive were 0%
and 22%, respectively. They suggested that patients
with massive submucosal invasion should be best
treated by radical surgery. Another study from the
Mayo Clinic confirmed these data [5]. Among patients
with T1 carcinoma in the middle or lower third of the
rectum, the multivariate risk factor for long-term
cancer-free survival was invasion into the lower third
of the submucosa. For lesions with SM3 invasion, the
oncologic resection group had lower rates of distant
metastases and better survival compared with patients
who underwent local excision. Therefore, a decision
whether to perform radical surgery, or local excision,
or polypectomy should be based principally on assess-
ment of invasion depth. Akahoshi et al [33] improved
the accuracy of ERUS by using a high-frequency
(12 MHz) ultrasound catheter probe. The depth of
invasion was correctly assessed in 87% (46/53) of pT1
tumors. Starck et al [11] reported their experience on
the adoption of high-multifrequency probes. Their
conclusion was that endosonography reliably distin-
guished benign from early invasive rectal lesions.

Metastatic involvement of the mesorectal lymph
node is a major independent prognostic factor. It has
been observed that the presence of >3 nodes is associ-
ated with a poor prognosis [34,35]. Moreover, identifi-
cation of a metastatic peri-rectal lymph node is impor-
tant, as early T1 lesions with mesorectal node involve-
ment are not suitable for local excision. The nodal
disease not addressed by local extirpation may eventu-
ally progress to clinical recurrence, usually located
deep in the mucosa and locally advanced at the time of
diagnosis [36]. In this setting, ERUS nodal assessment
is particularly important. Sonographic evaluation of
lymph node metastases is somewhat less accurate than
depth of wall invasion [6]. The criteria used to identify
metastatic lymph nodes in most of the studies are

echogenicity, border demarcation, and node diameter
[37,38]. Normal, non-enlarged peri-rectal nodes are
not usually seen on ERUS. Inflamed, enlarged lymph
nodes appear hyperechoic, with ill-defined borders.
Much of the sound energy is reflected because the
lymphatic tissue architecture is intact. In contrast,
metastatic lymph nodes that have been replaced with
tumor appear hypoechoic with an echogenicity similar
to the primary lesion. Malignant lymph nodes tend to
be circular rather than oval, have discrete borders, and
are most commonly found adjacent to the primary
tumor or in the mesorectum proximal to the tumor.
The sonographic features of lymph nodes generally
can be distributed into four groups [6]:
1. if lymph nodes are not visible by ultrasound, the

probability of lymph node metastases is low
2. hyperechoic lymph nodes are often benign and

result from non-specific inflammatory changes
3. hypoechoic lymph nodes larger than 5 mm are

highly suggestive for lymph node metastases
4. lymph nodes larger than 5 mm that are visible with

mixed echogenic patterns should be considered
metastatic.
Overstaging and understaging can occur during

assessment of lymph node involvement [24]. At
conventional 2D-ERUS, the cross-sectional appear-
ance of blood vessels in the perirectal fat may be
confused with positive lymph nodes. Three-dimen-
sional reconstruction allows differentiation of vessels
from lymph nodes by following their branching
pattern. On size characteristics alone, sonographically
detected nodes in the mesorectum greater than 5 mm
in diameter have 50–70% chance of being involved,
whereas those smaller than 4 mm have less than 20%
chance [34]. Enlarged nodes, however, may be benign
and reactive, whereas small nodes, which are difficult
to identify, may be infiltrated. Up to 20% of patients
have involved nodes of less than 3 mm, limiting the
accuracy of the technique. The size of nodal metas-
tasis is proportional to pT stage. This explains the rela-
tionship between nodal staging accuracy and T stage:
<50% accuracy for pT1 lesions and >80% for pT3
lesions [36]. Even with an improved understanding of
the ultrasonographic characteristics of malignant
lymph node, micrometastases and granulomatous
inflammation are impossible to detect. In these cases
ERUS-guided needle biopsy or ERUS-guided fine-
needle aspiration biopsy may improve diagnostic accu-
racy [39].
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Endorectal ultrasound also has a good accuracy in
the diagnosis of recurrence after local excision of early
rectal cancer. In a series of 108 patients treated by
local excision, de Anda et al [40] reported that ERUS
identified one-third (10 patients out of 32) of asympto-
matic local recurrences that were missed by digital or
proctoscopic examination.

New software technology has allowed a series of
2D images to be assembled, giving a 3D-representa-
tion of the rectum and mesorectum [17]. After a 3D
data set has been acquired, it is immediately possible
to select coronal anterior–posterior or posterior–ante-
rior as well as sagittal right–left views, together with
any oblique image plane. The 3D image can be
rotated, tilted, and sliced to allow the operator to infi-
nitely vary the different section parameters, visualize
the lesion at different angles, and measure accurately
distance, area, angle, and volume. By using a combina-
tion of the different postprocessing display parameters,
the 3D image can be rendered to provide better visual-
ization performance when there are not large differ-
ences in the signal levels of pathologic structures
compared with surrounding tissues [17]. Several
studies have shown important benefits of 3D high-
resolution ERUS in terms of better parietal staging
[17–19,21]. In a recent comparative study on 86
patients with rectal cancer examined with 3D-ERUS,
2D-ERUS and CT, Kim et al [41] demonstrated that
3D-ERUS was greatly superior to the other modalities
in both T staging and N staging. In this series, the
accuracy of 3D-ERUS for T and N staging was 91%
and 90%, respectively. In a study from Memorial
Sloan-Kettering Cancer Center [42], the use of the new
implemented 3D-ERUS appeared to facilitate the
understanding of the spatial relations between different
structures, compared to 2D-ERUS and MRI. However,
no definitive conclusions over the new diagnostic tool
were drawn. Vyslouzil et al [43] reported an accuracy
of 100% in the pT1 stage using 3D-ERUS, and
concluded that preoperative 3D ultrasonographic
staging plays a decisive role in selecting patients who
are suitable for local resection. In a preliminary study
[23], we reported that the accuracy of 3D-ERUS was
significantly superior to 2D-ERUS in determining the
presence of submucosal invasion in 89 patients with
rectal villous lesions (85 versus 62.5%, respectively;
P = 0.022). Moreover, 3D-ERUS with render mode
provided better delineation of the superficial invasion
of submucosa (SM-s lesions) compared to 2D-ERUS

(83.3 versus 54.1%, respectively; P = 0.029). To
provide a higher-resolution image of the different
layers of the rectal wall, render mode was used with
high opacity, high thickness, and normal filter and
luminance setting, adjusted with high contrast and
brightness. Compared with normal mode, VRM with
this setting offered a clear view of the submucosal
layer and helped to differentiate slight from massive
submucosal invasion.

9.6 Conclusion

The great transformation in the management of rectal
polyps and early rectal cancer has increased the impor-
tance of accurate preoperative staging for therapeutic
decision making. Among the different imaging modal-
ities, 3D-ERUS has been evolving as the best proce-
dure, due to enhanced spatial resolution, providing
detailed information on early tumoral invasion into the
rectal wall and the presence of mesorectal lymph node
metastases. It also has the advantage of being an
office-based procedure, which is well tolerated, with
fast acquisition times and relatively low cost.
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10.1 Introduction

Colorectal polypoid lesions are the most common
pathology found during endoscopy. They may be
single or multiple, small or large, pedunculated or
sessile. As colorectal adenomatous polyps can poten-
tially advance to colorectal cancer, their endoscopic
removal by polypectomy or endoscopic mucosal resec-
tion (EMR) is mandatory. In contrast, hyperplastic
polyps and other non-neoplastic lesions without
neoplastic potential are often seen during colonoscopy.
Removal of these lesions brings no advantage, but
consumes time and money and entails the risk of
complications. The clinical challenge nowadays is to

differentiate during endoscopy between neoplastic and
non-neoplastic lesions, to choose the correct treatment
modality.

The aim of this chapter is to describe the clinical
features, appearances, and frequencies of the various
colorectal (polypoid) lesions and how to differentiate
between them. New, technically advanced methods
such as narrow-band imaging (NBI), magnifying chro-
moendoscopy (CE), and autofluorescence imaging
(AFI) are described along with their current and
possible future roles in colonoscopy to diagnose
polyps “histologically” before the pathologist has even
seen a specimen.

10.2 Classification

Colorectal polypoid lesions can be classified according
to their morphology or histological type including
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benignity or malignancy (Tables 10.1 and 10.2). Gross
morphological classification for colorectal lesions
most often follows the Paris workshop guidelines

(Table 10.3) [1]. For grading of dysplasia and early
colorectal cancer, the Vienna classification is most
often used (Table 10.4) [2].

Table 10.1 Morphological classification of polyps in the colorectum

Characteristic Description

Location Rectum, sigmoid, descending colon, etc
Right-sided/left-sided

Size Small: �0.5 cm
Medium: 0.5–1.0 cm
Large: >1.0 cm

Surface Smooth (not involved)
Irregular

Number of lesions Single
Multiple

Presentation Lobulated, berrylike (typical for tubular adenomas)
Shaggy, velvety (typical for villous adenomas)
Mixed form

Fixation Sessile (lacking a stalk)
Pedunculated (with a stalk)
Flat

Appearance Bleeding
Non-bleeding

Table 10.2 Histological classification of polyps in the colorectum

Tumor type Description

Epithelial tumors (or tumor-like lesions) Adenoma
Hyperplastic (metaplastic) polyp
Sessile serrated adenoma (SSA)
Juvenile polyp
Inflammatory polyp
Inflammatory fibroid polyp
Peutz–Jeghers polyp
Adenocarcinoma
Hereditary non-polyposis colorectal cancer (HNPCC)
Endocrine cell or carcinoid tumor

Polyposis syndromes Familial adenomatous polyposis (FAP)
Juvenile polyposis
Peutz–Jeghers syndrome
Cowden’s syndrome
Bananyan–Riley–Ruvalcaba syndrome
Cronkhite–Canada syndrome

Non-epithelial tumors
Tumors of lymphoid tissue Benign lymphoid polyp

Benign lymphoid polyposis
Malignant lymphoma of the large intestine

Tumors of connective tissue Gastrointestinal stromal tumors (GIST)
Stromal tumors in the rectum
(Leiomyomatous polyp)

Tumors of adipose tissue Lipoma
Lipohyperplasia of the ileocecal valve

Tumors of vascular tissue Hemangioma
Lymphangioma

Neurogenic tumors Benign neurofibroma
GIST
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10.3 Clinical Appearance

10.3.1 Epithelial Tumors

A large variety of neoplasms may occur in the
colorectum – a reflection of the complexity of this

organ and its cellular elements. The most frequently
diagnosed tumors arise from the surface epithelium
and are called polyps. For the purpose of cancer
prevention it is of utmost importance to differentiate
between neoplastic and non-neoplastic lesions.

10.3.1.1 Adenomas

Historically, the adenoma has been considered to be
the most important type of epithelial polyp in the
colorectum. Adenomas represent a family of mucosal
neoplasms, which show some diversity in their appear-
ance but share certain essential acquired genetic char-
acteristics. Adenomas are common in a population
with high colorectal cancer incidence; when the popu-
lation develops from a low-risk to a high-risk group,
the frequency of adenomas and colorectal cancer
usually also increases [3]. Within the colon itself, there
appears to have been a “shift to the right” over time, in
terms of segmental location of neoplasia [4]. The basis
for this shift is unknown. Interestingly, women appear
more prone to right-sided cancer than men [5].

Table 10.3 Paris classification of colorectal lesions (gross morphology)
Endoscopic appearance Paris class Picture Description

Ip Pedunculated polyps

Ips Subpedunculated polyps
Protruded lesions

Is Sessile polyps

0-IIa Flat elevation of mucosa

Flat elevated lesions
0-IIa/c Flat elevation with

central depression

0-IIb Flat mucosal change

0-IIc Mucosal depression
Flat lesions

0-IIc/IIa Mucosal depression
with raised edge

Table 10.4 Vienna classification of gastrointestinal epithelial
neoplasia

Category Description

1 Negative for neoplasia/dysplasia
2 Indefinitive for neoplasia/dysplasia
3 Non-invasive low-grade neoplasia

(low-grade adenoma/dysplasia)
4 Non-invasive high grade neoplasia

4.1 High-grade adenoma/dysplasia
4.2 Non-invasive carcinoma (carcinoma in situ)a

4.3 Suspicion of invasive carcinoma
5 Invasive neoplasia

5.1 Intramucosal carcinomab

5.2 Submucosal carcinoma or beyond
aNon-invasive indicates absence of evident invasion
bIntramucosal indicates invasion into the lamina propria or
muscularis mucosae
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Adenomas may be encountered upon endoscopy, in
sizes that range from very small, 1–2 mm protrusions,
to polyps 10 to 100 times larger. They may be pedun-
culated, sessile, or flat. Small adenomas are usually
sessile and slightly redder than the surrounding
mucosa. With increasing size, the adenoma usually
becomes pedunculated, and the head is darker red and
is broken into lobules with intercommunicating clefts.
This darkening is due to a combination of increased
vascularity and the different light-scattering properties
of neoplastic, mucin-depleted epithelium [6].

A typical tubular adenoma has a lobulated berry-
like surface, a villous adenoma a shaggy or velvety
appearance sometimes described as “cauliflower-like”.
Often the surface of a villous adenoma is soft and
friable. Adenomas are classified according to their
histologically proven percentage of components: up to
20% villous component is classified as a tubular
adenoma (branching glands), 20–80% as a tubulo-
villous, and >80% as a villous adenoma (villiform
means that the glands extend straight down from the
surface of the polyp, creating villous-like projections
from its surface).

The earliest identifiable morphological change in
the growing adenoma is that the adenomatous epithe-
lium, growing along the basement membrane, replaces
part or all of a single crypt. At a later stage there is
irregular branching of crypts close to the mucosal
surface. We believe that villous formation may be the
result of continuous growth leading to crypt elonga-
tion with compression of the intervening stroma [7].
Surface growth without crypt elongation may account
for the appearance of “flat adenomas” [8], which are
usually about 1 cm in diameter.

Size and histological type influence the change to a
malignant tumor. All adenomas are, by definition,
dysplastic. Tubular adenomas, which are the majority
of adenomatous polyps, have a low risk of becoming
malignant, whereas villous adenomas, which are more
often sessile, have a higher risk of becoming malig-
nant. Basically, with a polyp size of �1 cm, the cancer
risk is approximately 1%, if the size is 1–2 cm it is up
to 10%, and for size >2 cm the cancer risk is 20–50%
[9].

10.3.1.2 Hyperplastic (Metaplastic) Polyps

Hyperplastic polyps are the most commonly encoun-
tered polyps in the adult colorectum. By definition,

hyperplastic polyps are a metaplastic proliferation of
differentiated colonic epithelium with no malignant
potential. Their frequency increases with age, espe-
cially after 40 years. This kind of polyp is more
common in men than in women, and more often diag-
nosed in Westernized populations. The polyp is often
very small (<5 mm) and dome shaped; it is pale or,
more commonly, the same colour as the surrounding
mucosa, (most often) sessile, and situated upon
mucosal folds; it is clinically asymptomatic and
detected incidentally during colonoscopy. Hyper-
plastic polyps are unique among gastrointestinal
polyps as being limited to the large intestine and
appendix; the most common location is the rectosig-
moid. Giant hyperplastic polyps are an exceedingly
rare presentation. As these small polyps are also often
seen in patients with concomitant adenomas, the use of
hyperplastic polyps during sigmoidoscopy as
biomarkers for further colonoscopic evaluation has
been suggested [10–13]. This suggestion is, however,
controversial [10–13]. Hyperplastic polyps are gener-
ally considered to be harmless and non-neoplastic;
polypectomy should be done only to distinguish these
lesions histologically from adenomas.

10.3.1.3 Sessile Serrated Adenomas

Current evidence suggests that small left-sided hyper-
plastic polyps carry very little risk of malignant trans-
formation. However, multiple metaplastic polyps and
larger right-sided metaplastic polyps seem to have an
increased cancer risk when they transform into
“serrated adenomas” (SSAs) [14]. It seems that this
kind of polyp has an alternative carcinogenesis
pathway [15,16]. Macroscopically, the serrated
adenoma is usually between 5 and 20 mm in diameter,
sessile, and either protuberant or flat. Magnification of
the surface may show star-shaped or asteroid crypt
openings as in “normal” hyperplastic polyps. These
lesions are more common in women, with an average
age at diagnosis of about 70 years.

In clinical practice there is still some discussion as
how to diagnose and classify serrated adenomas. As
clinicians, we distinguish between hyperplastic polyps,
admixed polyps and serrated adenoma. However, the
following issues confront the pathologist and are
included in diagnostic considerations:
• large hyperplastic polyps, particularly when

multiple in the proximal colon
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• hyperplastic polyps with foci of dysplasia
• large hyperplastic polyps with enterocytic

(eosinophilic) change
• admixed polyps, partly hyperplastic, partly tradi-

tional adenomas
• admixed polyps, partly hyperplastic, partly serrated

adenoma
• classical serrated adenoma, unequivocally adeno-

matous but with serrated configuration
• tubulovillous or villous adenoma with slight or

focal serration
• dysplastic epithelium with serration, abundant

eosinophilic cytoplasm, and enlarged vesicular
nuclei containing prominent nucleoli [17].
Among the pathological parameters, crypt

branching, crypt dilatation, and horizontal crypts are
more frequent in SSA than in traditional serrated
adenoma (TSA) (P<0.001) [18]. SSAs are larger than
TSAs (12.6±7.3 versus 9.8±6.9 mm, P=0.005), more
likely to be flat (P=0.006), and more frequently
located in the proximal colorectum (P=0.012). There
are no significant differences in age, sex, and body
mass index between TSA and SSA [18]; however,
intraobserver agreement for SSA, TSA and hyper-
plastic polyps (HP) among pathologists is only
moderate (κ = 0.58) [19].

10.3.1.4 Juvenile Polyps

The juvenile polyp is a non-neoplastic epithelial polyp
composed of tissues indigenous to the site of origin,
but arranged in a random manner. Thus, juvenile
polyps are classified as hamartomas. They are very
common, occurring in about 2% of children, but might
also be seen in adults [20]. Typically, there are only a
few polyps. With >10 juvenile polyps, we speak of
juvenile polyposis; approximately one-third of cases
have a hereditary etiology and the remainder are
sporadic. In hereditary juvenile polyposis, the polyps
may be found throughout the whole gastrointestinal
tract, and in contrast to the sporadic form, polyps will
continue to form throughout life.

The polyps can range from several millimeters to
several centimeters, and may be sessile or, more often,
pedunculated. The typical lesion found during
endoscopy is 1.0–1.5 cm in size, with an intensely
erythematous, friable, eroded, ulcerated surface.
Sometimes the surface is nodular rather than ulcerated,
making this lesion macroscopically indistinguishable

from a tubular adenoma. The cut surface shows
grossly visible cystic spaces containing gray-to-yellow
mucoid material. Clinically, the most frequent presen-
tation is painless rectal bleeding at the age of 9 to
10 years.

10.3.1.5 Inflammatory Polyps

Non-neoplastic proliferations of either mucosa or
granulation tissue may be due to various injuries to the
colorectal epithelium. The most frequent causes are
ulcerative colitis, Crohn’s disease, and ischemic bowel
disease. Usually there are multiple polyps with chronic
inflammation of varying extent in the vicinity of the
lesion. Gross appearance varies from finger-like struc-
tures to rounded masses. Radiologists tend to call
inflammatory polyps pseudopolyps (to describe the
remaining normal mucosa islands in a severely ulcer-
ated colon segment on a double-contrast enema). A
special form is the “cap polyp”, found mainly in the
rectosigmoid region and caused by mucosal prolapse
and ischemia as well as diverticular disease. The
polyps are dark red, sessile, and usually located on the
crest of a mucosal fold.

10.3.1.6 Peutz–Jeghers Polyps

In about half of the cases in Peutz–Jeghers syndrome,
one or more small polyps are found in the colon and
rectum. They are hamartomas with a characteristic
histological appearance of an excessive and redundant
muscularis mucosae covered by a non-neoplastic
epithelium and lamina propria. Upon gross examina-
tion, the polyps vary in size but may also be several
centimeters in size, sessile, or pedunculated, and may
have a lobulated or irregular surface. Macroscopically,
they may mimic adenomas, demanding histological
investigations.

10.3.1.7 Endocrine Cell or Carcinoid Tumors

Endocrine tumors are rare (<1% of all colorectal
neoplasms). Most arise in the rectum, while colonic
forms are concentrated in the right colon. Right-sided
endocrine cell tumors usually present as bulky poly-
poid or ulcerated masses, and are indistinguishable
from carcinomas; in the rectum, bulky tumors are rare.
Most often a small nodule less then 1 cm is discov-
ered by chance. The cut surface is pink or tan.
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10.3.2 Non-Epithelial Tumors

Non-epithelial tumors are rare.

10.3.2.1 Lymphoid Polyps

A localized hyperplasia of mucosal and submucosal
lymphoid tissue may present as a single polyp or, less
commonly, as multiple polyps. These polyps are most
frequently seen in the lower rectum; in the colon they
are exceptional. Usually they are smooth, round
tumors, and mainly sessile. They are slightly more
common in men in the third or fourth decade.

10.3.2.2 Gastrointestinal Stromal Tumors

Despite the preponderance of connective tissue in the
large bowel, these tumors are relatively unusual;
gastrointestinal stromal tumors (GISTs) occur there
much less frequently than in the stomach and small
intestine. The ascending and transverse colon are the
most common sites for colonic GISTs, which usually
present as very large masses (>5 cm, often even more
than 10 cm). One very special feature of colonic
GISTs is that they may grow as confluent nodules in a
longitudinal fashion, with a dominant mass and
multinodular thickening of the adjacent colonic wall
[21]. Smooth muscle tumors occur mainly in the
rectum. These incidental findings may present to the
endoscopist as a small submucosal nodule or eleva-
tion. Beside these leiomyomatous polyps arising from
the muscularis mucosae, deep intramural stroma
tumors of the rectum have also been described. Local
recurrence is a characteristic feature of the latter [22].

10.3.2.3 Lipomas

Although lipomas are the most common benign, non-
epithelial tumors found in the colon, they are nonethe-
less very infrequent (0.035–4% of all colon tumors)
[23]. These tumors are asymptomatic and found inci-
dentally, though they can be very large: the largest
reported colonic lipoma measured 16 cm [24]. The
typical appearance is a smooth, yellowish, sessile
polyp, although some lipomas may also be peduncu-
lated. If mucosa can be grasped and pulled away from
the submucosa (“tenting sign”), or if repeated biopsies
of the polyp head reveal fatty tissue (“naked fat sign”),
the diagnosis is definitive. However, if the surface is

necrotic or ulcerated, lipomas may mimic malignant
polyps [25].

10.4 New Investigational Methods

Standard conventional colonoscopy offers no reliable
discrimination between neoplastic and non-neoplastic
colorectal lesions, as the clinical impression of small
colonic polyps does not correlate well with histology.
Sensitivity and specificity are 87.4% and 65%, while
the positive predictive value, negative predictive
value, and accuracy of clinical impression for the
detection of neoplastic polyps are 76.0%, 80.2%, and
73.4%, respectively [26]. However, conventional
(non-magnifying) colonoscopy after spraying with
indigo carmine dye achieves a sensitivity for adenoma-
tous polyps as high as 91% (423/467 adenomas
correctly identified) and a specificity of 82% (153/187
non-neoplastic lesions correctly predicted [27].

The issue of whether a polyp detected only upon
endoscopy is non-neoplastic, or is neoplastic and so a
possible precursor of a colorectal cancer, and the
description of flat adenomas in 1985 by Muto from
Japan caused considerable controversy [28]. Conven-
tional thinking was that all adenomas are stalked or
sessile. The interesting and dangerous issue of flat
adenomas was pursued by subsequent papers that also
reported the existence of small (<1 cm) flat adenocar-
cinomas [29]. Flat adenomas can be minimally
elevated (IIa), flush with the mucosa (IIb), or
depressed below the level of the mucosal surface (IIc).
Flat adenomas IIb and IIc account for only 10% of all
flat adenomas and only 2–3% of adenomas overall, but
these lesions have a high incidence of high-grade
dysplasia or early invasive cancer [30]. Conversely,
type IIa lesions have no increased risk of severe
dysplasia or cancer, and grow slowly [31]. Good
bowel preparation is essential for the detection of flat
adenomas, and with the acetic acid spray technique,
adenomas covered with mucus can be effectively iden-
tified. Acetic acid is inexpensive and safe; it eliminates
the mucus layer and causes an aceto-white reaction in
the mucosal layer. These interactions highlight the pit
pattern image in magnification colonoscopy [32].

In the West, it is common practice to diagnose
colorectal cancer only when invasion through the
muscularis mucosae has been demonstrated. This
policy reflects the view that a diagnosis of cancer
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should equate with the acquisition of metastatic poten-
tial. Because colorectal neoplasia that is limited to the
mucosa does not metastasize, the diagnostic label of
cancer is not only unwarranted but could also lead to
unnecessary surgery. This means that when a Western
pathologist diagnoses “severe dysplasia”, a Japanese
pathologist might diagnose the same sample as
“mucosal carcinoma” [33]. Whereas Western patholo-
gists place major emphasis on the presence of inva-
sion, Japanese pathologists rely on architecture and
cytology to a much greater degree. While there is rela-
tively little disagreement in polypectomy specimens
between Western and Japanese pathologists, discrep-
ancy mainly exists in diagnosing dysplasia in flat
adenomas [34]. The Vienna classification has been
introduced to facilitate exchange of scientific knowl-
edge and discussions between pathologists in Japan
and Europe (Table 10.4) [2].

Furthermore, these scientific questions stimulated
the industry to develop new and better investigational
tools. Beside conventional colonoscopy, the following
tools alone or in combination are currently available:
high-magnification (zoom) endoscopy, chromoen-
doscopy (CE), narrow-band imaging (NBI), computed
virtual chromoendoscopy (CVC), autofluorescence
imaging (AFI), and confocal laser scanning endomi-
croscopy (LCM). From an endoscopist’s perspective,
the attraction of using advanced imaging techniques is
improved accuracy of screening for early superficial
neoplasia.

10.4.1 High-Magnification Colonoscopy

The first magnifying endoscopes were introduced as
early as 1978 [35]. Nishizawa identified the different
characteristic patterns of crypt orifices by observing
adenomatous polyps with magnifying colonoscopy in
the 1980s [36]. In 1993, the Olympus 200Z series
colonoscope was introduced, permitting in vivo magni-

fication of up to 100× normal. With this technology, it
is now possible to examine the detailed morphology
and colonic crypt patterns similarly to in vitro stere-
omicroscopy. In 1994, Kudo introduced a classifica-
tion for colonic neoplasms with high-magnification
endoscopy, with the aim of distinguishing benign and
potentially malignant lesions (Table 10.5) [37].

10.4.2 High-Magnification Chromoscopic

Colonoscopy

A simple and well-known method is the application of
dye (e.g. indigo carmine, methylene blue, Lugol’s
solution, etc), either injected directly down the biopsy
channel or sprayed extensively over the colon surface
using special catheters to improve the detection rate
by increasing contrast [38]. Indigo carmine is usually
used as it is not absorbed and so pools in depressions
and mucosal ridges. The disadvantage of CE is that the
colorectum must be perfectly clean, and application
and inspection of the dye-sprayed and coloured
mucosa is time consuming. Combination with high-
magnification (HMCC) is popular: Kudo’s classifica-
tion can be used to differentiate between neoplastic
and non-neoplastic growth patterns on the surface
epithelium (Table 10.4) [37,39].

10.4.3 Narrow-Band Imaging

Recently, another technique, narrow-band imaging,
has been proposed to study the capillary pattern of a
suspected lesion [40]. When light is directed onto
tissue, there can be four different outcomes: reflection,
scattering, absorption, and fluorescence.

The NBI system utilizes short and limited wave-
length within the hemoglobin absorption band, such
that blood vessels can be demonstrated with adequate
contrast. In principle, the NBI system is based on

Table 10.5 Kudo’s classification for colonic neoplasms with high-magnification endoscopy

Classification Surface pattern Suspected growth type

Type I Regular round crypt Non-neoplastic
Type II Stellar or papillary crypt
Type III Tubular and roundish crypts Adenoma (neoplastic)
Type IV Sulcus, branch, or gyrus-like crypts
Type V Irregular or severely distorted crypts Invasive carcinoma
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modification of the spectral features, with each optical
filter narrowing a bandwidth of spectral transmittance
[41]. The central wavelengths of trichromatic optical
filters used are 500 nm, 445 nm, and 415 nm, and each
has a bandwidth of 30 nm; these features correspond
to a penetration depth into the mucosa of 240 μm,
200 μm and 170 μm, respectively. Capillary vessels
are usually visualized as dark complexes when the 415
nm wavelength is used in which the blue light is
mostly absorbed by hemoglobin [41]. The layered,
structured gastrointestinal mucosa has a thickness of
700–800 μm; diagnosing neovascularization by neoan-
giogenesis is an important feature in malignant tumors
[42]. Probably the most convenient feature of the NBI
system is that with just one click of a special button on
the colonoscope, the user can switch from conven-
tional white light endoscopy (WLE) to the NBI
system. This is a major advantage compared to the CE
method. Essentially, low- and high-magnification NBI
are able to distinguish neoplastic from non-neoplastic
colorectal lesions. The accuracy of NBI is better than
conventional colonoscopy and equivalent to chro-
moendoscopy [43].

CE mainly uses indigo carmine, which has proved
to be effective in increasing the rate of colorectal
adenoma detection in patients with hereditary non-
polyposis colorectal cancer (HNPCC). NBI seems to
be more effective than high-definition WLE in patients
with a high cancer risk [44,45]. In patients with
average cancer risk, NBI is similar to CE, whereby
both are not really more effective than white light
colonoscopy [46].

10.4.4 Computed Virtual

Chromoendoscopy

Computed virtual chromoendoscopy with the Fujinon
intelligent color enhancement (FICE) system is a new
dyeless imaging technique that enhances mucosal and
vascular patterns. The CVC imaging technique is
based on narrowing the bandwidth of the conventional
endoscopic image using spectral estimation tech-
nology [47]. CVC technology enhances the vascular
network as well as the pit pattern. The NBI system is
based on optical filters within the light source of a
videoendoscope system that selects light in short and
limited wavelengths within the haemoglobin absorp-
tion band, such that blood vessels can be demonstrated

with adequate contrast [48]. FICE is based on the same
physical principle as NBI, but due to a special
computed spectral estimation technique, optical filters
are not needed. FICE with low magnification shows a
sensitivity of 89.9% and a specificity of 73.8%; FICE
with high magnification has a sensitivity of 96.6% and
a specificity of 80.3%. These results are better than
with standard colonoscopy and low and high magnifi-
cation, but not different from results obtained with
conventional chromoendoscopy [49].

10.4.5 Autofluorescence Imaging

Autofluorescence imaging (AFI) is another novel tech-
nique. The idea is to use short-wavelength light (blue;
390–470 nm) to excite endogenous tissue fluo-
rophores, which emit fluorescent light of longer wave-
length (green; 540–560 nm). Normal mucosa is high-
lighted green, neoplastic tissue purple without admin-
istration of exogenous fluorophores. Most false-posi-
tive results occur when inflamed mucosa is evaluated
[50]. The 415 nm image channel analyzes the fine
surface architecture of the mucosa and the superficial
capillary network; the 540 nm image channel analyzes
the collecting vessels more in depth. Superficial and
deep details are superimposed in a single image,
enhancing the visibility of flat lesions and displaying
subepithelial capillaries in brown and veins in the
submucosa in cyan.

Autofluorescence is abnormal in neoplastic tissue
because of:
• the increase in the nuclear–cytoplasmic ratio, which

leads to reduction of autofluorescence in neoplasia,
as nuclei show no autofluorescence compared with
cytoplasm

• loss of collagen, since collagen in submucosa is
the strongest fluorophore, and with thickened
neoplastic mucosa, the submucosal collagen shows
no autofluorescence

• neovascularization, resulting in increased hemo-
globin concentration that absorbs autofluorescent
light [51].
A randomized study from the Netherlands

comparing AFI and conventional colonoscopy for the
detection of colorectal adenomas did not show a statis-
tically significant difference (73% versus 70%) [52].
However, detection of neoplasia in patients with ulcer-
ative colitis has improved, and decreases the yield of
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random biopsies [53]. All diagnostic modalities that
rely on morphological imaging also involve a learning
effect if the investigator is to apply a method effec-
tively. This is also true for AFI [54]. At the moment,
the future role of AFI is not clearly defined [51].

10.4.6 Confocal Laser Scanning

Endomicroscopy

Laser scanning confocal microscopy is another inter-
esting newly developed technology, which for the first
time permits cellular resolution imaging of the surface
and subsurface mucosa down to a depth of 250 μm.
The components of the confocal laser microscope are
mounted in the tip of a conventional colonoscope, so
that this technology can be used beside standard
videoendoscopy. During LCM, a 488 nm laser delivers
an excitation wavelength with a maximum laser output
of <1 mW at the surface of the mucosa. The optical
slide thickness is 7 μm; the image collection rate is
0.8–1.6 frames/s. To increase contrast, intravenous
fluorescein sodium is injected, and topical flurophores
such as acriflavin hydrochloride are sprayed onto the
mucosal surface immediately before an image is
obtained [55]. At the moment, however, it is uncertain
whether endomicroscopy offers any advantage over
chromoendoscopy and targeted biopsy alone.

10.5 Practical Approach

For practical reasons, a step-by-step methodology in
endoscopy for detection of lesions should be followed:
• cleanliness of mucosal surface: good preparation,

jet wash, antifoam agents
• detection of a suspected area: withdrawal time >8

min
• characterization of the lesion: gross morphology

(indigo carmine), microvascular surface (NBI),
surface microarchitecture of the superficial epithe-
lium (NBI, chromoendoscopy – pit pattern)
(Figs. 10.1–10.4). Analysis of microcirculation at
low magnification with NBI (without chromoen-
doscopy). Gross morphology with standard vision
and chromoendoscopy. Severe vascular alterations
are evaluated with zoom and chromoendoscopy

• classification of the lesion and treatment decision.

Fig. 10.1 Adenomatous polyp

Fig. 10.2 The same adenomatous polyp as in Figure 10.1 (zoom
1.5×)

Fig. 10.3 The same adenomatous polyp as in Figure 10.1 with
chromoendoscopy (indigo carmine)
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10.6 Future Colonoscopy

At the moment, colonoscopes equipped with optical
magnification are costly and therefore not widely used
[56]. However, if these new technologies prove to be
superior in daily practice, economics will not stand in
the way of their general availability and use.

We can expect that in the future, screening colono-
scopies will be largely replaced by painless virtual
colonoscopy [57]. However, if a lesion is suspicious
and potentially malignant, newer technologies like
high-resolution HMCC, NBI, and AFI will probably
be used. The new technologies seem to have the
advantage of timely recognition of malignant transfor-
mation of the mucosa, especially in longstanding
colitis. Only time will tell whether LCM can finally
replace the pathologist’s diagnosis made with a biopsy
under the microscope.

10.7 Conclusion

Understanding and recognizing different forms of
polypoid lesions and their neoplastic potential is of
utmost importance to the endoscopist as well as to the
colorectal surgeon. New technologies are currently
being investigated with regard to their practicability
and cost-effectiveness. The future will provide
answers in this exciting evolving field of early
colorectal cancer detection.
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Abstract Familial adenomatous polyposis is a hereditary autosomal dominant
disease; the APC gene is responsible. The multifactorial regulation of this gene
expresses many different clinical features and almost all patients present with polyps
in the foregut, so gastroenterologists and surgeons should carefully check patient’s
upper gastrointestinal tract as well. The diagnosis of polyps in the stomach and,
mostly, in the duodenum is of crucial relevance due the high risk of developing a
cancer. A better understanding of the natural history of the disease, together with
recent developments in operative endoscopy and surgery, make it possible to offer
these patients better interdisciplinary management.
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11.1 Introduction

Polyps, usually small ones, represent an incidental
diagnosis in the upper gastrointestinal (GI) tract, as
they are detected in no more than 2% of endoscopic
procedures, which, in the majority of cases, are
performed for unrelated indications [1].

The esophagus is very seldom involved in poly-
posis, but the stomach and particularly the duodenum
are widely affected in patients with familial adenoma-
tous polyposis (FAP).

German colleagues described gastric polyps for the
first time in FAP in 1895 [2], and duodenal polyps
in 1904 [3], and the first diagnosis of duodenal carci-

noma associated with polyposis was published in
1935 [4].

Until the 1970s, only sporadic cases were reported,
but since then, the wide diffusion of flexible
endoscopy has allowed a widespread knowledge of the
relevance of a correct diagnosis of polyposis in the
upper GI tract [5].

The upper GI tract represents the most common
extracolonic site of malignancy in FAP, and it is there-
fore obvious that any endoscopic examination
performed in this group of patients should offer the
maximal diagnostic potential. Duodenal adenomas and
carcinomas are very uncommon in the general popula-
tion, but the majority of patients affected by FAP
present with a duodenal site of disease [6].

A major breakthrough of the last decade has been
the start of surveillance programs in the upper GI tract
as soon as a diagnosis of FAP has been made, and not
just in adulthood, or, worse, only after a prophylactic
colectomy [7].

G.G. Delaini, T. Skřička, G. Colucci (eds.), Intestinal Polyps and Polyposis, 127
© Springer-Verlag Italia 2009
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11.2 The Pattern of Disease

Gastric and duodenal polyps appear as rounded, small,
and whitish lesions that are sessile or nodular and
superficial, although sometimes they can reach a diam-
eter of 2–3 cm. In cases where the diagnosis is late,
the polyposis may be so diffuse that large flat lesions
have formed, or the polyps have developed as a carpet
along the mucosa (Figs 11.1–11.4) [8]. The gold stan-
dard of the diagnostic procedures in this context is
always flexible endoscopy.

Presentation of the most recent technical evolution
in the field of foregut endoscopy goes beyond the
scope of our paper, but it is of crucial relevance to
remember the great impact of the more recent methods
for performing an accurate examination of the gastric
and duodenal mucosa. The new technique of dying the
mucosa and performing a real chromoendoscopy, with
standard or high-resolution and magnifying video
endoscopes, allows us to recognize very early even
small, rounded lesions, that would otherwise be unde-
tectable; this should now be the standard procedure for
endoscopic surveillance in this group of patients [9].

The vast majority of gastric polyps are represented
by fundic gland polyps, usually located in the fundus
and the body of the stomach, and detected in up to
50% of the screened population. The histology of these
small lesions demonstrates cystic dilation of fundic
glands, usually without dysplasia, but with sporadic
reports of cancerization [10–12].

Gastric adenomas occur in a minority of patients,
and are usually situated in the antrum and as a single
small lesion. The evolution of these rare lesions is
without risk, as they do not proceed to a real malignant
lesion [13].

There are no data in the literature to suggest any
treatment for small, rounded fundic gland polyps, but
where there is clear evidence of an adenoma, it seems
reasonable to treat the lesion as an adenoma, and
remove it endoscopically with either a polypectomy or
a mucosectomy. Alternative endoscopic therapies such
as argon plasma coagulation or Nd:YAG laser could
be employed in cases of diffuse small adenomas.

Duodenal lesions are similar to gastric ones,
grouped in the second or third section of the
duodenum, with a regular duodenal bulb; they can be
found in 50–90% of cases [14].

When the polyps are located in the second part of
the duodenum, they tend to cluster near the papilla or

precisely on it. At histological examination they
appear as standard adenomas with the usual degree of
possible dysplasia [14]. Duodenal adenomas are
detected in 20–80% of patients, with differences partly
explained by the different endoscopes used to screen
the patients with either a forward or side view. The

Fig. 11.1 Fundic gland polyps

Fig. 11.2 Antral polyps
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most accurate examinations are achieved with the side-
viewing scope and multiple large biopsies [8,15].

The relevance of duodenal adenomas is clearly
explained by the fact that duodenal adenocarcinoma is
the major cause of death in FAP, after cancer of the
colon and rectum [16]. Furthermore, if we analyze
the impact of duodenal lesions on cancer risk, the
epidemiological data are very impressive, with a
100–300-fold major risk of cancer in comparison with
the general population, and an overall cumulative risk
of 4–10% [17,18].

Gastric polyps are simply described as they appear
during a standard foregut endoscopy, but, in contrast,
duodenal polyps were classified by Spigelman in
1989, and this coding is still valid and routinely used
worldwide [5] (Table 11.1).

The Spigelman classification allows to score
duodenal polyps according to four general criteria,
with stage 0 to I identifying no or minimal disease, and
stage IV associated with more aggressive disease,
often accompanied by severe dysplasia.

Long-term cohort studies report very slow progres-
sion of disease with development of malignancy in
between 7% and 36% of patients enrolled in
Spigelman stage IV [18,19].

Considering the many factors involved in the
different evolution of the disease, age seems to be one
of the major risk factors for malignancy. It is essential
to make an effort to clearly identify the risk situations
in which there should be very close surveillance, to
allow intervention before invasive carcinoma develops
and while disease is still in an early, theoretically
curable, stage.

There are three very important surveillance studies
in this field reported in the literature, which are
summarized in Table 11.2 [18–20].

Fig. 11.3 Duodenal polyps

Fig. 11.4 Duodenal polyps

Table 11.1 Spigelman classification for duodenal polyps in FAP

Criterion 1 point 2 points 3 points

Polyp number 1–4 5–20 >20
Polyp size (mm) 1–4 5–10 >10
Histology Tubular Tubulo-villous Villous
Dysplasia Milda Moderatea Severeb

Stage 0: 0 points; Stage I: 1–4 points; Stage II: 5–6 points; Stage III: 7–8 points; Stage IV: 9–12 points
aA low degree of dysplasia according to current classification
bA high degree of dysplasia
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The conclusions of these studies are confirmed by a
recent paper from Vasen et al. about the clinical
management of FAP [21]:
• disease progression in terms of number, size, and

histology is very slow
• the cancer risk is related to the Spigelman stage at

entry into the surveillance program
• the evolution from adenoma to cancer may take

more than 20 years
• standard current protocols detect duodenal poly-

posis at an early Spigelman stage.

11.3 Pharmacological Therapy of

Duodenal Polyposis

The first drug that proved to be effective in the treat-
ment of FAP was sulindac, which, in long-term
therapy, was able to reduce the number of colorectal
adenomas by more than 50%, before and after colec-
tomy [22–24]. Unfortunately, the drug has no effect in
the prevention of polyposis.

Twenty years ago, a new class of non-steroidal anti-
inflammatory drugs (NSAIDs) became available, the
COX-2 inhibitors, and celecoxib was successfully
tested in the treatment of polyposis, with a significant
action in treating duodenal adenomas as well [25].

Unfortunately, the reported undesirable cardiovas-
cular effects with rofecoxib stopped many trials. A
recent meta-analysis on 11 published studies
confirmed the safety of celecoxib at a dose of 200 mg
per day, but the standard doses prescribed for poly-
posis are higher [26].

Therefore, at present, sulindac appears to be the
only safe available drug for colorectal polyposis,
although celecoxib could be considered in a tailored
therapy for patients at high risk for progression of the

disease, but without cardiovascular risk factors.

11.4 Endoscopic Management of

Duodenal Polyposis

As in other fields, the good management of duodenal
polyposis in FAP is the result of a close relationship
between the gastroenterologist and the surgeon,
because in all situations a shared plan of therapy and
follow-up is recommended.

At present there are no data in the literature
comparing treatment and surveillance versus no
surveillance, and the following considerations are
based on the classical Spigelman’s theorem.

It is widely accepted that duodenal polyps
Spigelman stage 0–II have a minimal risk of progres-
sion, in contrast with the high risk of malignancy in the
III–IV stage, up to 36% [18,19].

The first consideration when starting to examine the
possible therapeutic options is that there is no
consensus about the optimal way to treat these patients.

The two options for treatment are endoscopy and
surgery. It seems easy, but which and when?

We will start with endoscopy.
The recent technological improvement in flexible

digestive endoscopy has allowed a broadening of
the choice of the treatment and a multimodal approach
to duodenal polyposis. Small polyps could be coagu-
lated with forceps or destroyed with argon plasma
coagulation, but the real battle is not with the
small polyps Spigelman 0–II. Larger polyps could be
snared, using the technique of endoscopic mucosal
resection to warrant a more radical excision, and
cutting to the submucosa; the resection could
be completed with coagulation of the polyp’s edge
(Figs 11.5–11.8).

Table 11.2 Risk of progression of duodenal polyps in FAP

Author Groves et al, 2002 [19] Saurin et al, 2004 [20] Bulow et al, 2004 [18]

Patients, n 99 35 368
Age, years 42 37 25
Sex, male % 55 57 49
Follow-up, years 10 4 7.6
Spigelman IV, %
At start 9.6 14 7
At end 14 35 15
Duodenal cancer 6a 0 4b

aSpigelman stage in previous endoscopies: II, III, IV, IV, IV, IV
bSpigelman stage in previous endoscopies: II, III, IV, IV
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However, snaring is not enough if the outcome of
the procedure is not surveyed, and a recent review by
Brosens et al analyzed 11 papers published on this
topic [27]. The recurrence of adenoma after polypec-
tomy is high, up to 50% with a mean 17% incidence of
complications: perforation, haemorrhage, or pancre-
atitis.

Thus, an endoscopic therapeutic approach appears
not to be indicated for small non-advanced polyps, and
only larger lesions, bigger than 1 cm, or adenomas
with high-grade dysplasia should be endoscopically
resected.

In these cases, the endoscopist should be highly
skilled in performing an endoscopic mucosal resec-

Fig. 11.5 Duodenal adenoma Fig. 11.6 Submucosal saline injection

Fig. 11.7 Endoscopic mucosal resection Fig. 11.8 Base of mucosectomy
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tion, which is preceded by submucosal injection of
saline or volume expander solutions in order to mini-
mize the risk of perforation; the surgeon should also be
skilled in the use of endoclips for treating bleeding or
small perforations [28].

Therefore, the real value of endoscopic treatment of
duodenal polyps Spigelman’s class II or more is still
debated, and while the delay in major surgical proce-
dures could be a clear advantage, this is limited by a
significant morbidity and even mortality.

Table 11.3 summarizes the recommended sched-
uled procedures for the upper GI tract surveillance.

As far as duodenal polyps are concerned, a crucial
topic to consider is the adenomas arising from the
papilla of Vater, which occur in 50–100% of patients
[29]; the periampullary region is the most relevant site
for malignancy in patients after colectomy, and it
develops in up to 10% of cases [20].

Traditionally the first-line therapy was surgery,
with either duodenocefalopancreasectomy or transduo-
denal excision. Due to the fact that only small series or
case reports have been published, it is difficult to
establish a rule in the procedure for endoscopic ampul-
lectomy. Up today, the endoscopic resection of the
adenoma represents the ideal treatment, but it also
presents a high rate of complications and should there-
fore be reserved to endoscopists with proven experi-
ence in therapeutic endoscopy and only used in
patients with clear clinical indications.

Norton and colleagues reported immediate postpro-
cedure complications in 7 out of 26 patients (4 mild
pancreatitis, 2 focal bleeding stopped with adrenaline
(epinephrine) injection, and 1 perforation successfully
managed conservatively) [30].

Regarding the technique, is very important to
perform a clear cholangiopancreatography before the
resection and to inject some drops of dye into the
pancreatic duct, to facilitate post-resection cannulation
and insertion of a short stent for prevention of pancre-
atitis.

All snare ampullectomies have to be performed

without submucosal injection, in order to perform a
full-thickness resection of the adenoma and of the
deeper sphincter musculature. This allows rapid and
easier access to the pancreatic duct [31].

A crucial point of debate in this topic is the setting
of the electrosurgical generator. As in other fields,
fixed rules are lacking, but the authors agree with the
view that advises setting the generator on endocut
blended energy with more cutting than coagulating
power to avoid deep thermal injury and major risk of
secondary complications.

11.5 Jejuno-ileal Polyps

When jejuno-ileal polyps are present, they are very
small and the diagnosis, which is made with either
capsule [32] or double balloon enteroscopy [33], is
usually fortuitous. As there is no evidence of cancer
risk, there is no indication for polypectomy [34].

11.6 Surgery and Upper GI Tract

Polyposis

Surgical treatment of duodenal adenomatosis should
be performed before biopsy shows invasive adenocar-
cinoma. There is also a general agreement that prophy-
lactic surgery should be reserved for patients with
advanced disease ( Spigelman stage III–IV) consid-
ering that the risk of developing cancer in this group of
patients is about 7–35% compared with 5% of the
overall population with FAP [35].

Surgical options include local and resective inter-
ventions.

Ampullectomy and duodenotomy with polypec-
tomy are followed by a high recurrence rate and, in
our opinion, should be reserved for young patients in
order to postpone major surgery.

Major surgical procedures (the classical Whipple
operation or pylorus-preserving pancreatoduodenec-
tomy) are probably the best options for adults with
advanced Spigelman stage. However, the recurrence
rate after extensive surgery is not zero. In a paper
published by Vasen and colleagues, this figure is about
30% in patients treated by pylorus-preserving pancre-
atoduodenectomy, and 18% in a group that underwent
the Whipple procedure [36].

Table 11.3 Suggested program of endoscopic surveillance

Spigelman stage Endoscopic control interval

0–I 5 years
II 3 years
III 1–2 years
IV Consider surgery
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Abstract Colonoscopy has become the leading method to explore the entire colon,
and is currently considered the gold standard for colorectal cancer screening.
Improvements in technology have provided specific diagnostic capability, and the
treatment of dysplastic and neoplastic superficial lesions is now achievable in the
majority of patients, by adopting sophisticated resection techniques. Endoscopic
treatment of polyps must be performed in order to both minimize the risks of the
procedure and optimize the completeness of the removal, thereby reducing recur-
rence; therefore operators must be skilled and continuously trained, in order to
perform local treatment by either endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD). In this way, endoscopic resection can be considered a
safe and effective alternative to surgery for the treatment of colorectal polyps.
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12.1 Colonoscopy

Endoscopy has become the ideal method for rectal,
colonic, and distal ileum mucosal evaluation, and has
replaced the double-contrast barium enema totally [1];
moreover, the introduction of videoendoscopes has led
to colonoscopy being considered the “gold standard”
in colorectal cancer screening, due to the high diag-
nostic yield combined with the range of therapeutic
options available [2].

Diagnostic accuracy and safety of colonoscopy
depends greatly on the following factors.
• The quality of the bowel preparation: iron oral

intake should be preliminarily suspended (3–4
days), and a restricted dietary regimen (low-residue
foods) is recommended for 3–5 days before
colonoscopy [3]. The optimal laxative is not stan-
dardized yet [4], although polyethyleneglycol
(PEG) solutions and sodium phosphate (SP) are
preferred among colonoscopists. PEG is a non-
absorbable solution and significant fluid or elec-
trolyte shifts are therefore avoided; it is generally
safer, although limitations are the high volume
needed (4 liters) and the poor palatability (in 5–15%
of subjects) [5]. SP is a low-volume hyperosmotic
solution which draws plasma water into the bowel
lumen to promote colonic cleansing [6,7]. Since
significant fluid and electrolyte shifts can occur, SP
must be diluted to prevent emesis, and significant
oral fluid intake is required to prevent dehydration,
especially in children, elderly patients, small intes-
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tine disorders, poor gut motility, renal or liver insuf-
ficiency, or congestive heart or liver failure [8–10].

• Informed consent is the precondition to
colonoscopy, due to the high likelihood of operative
procedures, even in asymptomatic subjects. Patients
must be informed about all aspects of the examina-
tion, such as technical (scope progression, air
distension, manual abdominal compression,
expected duration time), pharmacological (need for
conscious sedation and related driving hazards; co-
medications), and clinical (indications, symptoms
and disease correlation, comorbidities) factors.
Information should also include the diagnostic
capability of the technique; the use of specific diag-
nostics methods (biopsy, magnifying/chromoen-
doscopy), the potential for endoscopic treatment,
the type of lesions detected, the risk for cancer
progression, and the rationale of removal must be
explained. The complication rate (bleeding, perfora-
tion) must be declared, even for diagnostic explo-
ration, and the choices for management of compli-
cations should be explained (endoscopic, angio-
graphic, or surgical option). The postoperative
course, the risk of delayed complications and symp-
toms (rectal bleeding, fever, abdominal pain), and
the likelihood of hospitalization must also be
explained.

• Co-medications: use of antiplatelets drugs must be
suspended prior to the procedure (4 days), as well as
anticoagulants, because of the risks of bleeding
[11].

• Antibiotic prophylaxis is usually not necessary,
except in patients in high-risk categories [12].

• Sedation with a combination of meperidine and
midazolam or propofol (anesthesiologist-assisted)
improves colonoscopy outcomes (such as cecal
intubation rate), and allows patient position
changes, with an overall low incidence of complica-
tions [13]. All sedated patients should have contin-
uous monitoring of blood pressure, pulse, and
oxygen saturation [14].

• Digital rectal examination is mandatory to rule out
anorectal diseases, and anal lubrication facilitates
scope insertion.

• The patient lies in the left lateral position for the
insertion and left colon exploration, whereas a
supine position can be helpful for crossing the
transverse colon; right lateral decubitus may facili-
tate passage through the hepatic flexure towards the

cecum. Manual abdominal compression can prevent
loop formation, improve scope advancement, and
minimize pain.

The quality of colonoscopy is defined by the following
parameters [15,16]:

• caecal intubation ≥90%, and in screening cases
≥95% with documentation in endoscopic reports
(100%) and photography when available

• withdrawal time should average at least 6–10 min
• polyp detection rate (≥25% in males and ≥15% in

females older than 50 years)
• documentation of the quality of bowel preparation

(goal: 100%).
Concerning complications, quality-improvement

targets are [15,16]:
• the percentage of cases with informed consent

(goal: 100%)
• the incidence of minor sedation reactions, such as

unplanned reversal of sedation (goal: ≤1 in 100)
• the incidence of more serious adverse reactions

(mask ventilation or endotracheal intubation) (goal
≤1 in 300)

• the incidence of perforation by type (goal <1 per
1000; for screening <1 per 2000)

• the incidence of post-polypectomy bleeding (imme-
diate and delayed) (goal <1 per 100).

12.2 Instruments and Diagnostic

Techniques

Since the first introduction of fiberoptic models, tech-
nology advance has led to considerable improvements
in the performance of endoscopic instruments. Stan-
dard electronic scopes with distal charge-coupled
device (CCD) provided high-resolution images (up to
200,000 pixels) and better luminal visualization
(130–140° vision angle) across angulations and within
the folds; recently, high-definition (HD) scopes
(> 850,000 pixels), using optical or electronic magnifi-
cation up to 80 times, can visualize early adenomatous
lesions, aberrant crypt foci (ACF), and dyscromic
mucosal areas that are not otherwise visible [17].

Optical chromoendoscopy, using surface contrast
dyes and vital colorant staining, combined with magni-
fication, can now be used to improve recognition of
early lesions, to target biopsies, to visualize glandular
opening (pit pattern), and for histological definition of
parietal invasion (Table 12.1) [18,19]. Additional tech-
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niques available for electronic chromoendoscopy are
narrow-band imaging (NBI) which provides, by
optical RGB (red, green, blue) filters, visualization of
pit patterns and the superficial vascularization [20],
and Fuji intelligent chromoendoscopy (FICE), which
can be applied to acquired images [21]. Moreover,
NBI can differentiate the vascular pattern (according
to the intensity of vessel network clarity around the
pits) into a three-point scale, as follows: (1) weaker
(paler) than surrounding mucosa (non-neoplastic); (2)
similar to surrounding mucosa (non neoplastic); (3)
stronger (darker) (neoplastic). Predictive values of
vascularity, obtained both by NBI and optical chro-
moendoscopy are comparable for differentiating
between dysplastic and neoplastic changes (sensitivity
96.8%, specificity 81.1%) [22,23]. Furthermore, NBI
does not require either mucosal cleansing or staining
solutions, and is user-friendly as there is a manual
switch on the handle of the scope. Current limitations
concern the inter-observer variability in imaging inter-
pretation, the need for new processors, and a detailed
cost analysis.

12.3 Polyps

Colorectal polyps are very different in size, superficial
extension, and aspect; moreover, these features may

be not related to the histological type of the lesion.
According to the Paris classification of superficial

gastrointestinal neoplasia (Table 12.2), polyps can be
morphologically differentiated into polypoid
(protruding type) and non-polypoid (non-protruding
type) [24]. Laterally spreading tumors (LSTs) are
polyps greater than 10 mm in diameter with a low
vertical axis, that extend laterally along the lumen and
can be classified into G-type (granular, uniform or
mixed) and F-type (flat surface non-granular)
according to the predominant aspect [25]. The likeli-
hood of malignancy and submucosal invasion can be
estimated for polypoid lesions, according to the size of
the head and stalk, as well as surface depressed areas
[26]. Moreover, correlation between pits and histolog-
ical analysis is well demonstrated with overall diag-
nostic accuracy of 75% for non-neoplastic (types I and
II), 94% for adenomatous (types III and IV), and 85%
in polyps suspected for invasive cancer (type V);
sensitivity ranges from 42% to 98% to 82% respec-
tively, whereas specificity is 99%, 52%, and 99%
respectively [27]. Furthermore, pit patterns associate
to submucosal invasion (0% in types II–IIIL, 3.9% in
IIIS, 3.8% in IV, and 21.1% in VI, up to 65.6% in VN
group – 100% for depressed, type IIc lesions) [18].
According to morphology (flat, elevated, depressed),
lymph node involvement has proven to be related to
submucosal invasion (ranging from 0.76%, 2%, to
29.3% respectively) and to pit pattern (from 0% to 4%
for IIIS–IIIL and IV, up to 41% for type V) [27].

12.4 Polypectomy

12.4.1 Instruments – Accessories

Electrosurgical generators (ESGs) allow polypectomy
by energy delivery for endoscopic accessories through
monopolar (snares, hot-biopsy forceps, argon beam
coagulation) or bipolar circuit (hemostatic proce-

Table 12.1 The pit pattern classification system

System type Pattern

I Normal
II Non neoplastic

• Star-like
• Onion-like

III Neoplastic (tubular)
• L (large)
• S (small)

IV Neoplastic (adenoma)
V Neoplastic (carcinoma)

• I (irregular)
• N (non-structured)

Table 12.2 The Paris classification of superficial gastrointestinal neoplasia

Type Morphology Classification group

0-I Pedunculated 0–Ip
Sessile 0–Is

0-II Slightly elevated 0-IIa
Completely flat 0-IIb
Depressed without ulcer 0-IIc

0-III Excavated or ulcerated 0-III
Mixed 0-IIa + 0-IIc 0-IIc + 0-IIa
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dures). ESGs provide two principal therapeutic effects:
cutting (by >200 V continuous current), and coagula-
tion (by interrupted or <200 V continuous current);
the type and intensity of the current has been proven to
influence the risk and timing of bleeding after polypec-
tomy, since cutting or blended current expose the
tissue to the danger of immediate bleeding (elevated
tissue necrotic effect), whereas the use of pure low-
voltage coagulation current is more likely to result in
delayed hemorrhage [28].

Forceps (single-use or reusable) are very different
in cup shape and size (standard, jumbo) and include
standard “cold” and “hot” devices, which may join
both tissue sampling and electrocautery; hot forceps
are generally considered the easiest cautery instrument
to resect small polyps and the hardest for controlling
thermal injury [29].

Snares usually consist of a monopolar wire loop to
surround the target tissue, which is then transected by
both mechanical and electrosurgical cutting as the loop
is withdrawn into the sheath. All the snares are
designed for electrosurgical use, but either hot or cold
techniques (small or mini snares) can be used with any
device. Both single-use and reusable snares are avail-
able. Wires can be classified as monofilament (stiffer)
or braided [30]. Differences in snare size (from 1 to 6
cm in diameter) and shape (oval, hexagonal or cres-
cent) facilitate the capture of the lesion; moreover,
rotator wires allow orientation of the loop; recently,
needle-tip snares (small caliber) have been introduced
to ameliorate positioning and grasping the base of
polyps [31].

Polyp retrieval devices: polyp and fragments
retrieval is essential to achieve histological analysis,
and several endoscopic devices may be useful for this
purpose, according to size, consistence, site, and
number of polypectomies. Currently, snares, tricusp-
idal forceps, or Dormia baskets may be useful to
recover small, pedunculated polyps; otherwise, after
piecemeal resection, fragments can be removed by
filtered suction traps directly through the operative
channel. The most powerful tools for polyp recovery
seem to be retrieval nets (assembled over a metallic
wire) that are different in size and length, which
provide safe capture and optimal preservation of the
specimen for histology [32,33].

Injection needles consist of an outer sheath (plastic,
Teflon, or stainless steel) and an inner core needle
(23–25G), different in length (from 200 to 240 cm) and

in needle exposure (prefittable by screw set on the
handle), to avoid extracolonic injection and peritoneal
contamination. The caliber of the needle has a role in
submucosal injection of hypertonic, viscous solutions
(such as sodium hyaluronate, glycerol, or fibrin
glue) [34].

Plastic transparent caps (similar to endoscopic liga-
tion devices) allow tissue to be suctioned into the
chamber and excised with a snare to facilitate resection
of sessile polyps. For endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD)
techniques, caps are available in a variety of sizes and
shapes (symmetric or oblique), and addition of a distal
circular rim at the distal cap’s tip permits housing of a
prefitted snare [35].

Tattooing: when colonic resection is required (lesion
flat or small), or during surveillance, localization can
be optimized by submucosal four-quadrant tattooing
with sterile India ink, although x-ray detection by endo-
scopically placed clips and intra-operative colonoscopy
have been adopted. Ink tattooing has been shown to be
the ideal marker, satisfying all requirements (long dura-
tion, serosal visibility, neither systemic nor visceral
injuries); no long-term adverse effects from this tech-
nique are reported (more than 1000 procedures
performed). The absence of bleb is most commonly due
to ink leakage along the needle tract and spilling into
the lumen, or deep penetration in the wall, which can
result in intraperitoneal spraying [36].

Hemostatic devices: post-polypectomy hemorrhage
occurs in 0.3–2.25% of patients, both immediately
after or up to three weeks later. Bleeding during EMR
or ESD cannot be considered as a complication, but as
an aspect of the technique, and is usually managed
at the same time [37]. Several devices are currently
available to stop bleeding, and the endoscopist’s skill
and confidence are essential for the choice of the
optimal tool.

For mild bleeding from small polyps, “hot” biopsy
forceps can be adopted. Metallic clips provide hemo-
stasis through vessel compression around the polypoid
stalk or base. Orientation can be achieved by rotational
mechanism, and positioning can be modified by re-
opening the catheter device. Clips are multi-angle
shaped, made from stainless steel ribbons of different
lengths (short/standard/long), size, number (2 or 3),
and angulations (90°/130°); both mono- or multiple-
clip deployment systems are available [38,39].
Detachable nylon loops can be placed over peduncu-



12 Lower Gastrointestinal Endoscopy for Polyps and Polyposis 139

lated polyps to prevent or to stop bleeding after stalk
resection. After exit out of the Teflon sheath (1950 mm
long and 2.5 mm in diameter) and placement, the loop
is then tightened with advancement of a silicon-rubber
stopper; once the desired closure extent is obtained, it
should then be released; application can be difficult for
large polyps and because of wire floppiness, leading to
difficulties in polypectomy [40].

Argon plasma coagulation (APC) applies high-
frequency monopolar current to target tissues through
ionized argon gas (plasma), which is an excellent elec-
trical conductor, and an electrical spark at the tip of the
probe leads to current flow through the gas to the
nearest available tissue. Several flexible probes are
available, different in length, diameter, and direction
of the flushing gas (forward or tangential). The main
advantage of this coagulation method is the non-
contact mode, which results in lower wall penetration
(compared to standard laser), providing minimized
thermal injuries. Factors affecting the depth of coagu-
lation effect are the duration of the energy burst and
the power setting; in the right colon, power settings of
40–45 W are appropriate, whereas from the transverse
colon to the rectum, higher power settings can be
applied (60 W maximum). Current indications for
APC are ablation of residual sessile polyps after piece-
meal polypectomy and hemostasis for minimal
spurting during resection [41].

Endoscopic ultrasonography: high-frequency ultra
sonography (HFUS) with mini-probes ranging from 12
to 30 MHz, represents an additional method to
improve the local staging, through assessment of wall
infiltration and lymph node status (overall diagnostic
accuracy 70%) [42]; furthermore, HFUS can be
adopted to choose the proper resection strategy (endo-
scopic versus surgical).

12.4.2 Technique

The initial requirement for performing polypectomy
safely is a good field of view, maintaining the polyp in
a standard-fashion position (between 5 and 11 o’clock)
close to the operative channel of the scope, and using
scope rotation.

Factors that primarily affect the choice for the
proper technique (and accessories) are the size and the
aspect of polyps.
• Small polyps (1–10 mm) account for about 90% of

all the lesions and the occurrence of cancer is lower
than 1%. Polyps <5 mm (diminutive polyps) can
be safety removed by forceps in the “cold” or “hot”
fashion; for larger lesions, mini-snare cautery
should be used to provide complete ablation.
Although “hot biopsy” provides more-radical abla-
tion compared to cold mode [43], the risk of colonic
wall burning is higher, especially in the cecum and
right colon [44,45]; both traction of the polyp
during burning, and submucosal injection can make
the procedure safer; otherwise, the “cold” technique
provides a minimal bleeding risk but recurrence is
observed [46].

• Polyps >10 mm: pedunculated polyps can usually
be removed in en-bloc fashion, with single snare
resection or by preliminary clip positioning around
the stalk, and needle knife incision as well as ESD
technique [47]. Sessile polyps can be safely
removed by assisted submucosal injection, with
both piecemeal and en-bloc technique. The proper
snare position can be assured by positioning the
distal end of the sheath in the middle of the stalk, or
at the borders for sessile polyps, and the tip of the
snare must be carefully controlled during closure, to
avoid entrapment of unaffected tissue.

• ESG power settings should be fitted according to
the thickness of the tissue, regardless of the aspect
of the polyp and can be therefore summarized as
follows: for pedunculated polyps >3 mm, and
sessile polyps >8 mm, blended current (ton 50 ms, toff

300–500 ms) can be safely applied; in all the other
cases the cut (60–200 W) or coagulation current
(60–120 W) is preferable [48].

12.4.3 Safe Polypectomy

Outcomes of polypectomy depend upon the risk of
complications and the completeness of the resection
(radicality), regardless of the morphology, the site, and
the size of the lesion, and are strongly influenced by
the following factors.
• The choice of the proper accessories (hot or cold

biopsy forceps; small or large, flexible or stiff
snares) according to the different resection tech-
nique (hot versus cold method, en-bloc versus
piecemeal) influences complete removal. Treatment
of the base and scar can be additionally performed
whenever there is an increased likelihood for
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residue, due to piecemeal resection (sessile, large
base, or flat lesions); thermal ablative methods such
as bipolar or hot forceps, BICAP probe, or APC can
substantially reduce the risk for recurrence by up to
50% [49], although intensive follow-up is recom-
mended (4–12 week intervals).

• In order to minimize adverse effects of polypec-
tomy, trained and skilled assistants should support
any operative step and assess the functioning and
the proper use of the equipment. The ensnaring
technique, according to the aspects of the polyps
(degree of the snare resistance, handle snare
marking at the point of closure, evaluation of the
volume of the lesion), is the factor that mainly influ-
ences the process, to avoid bleeding risks after
cheese-wiring. Predisposing factors are considered
the snare stiffness (hexagonal, monofilament, rein-
forced braided), the small size of the lesion, and the
modality of snare closing (2:1 ratio of snare/handle
movement). During the ensnaring time, normal
adjacent mucosa or submucosa can be entrapped
into the wire, exposing tissue to the risk of deep
thermal injury: it is therefore recommended to
check the polyp position in the snare, with eventual
reopening and repositioning of the device.

• Techniques for preventing complications are essen-
tial for polyps greater than 10 mm. For large,
floppy-stalked polyps, both detachable nylon loops
(Fig. 12.1a) and clips (prior to resection) can be
positioned [50]; however, clips can also be attached

subsequently to avoid thermal injuries due to
contact with the snare [40]. Endoloop usually
persist for 4–7 days, whereas clips move away in a
different time, ranging from 1–2 (Triclip® by Cook
and HX-5L® by Olympus) to 4–5 weeks (Resolu-
tion Clip® by Boston Scientific).

• Submucosal injection (SI) is a well-standardized
technique for insulating the muscular plane from
the layers above, leading to reduction of the risk for
thermal injuries [51,52], and ameliorating polyp
capture. Several solutions can be applied, such 50%
dextrose, glycerol, and 0.5% sodium hyaluronate,
providing significantly longer-lasting effect (from
5 to 23 min) compared to normal saline solution
with or without epinephrine (2–3 min) [53].

• The lifting effect can be maintained by subsequent
injections or, recently, by a new pressure-controlled
injective system without needle (Hydrojet®-Erbe),
able to dissect the different tissues types through
precisely adjusted water pressure (right or left
colon, rectum) [54]. Moreover, the overall volume
of the solution injected can differ greatly, according
to the size and the polyp extension, from 3–4 mL up
to 50 mL [55]. SI is furthermore proposed when
base coagulation after polypectomy is required, or
when residue is found at follow-up. Injection can
be unsuccessful (no lifting sign) due to deep
neoplastic infiltration, inaccurate needle placement
through the wall, or fibrotic scar after previous
piecemeal resection.

Fig. 12.1a,b Large sigmoid-stalked polyp: detachable nylon loop prior to snare resection (a). Flat right colon polyp: indigo carmine
submucosal injection, circular mucosal incision by snare tip and resection (b)

a

b
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12.4.4 Difficult Polypectomy

Factors concerning a “difficult” polypectomy are
related to the endoscopist’s skill, resection technique,
polypoid elements (position, localization, aspect, and
size), and patient characteristics (comorbidities, use of
antiplatelets or anticoaugulants).
• Sessile polyps, larger than 20 mm, extended for

more than one-third of the circumference, over two
consecutive folds, “clamshell”-like, or in a flexure
site (overall prevalence from 0.8% to 5.2%), can be
challenging even for skilled endoscopists [56], and
a “second look” procedure (with prior endoscopic
marking) should be attempted by experts to
complete resection; this reduces the need for
surgery in up to 50% [57–59].

• Polyps >10 mm should be removed after cecal eval-
uation; any additional cancer or large polyp found
might change the strategy [60].

• For hidden polyps (between folds or diverticula), or
when fluids are abundant, the ability to change
patient position can lead to better detection [61];
similarly, manual abdominal compression, SI in the
proximal part of the lesion, and scope retroflexion
(easy in the rectum and right colon, difficult in the
left colon) may improve identification [62]. Addi-
tional methods to increase the polyp detection rate
are plastic cap attachment [63], use of different
stiffness [64] or double-channel instruments [65],
or the “dual-endoscope technique” [66].

• Sessile polyps larger than 20 mm located between
two folds can be resected in one session by the use
of stiffer snares (asymmetric or rotating mini) [67],
which can provide resection of the polyp proxi-
mally; moreover, circular mucosal incision by the
tip of the snare can make the ensnaring safer [68]
(Fig. 12.1b).

• Polyps larger than 35 mm, LSTs, or suspected for
malignancy should be resected with EMR and ESD
techniques.

• Surgery should be considered when the polyp is too
large in size and extension (>30% in the colon,
>60% in the rectum), intra-appendicular, or inside
the ileocecal valve; when perforation occurs after
polypectomy; when endoscopic removal is incom-
plete and the follow-up will not be adopted [69].

12.4.5 Radical Polypectomy

The completeness of polypectomy influences thera-
peutic efficacy directly, as more than 25% of cancers
detected after a negative colonoscopy are performed
with conventional techniques considered to be a result
of incomplete removal [70,71].

Factors involved in the radicality can be distin-
guished into histology non-dependent factors and
those directly related to the nature of the lesion.

12.4.5.1 Histology Non-Dependent Factors

The colonoscopist’s skill is the main factor influencing
the outcomes of polypectomy [16], with significant
reduction in morbidity and increase in the rate of
complete resection, particularly for large sessile polyps
[72,73].

The polypectomy technique (“piecemeal” or “en-
bloc”) influences the success rate significantly, as
confirmed by the overall failure rate after piecemeal
resections ranging from 14% to 55% [57,74,75], with
residue and recurrence of large sessile polyps in 50%
of cases [76].

12.4.5.2 Histology-Dependent Factors

The main controversy about efficacy of polypectomy
concerns the histological definition of malignant
polyps and the differentiation in low- and high-risk
lesions. Malignant polyps can be defined when cancer
cells penetrate through the muscularis mucosae, and
negative predictive factors are involvement of resec-
tion margins (<2 mm), detection of poorly differenti-
ated cells, and vascular and lymphatic invasion
[77,78]. At least one of these elements provides the
high-risk definition, and indicates surgery regardless
[79], in order to treat any neoplastic residues and
to assess lymph node status. Moreover, since more
accurate histological specimen evaluation is achiev-
able by endoscopic resection techniques, such as
EMR and ESD, predictive factors for lymph node
metastases are considered to be the depth and width of
submucosal invasion and the presence of “tumor
budding” [80].
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12.5 Colonic Endoscopic Mucosal

Resection and Endoscopic

Submucosal Dissection

For large sessile (>2 cm), flat, LSTs, or polyps
suspected of malignancy, EMR and ESD techniques
have been adopted, since they have the ability to
achieve “en-bloc”, margin-free resection [81] in most
cases, with a significant improvement in the extent of
removal and the accuracy of histological analysis
(90%) [82–84]; EMR and ESD completely eliminate
the affected mucosa by the resection of superficial
layers (with “organ-sparing” modality) through the
middle or deeper part of the submucosa. In order to
perform EMR and ESD, endoscopists should be confi-
dent with the “lifting sign” after SI, which is predictive
of the absence of muscularis propria infiltration (posi-
tive predictive value for invasive cancer 83%),
suggesting a lesion confined to the superficial layers
(sensitivity 100% and specificity 99%) (Fig 12.2a)
[53,85].

12.5.1 EMR Technique

According to the modality, EMR techniques can be
classified into “suction” (cap-assisted endoscopic
mucosal resection (EMR-C), and endoscopic mucosal
resection with ligation (EMR-L)) and “non-suction”
(inject and cut, inject-lift and cut). In EMR-C the
lesion is preliminarily suctioned through a plastic cap

distally attached to the scope, and then resected with
asymmetric cautery snare [86]; despite the wide appli-
cation in the upper gastrointestinal tract, the adoption
of this technique for colonic lesions is still limited due
to the high risk of perforation compared with “non
suction” tecniques (Fig 12.2a); in any case, the modi-
fied Soehendra technique, with monofilament stiff
snare can be adopted [87].

Non-suction resection can be performed in several
ways, with both standard or dual-channel scope, with
snares (monofilament or stiffers are preferable) and
forceps, with pre-cut technique or overtube attach-
ment; the lesion (smaller than 20 mm), preliminarily
lifted, can be resected in “en-bloc” fashion with
cautery snare following some technical tips:
• avoid marginal SI
• preliminary incision of the non-affected mucosa
• colonic deflation while ensnaring.

Although EMR can be compared to standard
polypectomy, experience, skill, and prudence must be
reserved especially for sessile lesions in the right
colon, due to the thinner wall; elevated injection
volume and complete lifting are therefore needed;
conversely, hypertonic solutions might lead to parietal
injuries and prolong the healing process after EMR
[88]. For very large lesions, preliminary chromoen-
doscopy to define the margins is indicated, as well as a
circumferential incision with a needle-knife prior to
submucosal injection.

The main limitations of EMR for colorectal polyps
are the following:
• polyps greater than 2 cm (oncological resection

Fig. 12.2a,b Lift-and-cut EMR for large rectal sessile polyp a. Standardized ESD technique for rectal LST b

a

b
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cannot always be warranted by piecemeal resection)
• features suspected for malignancy: type V pit

pattern, ulcerated and irregular depressed surface
• Sm2–3 invasion detected by HFUS
• fold convergence and incomplete lifting; multiple

folds involvement (>2); extension >1/3 of the
luminal circumference.

12.5.2 ESD Technique

Conventional polypectomy techniques, as well as
EMR, expose patients to the risk of residue, especially
for LSTs, large sessile, elevated type, and superficial-
type neoplasia; moreover, the maximum size of the
lesion for “en-bloc” resection is about 2 cm (due to
snare size).

ESD represents a promising, new technique for the
“en-bloc” removal of large and extended lesions that
are not suitable for EMR, through the recognition of
the dissection plane between submucosa and muscu-
laris propria, with reduction of the risk of parietal
burning and perforation [89,90]. ESD can be
conducted in surgical-like fashion, but only by using
specifically designed instruments, including knives
and supporting devices (injection needles, plastic caps,
metallic clips, and coagulation grasps).

12.5.2.1 Knives

• The IT Knife® is the first knife introduced and the
most widely adopted, consisting of a ceramic insu-
lated spherical tip at the distal end of a needle knife.

• The Hook Knife® with a distal L-shape hooks the
mucosa and submucosa prior to cutting, achieving
control of the depth of resection; the rotary func-
tion makes it possible to alter the resection plane
vertically or horizontally, and the back of the distal
hook can be applied for marking the tissue,
reducing the risk of perforation.

• The Flex Knife® is a covered-sheath device, with a
distal looped wire end, and is flexible, which
provides different cutting planes (vertical, hori-
zontal, or oblique).

• The Triangle Tip Knife® has a distal triangular
non-insulated tip, whereby no cutting rotation is
required. It can be used from marking and pre-
cutting to incision and dissection, and to stop mild
bleeding as well.

• The IT Knife 2® combines an insulated triangular
and distal ceramic tip.

12.5.2.2 Hemostatic Forceps

Several models, of different shape and cup sizes are
currently available:
• Coagrasper®: rotating with anti-slip mechanism

applied on the cups which allows grasping of the
bleeding points securely for faster and more reliable
hemostasis.

• HotClaw® is a rotating device, with claws at the
end of the grasp to anchor the tissue more strongly,
resulting in minimum submucosal injury.

• HotBite® is useful for marking and incision prior to
IT Knife dissection; it is suitable as a needle knife
even on flat mucosa.

12.5.2.3 Procedure

The procedure (coupled with ERBE® ICC 200/VIO
ESG system) is performed in a well-standardized
fashion (Fig. 12.2b):
• a plastic transparent cap is attached to the distal end

of a therapeutic gastroscope (3.8 mm channel)
• preliminary cautery marking (forced coagulation 40

W/swift coagulation 60 W) on the non-affected
mucosa (2 mm away from the lesion)

• multiple liftings and injections (indigo carmine or
methylene blue) to dissociate the muscularis propria
(white appearance) from the submucosal layer (blue
appearance)

• diathermic circular incision around the lesion is
created (endo-cut effect 3, 120 W/swift coagulation
effect 4, 40 W)

• specific devices must be used
• neoplastic mucosal dissection from the surrounding

colonic tissue is made along the interspaces
between the submucosa and muscularis propria
(forced coagulation 60 W/swift coagulation 40 W)

• step-by-step and submucosal vessel coagulation
with hemostatic forceps (soft coagulation 80 W).

Current limitations of colorectal ESD are:
• difficulties in maintaining the proper scope position
• slimness of the colorectal wall and folds compared

to the upper gastrointestinal tract
• luminal angulations and peristaltic colonic move-

ments
• high morbidity rate when perforation occurs.
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12.5.2.4 Results

Bleeding is the most frequent complication of ESD,
ranging from 1% up to 45%, generally occurring
immediately or within 24 hours, while in 13.9% of
patients it can be delayed [85,91]; intra-operative
hemorrhage cannot be considered as a complication,
but rather as a procedural event, usually managed
consensually. Perforation rates have shown to be
higher (4–10%), compared with the EMR technique
(0.3–0.5%), although small defects can be successfully
closed by clip positioning.

Local recurrence (both marginal or basal) after ESD
reported in the literature ranges from 0 to 46%, due to
the different skill of endoscopists, heterogeneity of the
lesions (in size and histological type), and the different
resection techniques adopted [91–94].

An intensive surveillance protocol must be sched-
uled after ESD (within 6–12 months), in order to
detect any recurrence early, and to re-treat residues
with additional ablative methods if necessary;
however, the success rate of this strategy is still debat-
able, with eradication rates ranging from 40% to 50%
(49); Conio et al have shown no significant differences
in recurrence rate by the addition of APC [82].

Controversies about EMR and ESD for both polyps
and early neoplastic lesions (T1m-N0) concern the
difficulty and the time-consuming nature of the proce-
dures (25.8 ± 25.9 min and 84.0 ± 54.6 min respec-
tively), the complexity of the resection technique, the
need for skilled and trained operators, and the accurate
selection of patients and lesions.

EMR and ESD can therefore be considered as inno-
vative techniques, complementary to standard
polypectomy, and able to increase the indications for
therapeutic endoscopic options.

12.6 Check List

12.6.1 Pre-Polypectomy

A skilled and trained team (endoscopist-assistant-
pathologist) is fundamental for achieving the best
results. The following are also important:
• optimal colonic cleansing
• bleeding risk should be assessed before the proce-

dure through family history and co-medications
• snare handle marking prior to resection

• polyp position maintained in safe mode and with
complete visualization

• for polyps >1 cm, protective methods should be
adopted to avoid complications

• immediate bleeding should be managed by avail-
able techniques (thermal, injection, or mechanical)
at the same time

• permanent marking should be adopted for polyps
that are suspected of malignancy, widely extended,
or difficult to detect.

12.6.2 Post-Polypectomy

• The examination report should contain details of the
technique applied and the equipment used for the
resection, the extent of colonic visualization
(cecum, distal ileum), and the characteristics of the
lesion removed.

• Patients must be informed about probable imme-
diate symptoms, such as pain (common but tran-
sient after air discharge); furthermore, complication
complaints must be illustrated.

• After operative procedures, patients who are not
looked after by family members, or who live a long
distance from the hospital must be observed for
24–48 h.

• Therapeutic regimens should be re-assumed by
agreement with the patients.

• High-risk patients should refer to the endoscopic
unit immediately in case of bleeding, in order to be
managed and reduce the need for blood transfusion
and surgery.

• If pain persists, after perforation has been excluded
(by x-ray or CT scan), patients should be observed
for 24–48 h.
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Abstract Safe and efficient performance of endoscopy depends on the availability
not only of expert endoscopists, but also of properly trained personnel and adequate
facilities and equipment. Complications are inherent to all phases of the endoscopic
procedure (preparation, sedation and analgesia, diagnostic or, more frequently, ther-
apeutic endoscopy, and reprocessing post-procedure), immediately or within 30 days
of the procedure. The most important complications are perforation and intestinal
bleeding, which can be lethal if not properly diagnosed. Frequently, surgical explo-
ration is still the treatment of choice, but new endoscopic techniques, such as clip-
ping, argon plasma coaguation, endoloop or injection of drug, can allow patients to
be treated conservatively.
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13.1 Introduction

In the past, complications related to endoscopic proce-
dures were thought to be associated with poor patient
care. It is now well known that complications are
inherent to all phases of the endoscopic procedure,
including patient preparation, sedation and analgesia,
and instrument-related maneuvers. Today, the physi-
cian endoscopist has the responsibility of under-
standing the associated risks of gastrointestinal
endoscopy and needs to know all the measures avail-
able to minimize their occurrence. Additionally, when

complications occur, the endoscopist should properly
diagnose and treat them as soon as possible. The safe
and efficient performance of endoscopy depends on
the availability not only of expert endoscopists, but
also of properly trained personnel, and adequate facil-
ities and equipment. In this way, the mortality and
morbidity of complications related to lower gastroin-
testinal endoscopy may be reduced. Colonoscopy-
related mortality is extremely low, near zero [1–3].
The percentage of complications is also very low
and these are mainly represented by acute events,
recorded during the examination, but procedure-
related complications can occur within 30 days of
colonoscopy. In studies of diagnostic colonoscopies,
the rates for bleeding have varied from 0.02% to
0.03%, and for perforations from 0.04% to 0.6%. The
corresponding figures for therapeutic colonoscopy are
0.31% to 2.7% [4].
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13.2 Complications of Bowel Preparation

Colonic lavage is essential to clear the lumen of
mucus, fecal matter, combustible gases [5–7], and
blood. Inadequate colonic lavage reduces mucosal
visibility and can increase the risk for perforation and
failure to diagnose disease [8,9]. Oral purgatives are a
standard regimen for colonic cleansing [10,11].

Polyethylene glycol (PEG) lavages are non-
digestible and non-absorbable solutions that are iso-
osmolar with plasma so they are relatively safe with no
significant changes in fluid and electrolyte balance
[12]. Minor side-effects may include nausea, vomiting,
and abdominal discomfort [13]. Gastrointestinal toler-
ance can be improved with administration of a proki-
netic agent 30 min before ingestion of lavages [14,15].
Other reported complications are aspiration with
hypoxemia or adult respiratory distress syndrome
(ARDS) [16], Mallory–Weiss tears, anal irritation,
angioedema, systemic allergic reactions, cardiac
arrhythmias, and death.

Oral sodium phosphate solutions are osmotic,
buffered, saline laxatives that offer a small-volume
alternative for bowel preparation. They have the same
efficacy and are well tolerated [17,18] in comparison
to PEG solutions [19,20], but have been associated
with severe electrolyte disturbances and so should be
used with caution in patients with underlying renal
insufficiency, congestive heart failure, liver cirrhosis
with ascites, and advanced age [21–28]. Active colitis
and aphthous ulcerations have been reported [11].

Sennoside preparations have been associated with a
mononuclear infiltrative colitis, making interpretation
of colon biopsies difficult [29].

In patients with chronic constipation or neuromus-
cular disorders, a clear liquid diet for 24–48 h before
examination, with addition of magnesium citrate, may
improve the quality of bowel cleansing [30]. In
patients with suspected obstruction or toxic mega-
colon, bowel lavage should be carried out very
cautiously because of the risk of perforation.

13.3 Complications of Sedation and

Analgesia

Although colonoscopy is generally well tolerated,
some patients regard the procedure as unpleasant and
painful. Lower body mass index (BMI), history of

hysterectomy, diarrhea, first-time colonoscopy, and
anxiety level are independent factors related to painful
colonoscopy; older age, lower BMI, and history of
hysterectomy are independent factors related to diffi-
cult colonoscopy [31–33].

Intravenous benzodiazepines, alone or in combina-
tion with narcotic analgesic, are the preferred regimens
for short-term conscious sedation [34]. Midazolam and
diazepam are the most commonly used and have
proven to be relatively safe and effective. Midazolam
has a more rapid onset of action, shorter duration of
effects, and more significant degree of anterograde
amnesia.

13.3.1 Cardiopulmonary Complications

Cardiopulmonary complications (respiratory depres-
sion with hypoxemia, with potential risk of myocardial
infarction or cardiac arrhythmias) may occur in
0.01–2% of patients [35]. To prevent potential compli-
cations, the endoscopist should identify high-risk
patients by prior anamnestic evaluation (pregnancy,
obesity, drug or alcohol abuser, uncooperative, old
age), and administer intravenous benzodiazepines in
small, incremental doses [36]. Careful titration of
sedatives and analgesics to achieve patient comfort,
and reassessment of drug effect between boluses
reduce the occurrence of over-sedation and subsequent
risk of cardiopulmonary complications [37].

Opiate preparations are commonly used with
benzodiazepines to prolong the sedative effect and
provide short-term analgesia. The combined use of
benzodiazepines and opiates causes a synergistic effect
with increased risk of respiratory depression, severe
hypoxia, and potential myocardial ischemia. Adminis-
tering opiates prior to benzodiazepines leads to a
50–70% of reduction in total drug dose [38]. For
prolonged procedures, such as endoscopic retrograde
cholangiopancreatography (ERCP), and in children
[39], a short-acting general anesthetic agent (e.g.
propofol) is necessary to induce deeper sedation and
more-potent analgesia [40–42].

Treatment of cardiopulmonary complications
includes discontinuation of procedure, hemodynamic
support, and administration of reversal agents
(flumazenil for benzodiazepines, naloxone for opioid
drug) even if naloxone has been associated with
serious side-effects (tachyarrhythmias and withdrawal
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syndrome that can be confused with other endoscopic
complications) and should not be used routinely after
conscious sedation [43].

13.3.2 Paradoxical Reactions

Paradoxal reactions, such as combativeness, agitation,
disorientation, and tachycardia, are rare events due to
administration of sedative medications and can be
confused with insufficient sedation. Management
includes the use of pulse oximetry aids, and adminis-
tering the reversal agent flumazenil [44].

It is generally accepted that rapid detection of
changes in cardiopulmonary parameters may prompt
early patient assessment during the endoscopic proce-
dure and decrease the risk of progression to serious
complications. Guidelines of the American Society of
Anesthesiologists (1996) recommend electronic moni-
toring before sedation and during and after the endo-
scopic procedure [45]. Continuous pulse oximetry
monitoring is recommended for all the patients
submitted to colonoscopy, irrespective of whether
sedation is used or not. Continuous oxygen supple-
mentation is recommended in patients with baseline-
limited cardiopulmonary reserve [46,47].

13.4 Complications of Diagnostic

Colonoscopy

The demand for colonoscopy has dramatically
increased in recent years, for the important role of
diagnosis in colorectal cancer screening, surveillance
of prior cancer or polypectomy, evaluation of hema-
tochezia, changes in bowel habits, etc. Colonoscopy
continues to be an invasive procedure with infrequent,
but potentially severe, complications as a result
of preparation and premedication, mechanical trauma,
anatomical variation of the colon, and operator inex-
perience. The complication rate in diagnostic
colonoscopy is 0.1–0.3%, although reports of these
data are very different in the literature [4,48].

Perforation is the most important complication,
with a frequency of 0.03–0.9% [49] and a mortality
rate of 0.2% in diagnostic colonoscopy. The incidence
of perforation increases when polypectomy or other
therapeutic interventions are performed. Major mecha-
nisms leading to perforation are [50]:

• excessive mechanical pressure of the colonscope on
the colonic wall and too many manipulations during
torsion and straightening of the instrument

• excessive air insufflation
• poor visibility due to inadequate bowel preparation.

These events may result in seromuscular stripping
and serosal tears without the development of free
perforation. Procedure-related colonic perforations are
most commonly localized in the rectosigmoid tract
(74%) and occur predominantly in females [48,51,52].
Risk factors for perforation are: the presence of
inflammatory activity, prior pelvic radiotherapy, the
presence of diverticula, and prior abdominal surgery
[53]. For some authors, the use of anesthetic does not
increase the risk of perforation and is not accompanied
by severe complications, but the extent of sedation and
analgesia is a controversial subject [50].

The definitive management remains controversial
[54]. Sometimes, immediate operative intervention is
not mandatory. It seems that non-operative manage-
ment could be undertaken in highly selected patients
who do not exhibit signs of peritoneal contamination
or abdominal sepsis [49]. In patients with obvious
perforation, who develop abdominal pain, fever,
cardiac arrhythmias, or hemodynamic instability,
immediate surgical exploration is the management of
choice. In patients with few symptoms or with abdom-
inal symptoms but without evidence of free air, a
conservative treatment can be proposed. Endoscopic
clip application is recommended for iatrogenic perfo-
rations (Fig. 13.1); endoclips create successful
mucosal and submucosal apposition, while apposition
of the muscularis propria and serosa is not possible
because of the superficial bite of the clips. Endolu-
minal repair of colonic perforations with clips, and
further conservative treatment with no oral intake, and
intravenous broad-spectrum antibiotics, results in a
shorter length of hospitalization and lower morbidity
[55]. An alternative method to treat colonic perforation
may be endoscopic suturing using an EndoCinch
endoscope-suturing device, but experience is, at
present, very limited [49].

Hemorrhage is a rare complication of diagnostic
colonoscopy (risk 0.02%). Some authors report that
post-biopsy bleeding is too low to be deemed note-
worthy apart from the rarity of such a complication
[4,48]. Minor mucosal or submucosal bleeding may
occur as a result of manipulations within the colon, but
these events are usually self-limited. In very rare cases,
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excessive manipulation and force can cause hemoperi-
toneum. Both hot and cold biopsies have been previ-
ously associated with clinically significant bleeding,
mainly in patients with underlying inflammatory disor-
ders or changes in hemocoagulation parameters [56].

Cardiorespiratory changes are frequently observed
during routine lower endoscopy, performed with or
without sedation or analgesia. Vasovagal reactions
characterized by bradycardia and hypotension may
occur as a result of abdominal pain for looping of the
colonoscope with mesenteric stretching, excessive air
insufflation, and premedication. Although minor
cardiorespiratory complications occur frequently,
severe events are rare.

Abdominal visceral injury is a rare complication
due to excessive traction on the splenocolic ligament,
blind passage along the splenic flexure, or direct
trauma induced by the colonoscope loop. Risk factors
for splenic injury are serosal adhesion for prior surgery
and inflammatory bowel disease. Rarely, liver lacera-
tion may occur [57–65].

Acute diverticulitis and appendicitis, caused by
microscopic perforation of the colon, have been
reported as complications of diagnostic colonoscopy
[51,66,67].

We can consider failure to diagnose disease a
complication of colonoscopy. The missing of lesions
has been directly demonstrated in some studies in

which patients had consecutive back-to-back colono-
scopies [68]. Depending on the type of study and the
population studied, the colorectal cancer diagnosis rate,
3–5 years after a “clean colonoscopy”, ranges from
0.5% to 5% [69]. Multiple factors can limit the explo-
ration of colon mucosa during colonoscopy, such as
poor bowel cleansing, tortuous colon, colonic spasm,
characteristics of polyps (diameter, flat pattern), and
the number of polyps in the patient. The “miss rate” is
significantly higher for flat polyps, whatever the size of
the lesions, and in the proximal colon [70]. Even when
the examination is performed by an experienced endo-
scopist, it is generally accepted that 5–10% of mucosa
may not be visualized. Experimental methods [71] to
obtain a better view include wide-angle optics [72], cap
or hood-fitted colonoscopy [73], and the third-eye
retroscope [74]. It is very important to take enough
time to examine the colon; in 2002, the US Multi-
Society Task Force recommended that the withdrawal
time in normal colonoscopies in patients with intact
colon should average at least 6–10 min [71], as was
recently also underlined by Simmons [75].

Other rare complication of diagnostic colonoscopy
are postcolonoscopy syndrome [76] (abdominal pain
and moderate distension) due to overinsufflation of air
[77, 78], with radiographic evidence of intramural air
or free air in the peritoneum. Conservative manage-
ment is indicated.

Fig. 13.1a,b Repair of iatrogen perforation with clips; a, perforation of rectum after enema in an old patient; b, close of iatrogenic
perforation with clips

a b
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13.5 Complications of Therapeutic

Colonoscopy

Removal of polyps through biopsy with a snare or
forceps increases the risk of serious complication
nearly nine-fold compared with colonoscopy without
biopsy. Post-polypectomy bleeding is the most
common complication. Most bleeding is self-limited,
not requiring surgery or transfusions [51]. Post-
polypectomy bleeding occurs with an overall
frequency of 0.3% to 6.1% in studies where endo-
scopic polypectomies have been exclusively evaluated
[79]. Hemorrhage can occur during the procedure,
within 24 h, or delayed more than 24 h after polypec-
tomy. The first and second type occur more frequently
and can generally be resolved with endoscopic therapy
(submucosal injection of epinephrine, hemoclip or
endoloop placement, electrocoagulation, or argon
plasma coagulation (APC) used alone or in combina-
tion) (Figs. 13.2 and 13.3). Patients with the highest
risk of bleeding are those undergoing snare polypec-
tomy of a large polyp (with diameter of 20 mm or
greater), with sessile morphology, or pedunculated
with large stalks, and those of advanced age [4,79].
Other risk factors for post-polypectomy bleeding are
the endoscopist’s experience, the use of pure cutting
current, and proximal location [80]. Delayed bleeding
may be related not only to direct damage to vessels

perfusing the resected polyp, but also to disturbance in
tissue healing or vascular regeneration [81], and is
more frequent in patients with underlying coagulation
disorders or undergoing anticoagulant therapy, particu-
larly when anticoagulant therapy has been reinstituted.
Low-dose aspirin does not increase the risk of post-
polypectomy bleeding; only warfarin usage is associ-
ated with an increase bleeding rate. Definitive data on
the risk of polypectomy in patients taking newer
antiplatelet drugs (such as clopidogrel) are not yet
available, and caution is advised [80]. Although the
current American Society of Gastroenterology
(ASGE) guidelines [82] suggest that aspirin and not
steroidal anti inflammatory drugs (NSAID) do not
need to be discontinued prior to polypectomy, it would
be helpful to stop these drugs electively for 7 days
before any planned resection of large polyps or when
multiple polypectomies have to be performed, and to
keep off these drugs for 2 weeks after these procedures
[80]. Restarting anticoagulation within 72 h after a
polypectomy is associated with a five-fold increased
risk of post-polypectomy bleeding [83]. The decision
to reverse anticoagulation, thereby risking thromboem-
bolic complications, must be carefully weighed against
the increased risk of bleeding when maintaining anti-
coagulation [84]. In Fig. 13.4, a proposed approach for
patients on anticoagulation undergoing an endoscopic
procedure is described. Table 13.1 reports the ASGE

Fig. 13.2a,b Hemostatic technique with injection of epinephrine and placement of two clips; a, large peduncolated polyp in the
sigma; b, bleeding post-polipectomy stop with injection of epinephrine at the foundation of polyp and position of two clips

a b
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indications for the management of low-molecular-
weight heparin and non-aspirin antiplatelet agents for
endoscopic procedures [85].

In older patients with important comorbidity,
endoscopy offers an alternative to surgical resection
for large polyps [86]; serial endoscopic piecemeal
polypectomy may decrease the risk of bleeding and
perforation in these settings [87,88]. Endoloop, a loop
of nylon thread is tightened around the stalk, stopping
blood flow in the stalk, alone or associated with
epinephrine injection [89]; this is used as a prophy-
lactic measure to prevent post-polypectomy bleeding
for pedunculated polyps [90,91]. In a randomized
controlled trial, prophylactic clip placement did not
decrease the occurrence of delayed bleeding after
colonoscopic polypectomy [92,93]. Adjunctive
thermal modalities such as APC, heater and gold
probe, and hot biopsy forceps are used to stop post-

polypectomy bleeding. Sclerosants are no longer used
since they could increase the risk of perforation [80].

Perforation is the major complication of endoscopic
polypectomy, with a frequency ranging from 0.3% to
3.1% [94]. Causes of perforation are poor visualiza-
tion for remaining stool or blood, colonic spasm, diffi-
cult localization of polyp, and operator inexperience.
Application of excessive electric current or close prox-
imity of the polyp to the contralateral wall, or inadver-
tent catching in a snare of bowel wall may induce
transmural burning, necrosis, and subsequent perfora-
tion. Perforations from therapeutic colonoscopy are
usually smaller in size than those induced by diag-
nostic maneuvers, and abdominal contamination is at a
minimum. Furthermore, if colonic lavage is adequate
and the patient’s general condition is good, these types
of perforation could respond satisfactorily to conserva-
tive treatment. Management includes hospitalization

Fig. 13.3a-c Hemostatic technique with endoloop placement; a,
a large peduncolated polyp in large bowel; b, position of
endoloop to avoid bleeding after polypectomy; c, correct posi-
tion of endoloop after removal polyp

a

c

b
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Table 13.1 American Society of Gastroenterology guidelines for management of low-molecular-weight heparin and non-aspirin
antiplatelet agents for endoscopic procedures. Reproduced from [85], with permission from Elsevier

Management of LMWH in patients undergoing endoscopic procedures

Procedure Recommendation

High Consider discontinuation at least 8 h before procedure

Low No change in therapy
Reinstitution of LMWH should be individualized

Management of antiplatelet medication (clopidogrel or ticlopidine) in patients undergoing endoscopic procedures

Procedure Recommendation

High Consider discontinuation 7-10 h before procedure

Low No change in therapy
Patient on combination therapy (e.g., dopidogrel and aspirin) may be at an additional increased risk of bleeding.
For acute GI hemorrehage in the patient on clopidogrel or ticlopidine, the decision to transfuse platelets should be individualized,
usually weighing the risk of an acute cardiovascular even against the risk of continued bleeding.

Reinstitution of clopidogel or ticlopidine should be individualized

Procedure risk

High-risk procedures Low-risk procedures
Polypectomy Diagnostic
Biliary sphinterotomy EGD ± biopsy
Pneumatic or bougie dilation Flexible sphincterotomy ± biopsy
PEG placement Colonoscopy ± biopsy
EUS-guided FNA ERCP without endoscopic sphincterotomy
Laser ablation and coagulation Biliary/pancreatic stent without endoscopic sphincterotomy
Treatment of varices EUS without FNA

Enteroscopy

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound scan;
FNA, fine needle aspiration; LMHW, low-molecular-weight heparin; PEG, percutaneous endoscopic gastrostomy

INR

< 1,5 > 1,5

Defer until INR correctPlatelet count

> 50.000 < 50.000

Defer until platelets > 50.000Clopidogrel, ticlopidine
discontinue for 7-10 days

Optimize blood pressure
(<140/90)

Proceed with endoscopy

Fig. 13.4 Proposed approach
for patients on
anticoagulation undergoing
an endoscopic procedure.
INR, international normalized
ratio. Reproduced from [84],
with permission from
Elsevier
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for observation, and supportive measure with radiolog-
ical abdominal examination; surgical exploration is
indicated when the patient does not improve or
worsens with conservative therapy [49,50,52,55,95].
Perforations occurring during diagnostic colonoscopy
are diagnosed sooner and patients undergo operation
earlier compared with perforations arising during/after
therapeutic colonoscopy. This may be at least partly
explained by the different pathophysiological mecha-
nisms of the two types of perforation, and by the
different length of time before the perforation becomes
clinically evident [4,96].

Other specialized endoscopic techniques like APC
or laser therapy, stent placement, and dilatation have a
major risk of complication, mainly bleeding and perfo-
ration (4.1% complication for APC, 7.8% for dilata-
tion, 14% for stent placement) [94].

13.6 Prevention of Infection

Infectious complications as a result of endoscopy
involve the following situations:
• transfer of pathogens related to contaminated equip-

ment
• transient bacteremia associated with biopsy or ther-

apeutic procedures
• aspiration pneumonia for regurgitation and inhala-

tion of stomach contents
• perforation.

In particular, transient bacteremia may cause infec-
tious endocarditis; past gastrointestinal guidelines
recommended prophylaxis in patients with cardiovas-
cular disease who undergo a high-risk endoscopic
procedure. The new guidelines of the American Heart
Association in 2007 state that administration of
prophylactic antibiotics solely to prevent endocarditis
is not recommended for patients who undergo geni-
tourinary (GU) or gastrointestinal (GI) procedures,
because no published data demonstrate a conclusive
link between these procedures and development of
infectious endocarditis, or that the administration of
antimicrobial prophylaxis prevents infectious endo-
carditis in association with procedures performed on
the GI or GU tract. For patients with a prosthetic
cardiac valve, previous infectious endocarditis,
congenital heart disease, or cardiac transplantation
recipients who develop cardiac valvulopathy, or who
have an established GI or GU tract infection or sepsis,

it may be reasonable that the antibiotic regimen
includes an agent active against enterococci [97].
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Abstract Follow-up after endoscopic polypectomy should be led by the number,
size, and histopatologic characteristics of the polyps at the baseline colonoscopy. In
a patient with large sessile polyps and incomplete excision, a follow-up colonoscopy
at 2–6 months is suggested. After curative resection of invasive carcinoma or malig-
nant polyps, intense colonoscopy follow-up at 1 year is mandatory. Patients with
high-grade dysplasia adenoma, villous histology, polyps larger than 10 mm, or more
than three polyps have an intermediate risk of advanced neoplasia, and surveillance at
3 years is recommended. Patients with 1–2 small tubular adenomas should undergo
surveillance colonoscopy at 5–10 years; in patients with negative or sporadic hyper-
plastic polyps at baseline colonoscopy, surveillance is now suggested after 10 years.

Keywords Advanced adenoma • Colonoscopic quality • Colorectal polyps • Hyper-
plastic polyps • Malignant polyps • New guidelines after polypectomy • Surveillance
colonoscopy
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14.1 Introduction

In this cost-conscious era, all economically advanced
countries are having difficulty coping with the conse-
quences of advancing technology that can increase the
overall welfare cost.

It is clear that the cost of polypectomy surveillance
is now a large part of endoscopic practice, draining
resources for screening and diagnosis. In addition,
some surveys have shown that a large proportion of
endoscopists and primary care physicians are
conducting surveillance examinations at shorter inter-
vals than recommended in guidelines [1–3].

This suggests an overuse of surveillance

colonoscopy, which constitutes approximately one-
quarter of the procedures performed in the USA [4].
Factors influencing how often surveillance
colonoscopy should be carried out after polypectomy
are patients’ fear of harboring undetected cancer, and
physicians’ fear of missing an opportunity to prevent
cancer. Moreover, Van Rijn [5] observed that the first
colonoscopy missed polyps in about 22% of patients
(2.1% >1 cm; 26% <6 mm).

Finally, the evidence provides little guidance on
optimal surveillance frequency [6].

14.2 Diagnostic Tests After

Polypectomy

Even if it is not an infallible “gold standard”,
colonoscopy should today be considered the best way
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to follow up patients after polypectomy. High quality
depends mainly on complete visualization of the entire
colonic mucosa, the ability to detect and remove
polyps safely, and timely and appropriate management
of adverse events. Individuals should be informed
about the limitations of colonoscopy, including the
very important fact that it may miss some cancers and
significant adenomas. Controlled studies have, in fact,
shown that the colonoscopy “miss rate” for large
adenomas is 6–12%, and for cancer it is about 5%
[7,8]. In addition, during the colonoscopy there is a
risk, albeit small, of complication such as perforation
or hemorrhage (following polypectomy), with subse-
quent hospitalization and, in rare circumstances, more-
serious harm. Sedation is usually used to minimize
discomfort during the examination, and thus a
companion is required to provide transportation after
the examination.

Because of its low sensitivity for adenomas
(48–73%) [9,10], air-contrast barium enema should
not be proposed in follow-up patients after polypec-
tomy, even though it is a relatively safe procedure with
a lower perforation rate when compared with
colonoscopy (1 in 25,000 versus 1 in 1000–2000) [11].

Virtual colonoscopy is a minimally invasive
imaging examination of the entire colon and rectum
taking approximatively 10 min, with no sedation or

recovery time. However, this technique has not yet
been validated in a multicenter trial (Fig. 14.1) [12].

A new modality for colonic evaluation, PillCam
colon capsule endoscopy (Fig. 14.2) has much
improved results when compared with conventional
colonoscopy, with a current “miss rate” of 25–40% for
smaller polyps [13].

14.3 Colonoscopy Follow-up Over the

Years

In the last few years the concept of colonoscopic
surveillance after polypectomy has changed.

Since adenomatous polyps are the most common
neoplastic findings discovered when colonoscopy is
performed, in the 1970s it was common practice for
colonoscopy patients to have annual follow-up surveil-
lance examinations to detect additional new adenomas
and/or missed synchronous adenomas. The National
Polyps Study report in 1993 and The Funnen Adenoma
Follow-up Study in 1995 showed clearly, in a random-
ized design, that the first post-polypectomy examina-
tion could be deferred for 3 years [14,15]. In 2003 these
guidelines were updated, and colonoscopy was recom-
mended as the only follow-up examination. Stratifica-
tion at baseline into low risk (1–2 small adenomas

Fig. 14.1 Virtual coloscopy: small polyp Fig. 14.2 PillCam colon capsule: adenoma
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<10 mm) and higher risk (>3 small adenomas or
advanced adenomas) for subsequent adenomas was
suggested [4].

14.4 Factors Influencing Colonoscopic

Quality

The most recent guidelines for surveillance intervals
after polypectomy need to clarify the key questions,
i.e. whether baseline colonoscopic findings can predict
recurrent advanced neoplasia. It has been shown that
the first screening colonoscopy and polypectomy
produces the greatest effects on reducing the incidence
of colorectal cancer in patients with adenomatous
polyps [16].

The two main factors influencing high quality at
baseline colonoscopy are excellent patient preparation
[17] and adequate withdrawal time. When the with-
drawal time is less than 6 min, the polyp detection rate
decreases from 28% to 11.8%, and the advanced
neoplasia detection rate from 6.4% to 2.6% [18].

14.5 Advanced Adenoma

The current definition of advanced adenoma includes
adenomas with high-grade dysplasia (Fig. 14.3),
villous histopathology (Fig. 14.4), size >10 mm, or
>3 tubular adenomas at index colonoscopy.

The relative risk of incidence of advanced
adenomas at 3-year colonoscopy is 2.52 (95% confi-
dence interval (CI) 1.07–5.97) for patients with
≥3 adenomas at index colonoscopy.

The relative risk for patients with high-grade
dysplasia is 1.84 (95% CI 1.06–3.19) [19].

14.6 Malignant Colorectal Polyps

Invasive carcinoma may be found in approximately
2–4% of colonic polyps removed endoscopically
(Fig. 14.5). Polypectomy may be curative in selected,
superficially invasive colon cancer [20].

A malignant polyp is defined as one containing
invasive carcinoma penetrating trough the muscularis
mucosa into the submucosa. In this case close collabo-

Fig. 14.3 Tubular adenoma with high-grade dysplasia

Fig. 14.4 Villous adenoma

Fig. 14.5 Tubular adenoma with invasive carcinoma
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ration between pathologist and surgeon is necessary.
In all cases of large polyps in younger patients (<50
years), surgical treatment should be considered
because the risk of local lymph node metastasis is very
high [21].

14.7 Hyperplastic Polyps

Although there is some controversy regarding the clin-
ical significance of hyperplastic polyps (Fig. 14.6), they
do not appear to increase the risk of proximal neoplasia
or proximal advanced neoplasia in asymptomatic indi-
viduals undergoing screening [22]. However, patients
with hyperplasic polyposis syndrome may have an
increased risk of colorectal cancer [23].

14.8 The New Guidelines for

Colonoscopic Follow-up After

Polypectomy

After the detection and removal of colonic polyps,
surveillance using colonoscopy can detect new polyps,

even if it is evident that most patients with adenomas
will not benefit from surveillance. It is known that
30–50% of adults will develop colon adenomas during
their lifetime, but only 6% will develop colorectal
cancer [4].

Recently, two major articles were published about
this problem. Lieberman and colleagues [24] reported
the 5.5-year risk for advanced neoplasia in a cohort of
1171 veterans who underwent screening colonoscopy.
The risk was 2.4% when no baseline adenomas were
detected, 4.6% in those with one or two small tubular
(<10 mm) adenomas, 11.9% in those with three or
more small tubular (<10 mm) adenomas, 15.5% in
those with one large tubular adenoma (>10 mm), and
16–17% in those with villous adenomas or high-grade
dysplasia.

Laiyemo and colleagues [25] used data from the
Polyps Prevention Trial to asses the clinical utility of
the recommended surveillance intervals. Among the
entire cohort of 1905 patients, the overall risk for an
advanced adenoma of 4 years was 6%. Among the 715
patients with baseline high-risk adenomas (1 advanced
adenoma or >3 adenomas of any size), the 4-year risk
for an advanced adenoma was 9%. The remaining
1190 patients had a 5% risk. The 4-year risk for
advanced adenomas was higher for people with an
advanced adenoma at baseline (9% versus 5%), a
villous polyp (12% versus 5%), a large adenoma (8%
versus 6%), or a high-grade dysplastic polyp (10%
versus 6% low-grade dysplasia). All the differences
were statistically significant. Moreover, this study
shows two interesting predictors of advanced
adenoma. Firstly, patients with proximal adenomas
had a higher risk than those with distal adenoma (9%
versus 5%). Patients with two non-advanced adenomas
were at higher risk (9%) if at least one was proximal,
compared with a single adenoma anywhere, or two
distal adenomas. Secondly, patients with three or more
non-advanced adenomas had the same 6% risk of
advanced adenoma as the entire cohort.

Although the advanced adenoma is the driver of a
polyp surveillance policy, far too little is known about
its natural history. In a longitudinal study in 226
patients with large polyps, followed by serial barium
enemas, the rate of progression to cancer was about
1% per year [26].

In the study of Laiyemo and colleagues [25], a
villous polyp at baseline was the only independent
endoscopic predictor of recurrence, and villous polyps

Fig. 14.6 Hyperplastic polyp
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are more likely to express mutations of both ki-ras and
p53, the two mutation involved in the adenoma-to-
carcinoma sequence [27]. This suggests that we will
need to consider other predictors than the baseline
colonoscopy to identify a large subgroup with a less
than 1–2% probability of recurrence of advanced
adenoma [5].

Another major problem of follow-up after polypec-
tomy is the compliance of the patients. In a study
conducted by Siddiqui and colleagues [28], the compli-
ance rate was significantly associated with previous
colonoscopy, previous polyps (size, numbers), and
asymptomatic status. Independent predictors for
follow-up colonoscopy at multivariate analysis were
statin use, first-degree relatives with colon cancer, and
compliance with outpatient clinic follow-up.

It is known, moreover, that the compliance with
follow-up colonoscopy may affect the estimates of
reduction in colorectal cancer incidence as demon-
strated by the National Polyp Study. In this study the

compliance was 80%, although the real compliance
rate for follow-up colonoscopy in the general popula-
tion is unknown [29].

Table 14.1 summarizes the guidelines for follow-up
after polypectomy [30,31]. In patients with sessile
adenomas removed piecemeal (Fig. 14.7), subsequent
surveillance needs to be individualized based on the
endoscopist’s judgement. Completeness of removal
should be based on both endoscopist and pathologist
assessement. In patients with more than ten adenomas
(Fig. 14.8) on a single examination, the possibility of
an underlying familial syndrome should be consid-
ered, and colonoscopy can be proposed for first-
degree relatives. In patients with between three and
ten adenomas, or one adenoma >10 mm (Fig. 14.9), or
any adenoma with villous features (Fig. 14.4), or high-
grade dysplasia (Fig. 14.3), all adenomas must be
completely removed. If the follow-up colonoscopy is
normal, the interval for subsequent examination
should be 5 years.

Fig. 14.7 Sessile adenoma Fig. 14.8 Several polyps (familial polyposis syndrome)

Table 14.1 Follow-up after colonoscopy polypectomy

Baseline colonoscopy Follow-up

Large sessile polyp with incomplete excision 2–6 months
Malignant polyp (or colon cancer) 1 year curative (then 3 years and 5 years if results normal)
Advanced neoplasia (high-grade dysplasia, villous histology, 3 years
size >10 mm), or 3–10 tubular adenomas

Small tubular adenoma (≤2, <10 mm) 5–10 years
Hyperplastic polyp (sporadic) or negative surveillance polyp 10 years
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Finally, in the patients with one or two small tubular
adenomas with low-grade dysplasia, the precise time
interval for follow-up should be based on other clinical
factors (such as prior colonoscopy findings, family
history, preferences of the patient, and judgment of the
physician). Moreover, colonoscopy in patients under-
going curative resection for colon or rectal cancer at 1
year is suggested in addition to perioperative
colonoscopy for synchronous tumors. If the examina-
tion after 1 year is normal, then the interval before the
next examination should be 3 years. If that
colonoscopy is normal, then the interval before the
subsequent examination should be 5 years.

14.9 Conclusion

The aim of colonoscopy guidelines should be to iden-
tify individuals at higher risk, and target them for
surveillance, similar to the risk-prediction recommen-
dations for other disease (e.g. cardiovascular).

Patients who have invasive carcinoma, or malignant
polyps detected at baseline colonoscopy, need inten-
sive follow-up after curative resection to establish that
all important lesions were discovered at baseline and
completely removed, and that they do not develop new
significant pathology after a short time.

The new guidelines suggest that repeating

colonoscopy is recommended within 1 year if cancer is
detected at baseline, even if a complete examination
was performed at the time of resection. Patients with
adenomas with high-grade dysplasia, villous histology,
size >10 mm, or >3 tubular adenomas have an interme-
diate risk of advanced neoplasia during surveillance.
In these patients, surveillance at 3 years is suggested if
the initial examination was complete and adequate.
Patients with one or two small adenomas (<10 mm)
have a lower risk of advanced neoplasia within
5 years. Surveillance is now recommended at 5–10
years in this group.

In patients with negative or sporadic hyperplasic
polyps at baseline colonoscopy, surveillance is now
recommended at 10 years.

Finally, because it is very likely that important
lesions are missed or incompletely removed at the
baseline colonoscopy and then discovered during
surveillance, this may represent an important limita-
tion of optical colonoscopy as it is currently
performed.

Future advances in optics or the use of chromoen-
doscopy may enhance the ability to identify neoplasia
on the first examination, although it is yet to be proven
that this improves clinical outcomes.
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Abstract Familial adenomatous polyposis (FAP) is caused by a mutation of APC
gene. The use of prophylactic surgery has significantly changed patients’ destiny,
avoiding the development of colorectal cancer. It is now clear that the different
patterns of FAP are based on different APC mutations. For this reason, it is important
to offer a tailored approach, where the type of operation and the timing is based on
aggressiveness of the disease and the risk of other manifestations such as desmoid
tumors. Furthermore, it is also important to take into account the wishes and expecta-
tions of these patients. For example, we are increasingly coming across asymptomatic
young women with FAP who want to have children and who are worried about the
consequences of surgery for pregnancy. The decision process is not always easy,
especially since there is often not a unique right answer. The final choice should
often be taken by the patients, guided but not forced by the surgeon.
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15.1 Introduction

Familial adenomatous polyposis (FAP) is an auto-
somal dominant disease characterized by the develop-
ment of hundreds of adenomatous polyps distributed
throughout the colon and rectum, and various extra-
colonic lesions such as upper gastrointestinal tract
polyps (gastric, duodenal, periampullary), desmoids,
and retinal lesions [1,2]. FAP is based on mutations in
the APC gene (on chromosome 5), which encodes a
protein involved in the regulation of intracellular
signal transmission, and whose alteration causes a

constant activation and transcription of growth factors
[3]. The number of colorectal polyps varies from a
minimum of 100 (necessary for diagnosis) up to more
than 7000, with the onset of disease in the second and
third decade of life (although cases of onset in children
or in 60-year-old individuals are reported) [3]. This
pattern of disease implies that people affected by FAP
are at 100% risk of developing colorectal cancer
within the third and fourth decade of life [1]. Therefore
nowadays, the optimal management of this disease
consists of a “prophylactic colectomy” to be
performed in asymptomatic carriers in order to avoid
the development of cancer.

The ideal intervention for such an aim should have
the following characteristics: preserving fecal conti-
nence, sparing the pelvic innervation to the sexual
organs, and eliminating the risk of cancer, while mini-
mizing postoperative morbidity and mortality [4].

G.G. Delaini, T. Skřička, G. Colucci (eds.), Intestinal Polyps and Polyposis, 169
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15.2 Surgical Options

There are three main surgical options in people
affected by FAP: proctocolectomy with ileal pouch-
anal anastomosis (the so called restorative procto-
colectomy) (IPAA), total colectomy with ileorectal
anastomosis (IRA), and proctocolectomy with defini-
tive terminal ileostomy [5].

Restorative proctocolectomy with ileal pouch anal
anastomosis was introduced at the beginning of the
1980s, and today is considered as the gold standard
procedure for FAP.

Since every epithelial cell in the colorectal mucosa
is affected by the APC mutation, the aim of surgery
should be the complete removal of the tissue at risk for
cancer [6]. IPAA fulfils this requirement as it removes
all the diseased colorectal mucosa, and at the same
time provides an acceptable quality of life by avoiding
ileostomy [7,8].

The concept of restoring bowel continuity after
proctocolectomy in order to avoid a permanent
ileostomy and retain fecal continence is quite old.
Since the beginning of the 20th century, many authors
have tried to achieve such an aim through different
types of intervention, but often without acceptable
functional results. Between the end of the 1970s and
the beginning of the 1980s, several authors published
quite large series of patients affected by ulcerative
colitis or FAP and undergoing restorative proctocolec-
tomy with good functional results [9–12]. The idea of
“building” a reservoir in order to collect and dehydrate
the stool and to reduce the defecation frequency was
introduced in 1950 by Champeau who first performed
an ileal reservoir [10,11,13–15]. Since then, different
shapes of ileal reservoirs have been considered: J, S,
W, U, and H shape. Nowadays the most common type
of reservoir combining good functional results, a rela-
tively easily performed technique, and a low rate of
long-term complications is the J-shaped pouch, which
was first described by Utsonomiya [6,16].

The first cases of restorative proctocolectomy
consisted of a hand-sewn ileal pouch-anal anastomosis
performed with a perineal approach at the level of the
dentate line. Before performing the suture, an endoanal
mucosectomy was carried out in order to completely
eliminate the pathological epithelium; this approach
theoretically reduces to a minimum the risk of
adenoma recurrence. At the same time, it is quite a
complex technique, requiring a long procedure and an

experienced surgeon. In addition, some authors experi-
enced that the use of anal retractors, which is neces-
sary to perform the endoanal mucosectomy and the
hand-sewn anastomosis, increases the rate of fecal
incontinence, especially night soiling [17,18].

Double-stapled ileal pouch anal anastomosis does
not require previous mucosectomy, and appears to be
easier to perform from the technical point of view.
That is why this technique, which has been introduced
more recently, has widely diffused to all centers and is
chosen by the majority of surgeons [19,20]. Nowadays
a matter of discussion is whether to choose the hand-
sewn anastomosis or double-stapled technique. The
former requires surgical experience and an extended
surgical time but grants an excellent result from the
pathological point of view, while the latter technique is
simpler, faster, and executable by most surgeons in a
reasonably short time, but is not “complete” in patho-
logical epithelium removal as a 1.5–2 cm cuff of
rectal mucosa remains in place [21–24]. Van
Duijvendijk et al [24] compared two series of patients
who underwent IPAA with mucosectomy and hand-
sewn anastomosis versus a double-stapled anastomosis
without mucosectomy respectively; according to their
observations 31% of patients of the second group
developed adenomas in the site of anastomosis within
7 years versus 10% of those in the first group.

15.3 Ileostomy

The IPAA procedure originally also included a tempo-
rary loop ileostomy in order to prevent septic compli-
cations linked to the anastomosis leakage
[6,16,23,25–28]. Another advantage of ileostomy is
the diversion of fecal transit in the immediate postop-
erative period when a transient incontinence can be
present, due to both sphincter distress and the liquid
consistency of stool. Metcalf et al, in 1986, first tried
to omit the ileostomy in a group of selected patients
and reported good results in term of complications
after one-time IPAA [29]. These results were
confirmed by other studies, which reported almost the
same rate of septic complications in patients under-
going a one-step procedure (without diverting
ileostomy) or a two-step procedure [30–34]; apart
from this study, only one prospective randomized
study showing these results has been performed, by
Grobler et al [35], so that at present the construction of
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a temporary ileostomy is usually performed except for
selected patients who are considered at low risk of
anastomotic complications. The selection of patients
who can avoid ileostomy is based on their general
health status (including age, co-morbidity, surgical
history, and nutrition status) and on surgical technical
aspects (how adequately vascularized and without
tension the anastomosis is at the end of the interven-
tion) [30,31,33,34,36–38]. In particular, this latter
aspect is a basic one: lack of tension on the anasto-
mosis is the main element to consider for avoiding
ileostomy [30]. Mesentery-lengthening techniques
have been suggested by many authors in order to
reduce the tension on the pouch-anal anastomosis
[39–41]. In patients undergoing IPAA for FAP, the
ileostomy could be theoretically avoided in most
cases, since these are usually young and otherwise
healthy patients with a good performance status and
without inflammatory complications in the site of
intervention [42,43].

IPAA should be performed in every patient affected
by FAP, particularly those with more than 20 rectal
polyps or more than 1000 colonic polyps, those with
an adenocarcinoma anywhere in the colon or rectum,
and those with large rectal (more than 3 cm) or severe
dysplastic rectal adenomas [5,7,43–45].

Subtotal colectomy with ileorectal anastomosis is a
simple and less complicated procedure with a rapid
postoperative recovery and good functional results [5].

Before the early 1980s, when the IPAA procedure
was not yet introduced and the choice was between
subtotal colectomy with IRA and proctocolectomy
with definitive ileostomy, the IRA option was often
performed in order to avoid a mutilating operation
with a permanent ileostomy resulting in a low quality
of life in young people [2]. Since restorative procto-
colectomy has been introduced and has widely spread
to many centers, the indications for IRA have become
more limited. IRA is a reasonable option in patients
with fewer than 20 rectal adenomas or fewer than 1000
colonic adenomas, in attenuated FAP [43,45], and in
young women before pregnancy [6,46]. According to
some authors, it grants a better postoperative quality of
life than proctocolectomy with IPAA, but on the other
hand it does not completely eliminate the risk for rectal
cancer since it does not completely remove the patho-
logical epithelium.

When a rectal stump is left in place (IRA), a strict
follow-up is mandatory. The risk of dying from rectal

cancer after IRA is 12.5% by age 65 years; when
compared with IRA, IPAA would increase life
expectancy by 1.8 years [1]. The patients must be
informed in detail about the importance of follow-up
after IRA, and only compliant individuals can be
candidates for the intervention. Vasen et al showed
that 75% of patients with previous IRA who developed
a cancer on the rectal stump had a negative rectoscopy
within 12 months before the diagnosis [1]. Nugent and
Phillips suggest a follow-up with rectoscopy and biop-
sies every 4–6 months [44,47–50]. If a high-grade
dysplastic adenoma or a carcinoma is found at endo-
scopic follow-up, or a large number of polyps without
the possibility of complete endoscopic removal is
found, conversion to IPAA is necessary. On the other
hand, if a low rectal cancer is found at follow-up after
IRA, the abdominoperineal resection must be
performed with sphincter excision.

Conversion from IRA to IPAA is not always
possible because of technical problems: if desmoids
are present or the mesentery is short, it may not be
possible to perform the procedure.

As the risk for developing desmoids increases at
every intervention the patient undergoes, the proba-
bility of finding a desmoid tumor is higher when proc-
tectomy and ileal pouch-anal anastomosis is performed
as the second step of surgical treatment in a patient
who has previously undergone IRA. Mutation within
codons 1445–1580 is connected to a higher risk of the
development of desmoids after surgery [51], and this
must be considered when there is a choice between
IRA and IPAA.

Patients who may be eligible for IRA as the first
intervention must be informed not only about the strict
follow-up they must undergo, but also about the fact
that IPAA as a second-step intervention can be more
difficult to perform from a technical point of view.
Aside from this, it can be attributed to a higher rate of
complications, in particular short-term complications
such as wound infection.

Nowadays proctocolectomy with definitive
ileostomy is rarely performed as the procedure of
choice. It was the definitive surgical treatment before
the introduction of IPAA, but is now only reserved for
when cancer in the lower third of the rectum is found
at the first intervention, whenever a rectal cancer arises
after the IPAA procedure, or when IPAA demolition is
required [5]. Definitive ileostomy is also necessary
whenever the anatomical conditions do not permit use
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of the ileum to build a pouch, for example due to short-
ness of the mesentery.

It is difficult for patients to accept this procedure
because they are usually young and asymptomatic
[5,52].

A valid alternative to conventional definitive
ileostomy in selected patients is the continent
ileostomy, or Kock continent ileostomy, which offers
the comfort of avoiding an external appliance but can
be attributed to a high rate of re-operation [53].

15.4 Genetics and Familial Adenomatous

Polyposis

Surgical options for FAP should be based not only on
clinical criteria but also on the genetic aspects [54]. In
fact, the kind of APC mutation determines the synthesis
of different types of altered protein associated with
different patterns of disease; this fact should be consid-
ered in making a decision about the kind of intervention
to perform [44]. FAP severity is defined according to
the number of polyps in the colon: if fewer than 1000
polyps are found, FAP is called mild or attenuated FAP
(aFAP), if more than 1000 polyps are present at
colonoscopy, the disease is considered severe [55].

Many authors [6,43,50,56,57] have found that APC
germline mutations between codons 1250 and 1465 are
associated with severe disease; in particular, Wu et al
[55] observed that mutations in codons 1309 and 1328
in exon 15G always cause a severe polyposis pheno-
type with thousands of adenomas. APC mutations
occurring in the 5' end of the gene (in particular exons 3
and 4) are associated with the attenuated form of FAP,
which is characterized by fewer polyps and a later onset
of cancer [6,7,58,59]. In attenuated FAP, a higher rate
of right-sided polyps rather than rectal polyps has been
observed [60]. Total colectomy with ileorectal anasto-
mosis appears to be the appropriate treatment for
people affected by the attenuated phenotype of disease
[8,58,60–62]. To date, a matter of discussion is whether
to perform a colectomy with IRA or a restorative proc-
tocolectomy, in patients carrying a mutation related to a
potentially severe genotype with high risk of rectal
cancer development, but without important rectal
involvement at the time of surgery [2].

There is no doubt that people with severe rectal
involvement (more than 20 adenomas) or colonic
involvement (more than 1000 adenomas), those with a

severe dysplastic rectal polyp, or a cancer anywhere in
the large bowel or a large (more than 3 cm) rectal
adenoma, should have a primary restorative procto-
colectomy [43,45,63,64].

15.5 Fertility, Pregnancy, and Delivery

Patients with FAP are usually young and childless at
the time of operation [65,66]. The majority of reports
about fertility after IPAA are related to women affected
by ulcerative colitis; studies about fertility and FAP are
still rare and inconclusive [66,67]. Olsen et al report a
decrease in fertility rate (54%) after IPAA [65]. Gorgun
et al studied 300 women, 206 of whom were attempting
to conceive, and observed a 38% failure rate before the
operation, rising to 56% after the intervention [68]. The
reason for the decrease in fertility rate could be related
to the effect of the surgical procedure on pelvic
anatomy. According to this hypothesis, Oresland et al
used a postoperative hysterosalpingography and
discovered unilateral (43%) and bilateral (10%) occlu-
sion of the fallopian tubes, and adhesion of the tubes to
the pelvis (48%) [69]. The desire for future pregnancy
and the postoperative decrease of fertility rate are two
basic aspects to consider before surgery. Patients
should be informed in detail about this problem, and
the best timing of surgical procedure should be
discussed and decided together with the patient.

All published studies have observed that restorative
proctocolectomy with IPAA is compatible with a safe
pregnancy and normal vaginal delivery [70–76].

Many authors have noted an increase in stool
frequency during the third trimester of pregnancy,
persisting for about three months after delivery
[70–74,77,78].

With regard to vaginal delivery, the risk for sphinc-
teric injury should be considered, particularly if an
episiotomy is performed [73].

Vaginal delivery should be avoided in patients with
a scarred and non-compliant perineum; otherwise, the
method of delivery should be dictated by obstetric
considerations [74,79,80].

15.6 Urinary Dysfunction

Many authors suggest that urinary and sexual dysfunc-
tion are technique dependent. There are two different
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techniques for proctectomy: the “close rectal wall”
dissection and the “total mesorectal excision” (TME).
The first intervention consists of a dissection as close
as possible to the rectum, while the second one is
carried out in the anatomical plane between the
mesorectum and the presacral fascia.

The St-Antoine’s group has used the first approach
and reported a 1.7% rate of transient postoperative
dysuria and urinary retention, 0.6% transient impo-
tence, and 0% retrograde ejaculation [16]. Kartheuser
et al have also achieved good functional results by
using the “close rectal wall technique” [81]; so it
seems that urinary and sexual problems can be reduced
to a minimum by choosing the first technique of
dissection [6,16,81].

TME dissection must be used in cases of rectal
cancer or high-grade dysplasia; in all these cases the
rate of urinary and sexual disturbance is higher by 10%
or more [75,82,83].

Colwell and Grey found a rate of 0.5–1.5% for erec-
tile dysfunction and 3–4% for ejaculatory dysfunction
in males who had undergone a TME dissection; this
was probably due to denervation of the pelvic plexus
[84].

Regarding women, the same authors noted a post-
operative dyspareunia rate of 3–22%.

The cause of this dysfunction is injury to the auto-
nomic nerves and also the removal of the rectum,
which changes the pelvic anatomy [75,84,85]. In fact,
Metcalf et al found that dyspareunia is worse in
patients with proctectomy and terminal ileostomy than
in patients with an ileal pouch filling the space poste-
rior to the vagina [85]. In addition, sexual relations are
also inhibited by the fear of stool leakage [84].

Cornish et al, in a systematic review, evidenced
many different causes for sexual dysfunction after ileal
pouch anal anastomosis: dyspareunia, vaginal dryness,
pain interfering with sexual pleasure, and fear of stool
leakage.

According to many studies [16,86–91], the
frequency of these problems should decrease as
surgical experience and standardisation of the IPAA
procedure improve.

15.7 Extracolonic Manifestation

FAP is characterized by an increased risk of devel-
oping desmoid tumors and small bowel tumors. In

particular, neoplastic lesions can arise in the stomach,
in the duodenum, in the ampullary and biliary area,
and in the ileum, with particular emphasis on the ileal
pouch itself and the ileostomy (when a permanent one
has been performed) [3].

Almost 50% of people affected by FAP develop
gastric polyps: about 40% of patients show fundic
gland polyps (FGPs), while adenomas are less
common with a 5% incidence [92,93]. FGPs are the
most common sporadic gastric lesions, whose devel-
opment seems to be related to the use of proton pump
inhibitors (PPIs) and prolonged exposure to bilirubin
[92,94]. FGPs in patients affected by FAP have the
same histopathological appearance as sporadic FGPs,
but a higher rate of dysplasia of every grade (up to
40% of FGPs in FAP patients show dysplastic aspects
versus 3% among sporadic ones) [95–97]. Gastric
adenomas usually develop on atrophic gastritis epithe-
lium and may also be found in microscopic specimens
of macroscopically normal mucosa [95,98]. Although
gastric polyps are quite common in FAP patients, the
incidence of severe dysplasia is very low (less than 6%
in different series) [95,99], and cases of gastric adeno-
carcinoma arising on polyps are rare.

Duodenal and periampullary dysplasia is very
common among patients affected by FAP. A study by
Spigelman et al [99] on 102 FAP patients undergoing
endoscopic surveillance reported a 92% incidence of
duodenal dysplasia, and a 74% incidence of peri-
ampullary dysplastic biopsies. Of these cases, only 5%
develop malignancies [100,101]. As the progression of
duodenal polyps is not yet clear, a scoring system has
been proposed by Spigelman to classify the extent of
duodenal involvement and the subsequent manage-
ment in terms of surveillance and/or treatment. This
score cannot be applied to ampullary disease.

According to Kashiwagi and Spigelman, endo-
scopic surveillance on the upper gastrointestinal tract
should be started at age 25 years. The endoscopic
removal of polyps can be performed with Nd-YAG
laser, argon plasma coagulation, and photodynamic
therapy [102]. Pharmacological therapy can be
performed with sulindac and celecoxib, which have
shown a regression of duodenal and periampullary
polyps [103–105].

Surgical procedures must be considered as the last
option in patients with Spigelman stage IV. Open
polypectomy through duodenotomy can be considered
as the less-invasive surgical procedure. Pylorus-
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preserving pancreaticoduodencectomy and Whipple’s
procedures are usually reserved to deal with invasive
neoplasms or whenever a definitive treatment for
duodenal, periampullary, and ampullary disease is
pursued. These surgical procedures have a high rate of
complications, so the indication must be based on an
accurate clinical evaluation.

Ampullary adenomas are quite common in FAP
patients, with an incidence from 28% to 50% in
different series [106,107]. Ampullary lesions can be
symptomatic, with bile or pancreatic obstruction
features, and can become malignant [106,108,109]. In
fact, the risk for malignant transformation is not so
high (lower than the rate of duodenal polyp progres-
sion to malignancy), and most ampullary adenomas
have been found to remain benign over long-term
follow-up [106,109,110]. Ampullary lesions can be
treated by endoscopic ampullectomy when benign;
malignant forms must be treated with surgical ampul-
lectomy when severe dysplasia or focal areas of carci-
noma develop, and the ampullectomy can be
performed with a free-from-disease section margin or
with pancreaticoduodenectomy when an infiltrating
form is found.

Jejunal and ileal polyps in FAP patients are quite
rare, and only found in exceptional cases where cancer
arising from them is reported. Endoscopic removal is
possible whenever these polyps are found with
ileoscopy after restorative proctocolectomy.

Individuals with proctocolectomy and definitive
ileostomy for FAP can develop inflammatory
pseudopolyps on the mucosa of their stoma.
Adenomas can also infrequently occur at this site, yet
rarely become malignant [111,112].

Endoscopic surveillance of the ileal pouch in FAP
patients who have undergone restorative proctocolec-
tomy is mandatory. First we must consider the risk of
developing adenomas and cancer in the epithelium of
the rectal “cuff”, which remains after ileal pouch-anal
double-stapled anastomosis [24,113–115]. A rate of
28–31% dysplastic polyps has been estimated in the
residual mucosa. After a hand-sewn anastomosis with
previous mucosectomy, the rate of dysplasia is lower
(10–14%) but not absent, and islets of rectal mucosa
can remain and give rise to adenomatous transition.
This is why every FAP patient must undergo endo-
scopic surveillance after IPAA, whatever technique of
anastamosis was performed [24,113].

Secondly, the ileal pouch mucosa itself can develop

adenomas; the estimated incidence of pouch polyps is
about 60% [116,117], much higher than the incidence
of ileal polyps, with a risk for dysplasia increasing
with pouch age. This suggests that the intervention can
act as a trigger towards the development of adenomas
on the pouch epithelium, and the changing mucosal
environment when a pouch is constructed with
terminal ileum can itself act as a stimulus for polyps
arising [116,118–120]. Endoscopic polypectomy can
be performed when a polyp arises in the pouch. Pouch
excision is necessary when severe dysplasia is found.

15.8 Conclusion

The treatment of patients with FAP is more complex
than a simple surgical decision. Many factors need to
be taken into account. The disease can have many
different manifestations, the implications of which can
guide us in making the right choices. Over the years,
the increasing knowledge gained about the influence
of genetics on the progression and extracolonic mani-
festation of FAP have given insight into different
surgical options available, and have also have changed
the choices available to surgeons. Of the techniques
now available, we also have an increased knowledge
of the functional outcomes of these techniques. For
example, it is now more acceptable to perform an IRA
as a first option, which can be converted into an IPAA,
if needed, with good functional results.

The successes of the outcomes are highly dependent
on the patient’s level of participation, and on their
compliance with the treatment program chosen. Patient
compliance has become an increasingly important
factor in the decision-making process, especially when
less aggressive surgical choices are made with an
increased need for a strict follow-up program. From this
we can conclude that the decision should be made by a
strict interaction between the surgeon and the patient,
considering not only the technical factors involved in
treatment but also the patient’s compliance and desires.
It is evident that more studies and data are required to
consolidate existing knowledge on this topic.
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Abstract The interest in a minimally invasive technique for familial adenomatous
polyposis (FAP) has extensively increased in the last 10 years. As shown in many
published studies, the laparoscopic approach has already been used in many patients,
with outcomes that are at least comparable to open surgery, as far as functional
results are concerned. Furthermore, it seems that laparoscopic surgery can offer less
tissue trauma, fewer postoperative complications (e.g. incisional hernias), and better
cosmetic results. Unfortunately, there is a steep learning curve for these procedures,
and the costs are higher than for open surgery. More studies are needed to clarify the
roles of these approaches in FAP patients.
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16.1 Introduction

Restorative proctocolectomy (RPC) with ileal pouch-
anal anastomosis (IPAA) has evolved as a procedure
devised to preserve the normal route of defecation and
continence function in patients who need removal of
the colon and rectum [1]. RPC with IPAA, completely
removing all diseased tissues, offers a very satisfac-
tory functional outcome, good quality of life, and high
level of acceptance by patients [2], and has become
the standard operative procedure for classic familial
adenomatous polyposis (FAP) [3–5]. Based on the
initial experiences of Ravitch and Sabinston [6], who
documented the use of a straight ileo-anal anastomosis
following proctocolecromy, Parks and Nicholls [7]

refined the procedure, adding an ileal reservoir anasto-
mosed to the dentate line, and achieved superior func-
tional results after such a modification [1,8]. Since its
introduction in clinical practice, the procedure has
undergone several technical refinements aiming to
simplify the procedure, reduce morbidity, and improve
outcome [3,8]. Of the well-known controversies
regarding the technique of rectal dissection, the hand-
sewn or stapled approach to ileo-anal anastomosis, the
use or omission of a diverting loop ileostomy [8], and,
recently, the role and possible benefits of laparoscopy,
have been added to the debate [9] .

16.2 Laparoscopy and Colorectal

Surgery

During the last decade, laparoscopic segmental colonic
resections, whether for benign or malignant disease,
have proved to be associated with some advantages to
patients, such as diminished postoperative pain,
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reduced need for narcotic use, faster recovery of intes-
tinal function, and shorter hospital stay [10,11]. More-
over, recent evidence-based experience has shown the
safety and feasibility of the laparoscopic approach to
colorectal tumors, as well as an improved long-ternm
oncologic outcome [11,12]. Following technological
innovations and implementation of experience in
laparoscopic surgery, minimally invasive approaches
have been applied to more complex colorectal proce-
dures including RPC with IPAA [13,14]. For FAP
patients, this operation is prophylactic, and a mini-
mally invasive technique has much to offer to a group
of young asymptomatic patients in a critical period of
their lives [15,16].

16.3 Laparoscopic Restorative

Proctocolectomy

Restorative proctocolectomy is a complex undertaking
with a steep learning curve, and early experiences with
laparoscopic IPAA demonstrated no advantages when
compared to standard open operation. Moreover,
laparoscopy was associated with excessively long
operative times, extended length of hospital stay, and
higher level of morbidity [13,14,17]. However, in
recent series, an earlier return of bowel activity and
shorter postoperative hospitalization favoring
laparoscopy has been observed [16,18,19]. In addition,
safety issues and surgical morbidity compared well to
the open approach [9,20–22]. To date, there are about
70 reports on laparoscopic IPAA, most case series and
case-matched studies, including mainly ulcerative
colitis (UC) rather than FAP patients, preventing a
selective analysis specifically addressed to FAP cases.
The operative steps usually involve complete laparo-
scopic mobilization of the colon, with intracorporeal
ligation of the vascular pedicles, and exteriorization of
the bowel through a Pfannenstiel incision about
7–8 cm wide [16,23]. Through the minilaparotomy,
the steps of proctectomy, pouch fashioning, and IPAA
(with or without protective ileostomy) follow as in the
open procedure (laparoscopic-assisted IPAA)
[16,19,23,24]. With the aim of shortening total opera-
tive time and making the intracorporeal dissection
easier, particularly the demanding mobilization of the
transverse colon, some surgeons advocate a hand-
assisted approach by means of an hand-port device
(hand-assisted laparoscopic IPAA) [25,26]. In addi-

tion, the hand-assisted technique would carry the
benefit of a more rapid learning curve because the
surgical maneuvers involved are more similar to the
traditional ones [26,27]. By contrast, in almost totally
laparoscopic operations, rectal dissection and ileal-
anal anastomosis construction [9,27] are carried out
through only a small peri-umbilical incision of 3–4
cm from which the bowel is delivered. This approach
is the preferred choice of those laparoscopic purists
who argue that performing a part of the procedure
through the Pfannenstiel incision could offset the
potential benefits of a truly minimally invasive surgery
[9,20,28,29].

16.3.1 Early Postoperative Results

One of the largest reported experiences in laparoscopic
RPC comes from the University of Heidelberg [9].
Fifty patients (UC 23, FAP 27) underwent a procedure
where all the steps were conducted laparoscopically,
except for a peri-umbilical incision of 4 cm for pouch
fashioning. Median operative time was 320 minutes;
complications occurred in 30% of these patients.
Median hospital stay was 12 days, and there was a
conversion rate of 8%. Ulcerative colitis was associ-
ated with a higher overall rate of complications, and
increased body mass index with higher conversion
events. The authors emphasize the reduced blood loss
(mean 200 ml) and consequent lack of requirement for
perioperative blood transfusion as a direct benefit of
the minimally invasive approach, allowing the pelvic
dissection to be carried out in a more precise and
bloodless way [9] due to the magnifying effect of the
laparoscope [16]. Agha and colleagues [26] reported
somewhat overlapping results for operative time
(median 210 minutes), conversion rate (5%), intraop-
erative blood loss (median 70 ml), complication rate
(20%), and length of hospital stay (mean 11 days),
when employing a hand-assisted technique on 20
patients (UC 18, FAP 2). A series of 14 patients
(UC 13, FAP 1) from Bristol underwent laparoscopic-
assisted restorative pouch surgery, with the pelvic
phase of the procedure being completed through the
Pfannenstiel access. In these patients, the median dura-
tion of surgery was 260 minutes, oral feeding was
resumed 2 days postoperatively, and the median length
of hospital stay was 7 days. It was reported that all
patients were fully continent in the long term, and had
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a median of four daily bowel movements. All rated
functional and cosmetic results with a high degree of
satisfaction. McNevin and colleagues [23] reported
that of 32 laparoscopic-assisted RPCs (27 IPAA, 5
Brooke ileostomy), the surgery took a mean of 197
minutes, the estimated blood loss was in the range of
200 ml, the mean stay in hospital was 4.8 days, and
4.7% of the cases were converted to open surgery. In a
small series of 10 patients (UC 6, FAP 4), Lòpez-
Rosales and colleagues were able to show further
improvement in the operative time (187 minutes),
blood loss (mean 46 ml) and days spent in the hospital
(mean 3.4), with no conversion, and a 20% complica-
tion rate [30].

16.3.2 Comparison of Laparoscopic and

Open IPA A

Marcello and colleagues [18] and Heise and colleagues
[24] carried out comparative studies on 20 and 65
laparoscopic cases respectively, with equal numbers of
patients treated conventionally. The authors agree that
the resumption of intestinal function and length of
hospitalization favor the laparoscopic group, but at the
price of longer operative time. A Mayo Clinic trial
[20] also reached the same conclusions. Heise and
colleagues [24] highlight that, if considered as a
whole, the costs (operation, hospital stay, readmission)
no longer penalize laparoscopy. In spite of theoretical
premises and favorable results evidenced in some case
series and case-matched studies [16,18,21–24,
26), data released from the only randomized trial
comparing laparoscopic hand-assisted and open
surgery for UC and FAP patients [25] failed to
substantiate all the previous findings. Maartense and
colleagues [25] comment that laparoscopic IPAA is as
safe as open procedure, but there are no clear advan-
tages in terms of morphine requirements and postoper-
ative hospital stay. Moreover, the operation takes one
hour longer and costs are about 3000 euros more than
for the open procedure. The same surgical group
extended the comparison to a homogeneous cohort of
totally laparoscopically treated patients; however, they
did not show meaningful improvements of the clinical
indicators analysed (e.g. morbidity, length of surgery,
costs, hospital stay, quality of life) [31]. The kinds of
data reported to date in the literature, most from
numerically small and non-randomized trials, prevent

objectively drawing firm and unequivocal conclusions
about the merit of laparoscopic RPC. Tan and Tjandra
[32] conducted a meta-analysis showing the superi-
ority of laparoscopy highlighted in a more rapid
gastrointestinal recovery and a 20% shorter hospital-
ization and better cosmesis. The length of surgery may
be improved in conjunction with the increasing experi-
ence of surgical teams [23,30,32]. A number of opera-
tive and postoperative parameters as well as complica-
tions related to laparoscopic or open RPC have been
scrutinized with a meta-analytical technique by Tilney
and colleagues [33]. The minimally invasive proce-
dure takes 86 minutes longer to complete, average
intracorporeal blood loss is quantifiable as 84 ml, the
overall conversion rate is below 1%, and hospitaliza-
tion is significantly shortened, but only in high-quality
studies and those reporting on more than 30 cases. No
difference in short-term adverse events compared to
open surgery emerges favoring laparoscopy. The
authors comment that the current expected benefits of
laparoscopic versus open RPC appear to be limited
[33]. Most of the patients included in this meta-
analysis were given diverting loop ileostomy, and
although the practicability and safety of one-stage
laparoscopic IPAA has been proven [19,34,35], the
topic is controversial [36]. Tilney and colleagues [33]
and Casillas and Delaney [36] indeed outline the need
for a clear and formal definition of criteria allowing a
safe omission of protective stoma during laparoscopic
RPC. For Kartheuser and colleagues [37], FAP
patients who are young, not under steroid or immuno-
suppressive treatment, and are devoid of inflammatory
anal canal modifications, are ideal candidates for one-
stage minimally invasive IPAA. Therefore, the only
reason to adopt a diverting ileostomy could be tension
at the anastomotic suture line [38].

16.3.3 Functional Results and Quality

of Life

Aside from indications, safety, and surgical results
[21], the issues concerning functional outcome and
quality of life are of the utmost significance
[20,25,33]. When examining the global physical func-
tioning, Dunker and colleagues [19] reach the conclu-
sion that after laparoscopic restorative proctocolec-
tomy, patients have fewer health-related constraints in
their performance of demanding physical activities.
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However, outcome in terms of intestinal and sexual
function and quality of life, measured by means of the
SF-36 one year postoperatively, show overlapping
results regardless of the type of surgery. A case-
matched trial from the Mayo Clinic [20] comparing
two groups of 33 patients each, laparoscopically and
conventionally operated, proved that the functional
results, at one year follow-up, were equivalent,
allowing the authors to state that intestinal function
and quality-of-life indicators are not compromised, in
the long term, by the minimally invasive technique,
and that well-selected patients may be offered this
alternative approach. Finally, in the meta-analysis by
Tilney and colleagues [33] as well, there are no statis-
tically clear differences in any of the measures of
pouch function, despite a trend towards fewer
nocturnal bowel movements benefiting patients in the
laparoscopic group.

16.3.4 Cosmetic Results and Body Image

Abdominal wall preservation and better cosmesis are
two undisputed benefits of minimally invasive tech-
niques over open laparotomy [16,19,21,33], which
meet the expectations of decreased disability and
improved body image pursued by young and asympto-
matic patients [37]. New evidence of these benefits is
substantiated by the increasing demand of laparo-
scopic RPC in referral centers with expertise in laparo-
scopic surgery [39]. Polle and colleagues [39] gave a
detailed account of these aspects by means of a body
image questionnaire and a cosmetic score specifically
devised to cover these topics. The randomized study,
with a median follow-up of 3 years, strengthens that
body image and cosmetic outcomes definitely favor
laparoscopically operated patients over those dealt
with using the open procedure; these effects are partic-
ularly meaningful in female patients. Otherwise, func-
tional results, surgical morbidity, and quality of life
overlap. Although body image and cosmesis are gener-
ally considered secondary and unconventional
outcomes in the field of gastrointestinal surgery, the
significance of these factors is highlighted in a Dutch
trial by the fact that the majority of the patients who
underwent open surgery, when confronted with the
cosmetic outcome of laparoscopic surgery, would have
chosen laparoscopy instead [39]. If it is true that accel-
erated postoperative recovery, reduced blood loss,

lower morbidity, and shorter hospitalization are the
fundamental advantages of laparoscopy [9,18,30,32),
it also must be realized that from a patient perspective
these are only temporary short-term gains, whereas,
body preservation and abdominal cosmesis may be
long-lasting benefits of the minimally invasive
approach [9,39].

16.4 Discussion and Conclusion

There are still some incontrovertible data missing
regarding the advantages of the minimally invasive
technique, which are needed to substantiate a wide-
spread adoption of laparoscopic RPC [33,36,37,40].
Laparoscopic IPAA may represent an alternative over
conventional procedures for feasibility (conversion
rate 1–8%) and surgical safety [9,16,18,20,24,25],
while operative time comes close to that of the open
approach as the experience of surgical teams is refined
[23,30,32]. A lack of randomized prospective trials
prevents the expected benefits of the minimally inva-
sive technique from being clearly revealed in compar-
ison to standard surgery [25,33,36,37]. However,
accelerated resumption of intestinal function (of about
1–2 days), reduced intraoperative blood loss (nearly
100 ml), and a 20% shortening of hospitalization have
been shown in some comparative studies, favoring
laparoscopy [18,22,24,32]. Moreover, pouch global
functioning and quality of life are not different in
comparison with conventional RPC [19,20,25,33].
Data reported in the literature do not facilitate the
choice to determine the most profitable approach [31]
between laparo-assisted [16,22], hand-assisted [26,27],
or totally laparoscopic [9,29] surgery. The need for a
diverting stoma after IPAA also remains a controver-
sial issue [33], and a formal standardization of selec-
tive criteria for one-stage laparoscopic IPAA is still
lacking [33,36]. To date, the major achievement unan-
imously ascribable to laparoscopic IPAA is its superior
cosmetic outcome [16,19,21,25,33,36]; it could be
argued that these results in themselves outweigh the
longer operating times and higher costs related to
laparoscopy [31]. In any case, Polle and colleagues
[39] gave objective proof that open IPAA has a nega-
tive impact on body image and cosmesis as compared
with minimally invasive IPAA; in addition, cosmetic
benefit seems to be a long-lasting and appealing
advantage for relatively young, fit, and motivated
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patients, particularly females. Laparoscopic access for
bowel operations significantly reduces the incidence
of ventral hernia and postoperative adhesions [41].
This, in turn, could translate into lowering the rate of
small bowel obstruction after IPAA [21,41,42], and
could positively influence fertility in young women
with FAP following IPAA [43], providing a potential
source of decreased overall morbidity [41]. Since
surgery precedes the growth of desmoid tumors in
68–83% of FAP patients [37], an assumption could be
made about whether a minimally invasive technique,
resulting in a more gentle and less traumatic manipula-
tion of tissues, could lower the risk of intra-abdominal
desmoid development [44]. The various possible bene-
fits of laparoscopic RPC over the conventional open
approach [21], although not yet fully proven on
evidence-based grounds, constitute a positive trend
with a substantial chance that they will be confirmed
by subsequent randomized trials [37,45]. To date,
laparoscopic IPAA represents an effective and prom-
ising alternative to traditional surgery for motivated
and accurately selected FAP patients [20,21,32,36].
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Abstract Options for prophylactic surgery include colectomy with ileorectal anasto-
mosis (IRA) or proctocolectomy with ileal pouch-anal anastomosis (IPAA). IRA is
generally considered to have the advantage of being less invasive, with better func-
tional outcomes than IPAA, but lifelong follow-up and the risk of rectal cancer can be
considered. However, the correct selection of patients suitable for IRA on the basis of
the number and size of rectal polyps, age of patients, and genetics can assure good
results.
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17.1 Surgical Options in Familial

Adenomatous Polyposis

It was not until the 1930s that elective prophylactic
surgery for familial adenomatous polyposis (FAP) was
introduced, but the first total colectomy with ileorectal
anastomosis (IRA) was not performed until 1948, by
O.V. Lloyd-Davis at St Mark’s Hospital, London [1].

IRA remained almost the only surgical procedure
until the 1980s, when proctocolectomy with ileal
pouch-anal anastomosis (IPAA) was introduced. Total
proctocolectomy with definitive ileostomy was (and
still is) reserved for patients with distal rectal cancer or
sphincter problems.

IRA is a relatively simple procedure, with a
mortality of less than 1% and a low rate of major
morbidity (less than 10%) [2]. It avoids temporary
ileostomy and assures functional results that are better

than IPAA. In some countries, IPAA has gradually
become the procedure of choice for FAP, since it
avoids the rectal cancer risk and the need for endo-
scopic follow-up. However, the postoperative compli-
cation rate is higher than after IRA, and the long-term
postoperative functional results are worse. A recent
meta-analysis of 12 comparative studies, including
1002 patients, confirmed these observations: bowel
frequency (weighted mean difference 1.62), night
defecation (odds ratio 6.64), and use of incontinence
pads (odds ratio 2.72) are lower in IRA than in IPAA
[3]. However, major disadvantages of IRA are the
need for continuous endoscopic follow-up, the appear-
ance and/or the progression of rectal polyps, and the
risk of cancer in the rectal stump.

In 2003, a Scandinavian study also demonstrated
that female fecundity was reduced by approximately
50% after IPAA, whereas it was unaffected after IRA
[4]. Moreover, despite the complete eradication of the
rectal mucosa, development of ileal adenomas is
becoming increasingly evident, with a prevalence that
reaches 13–70% for a median follow-up of 4–6 years
after surgery [5–7]. Also, cases of ileal pouch cancer
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have been reported [8–10]. Therefore endoscopic
follow-up is also necessary after IPAA.

In evaluating the risk of cancer in the rectal stump,
we also have to consider whether data in the literature
are referring to the pre-pouch or the pouch period. A
recent study [11] reviewed all 1247 FAP patients
submitted to IRA and regular follow-up from 1950
to 2006, and included in the national registry of
Denmark, Finland, Sweden, and the Netherland.
Rectal cancer developed in the pre-pouch period
in 10% of patients, after a median follow-up of 16
years, and in only 2% during the pouch period (mean
follow-up 7 years). Also proctectomy for all causes
(especially severe rectal polyposis) was 40% in the
pre-pouch period and only 30% in the post-pouch
period. The same authors had reported a significant
reduction in rectal cancer risk from 13% before the
introduction of IPAA to none, during the pouch
period, and a reduction of proctectomy from 32% to
2% [12]. These results suggest a better indication for
IRA in the last period in comparison with the previous
period when IRA was the only possible reconstruc-
tive procedure.

Since 1965 we have selected FAP patients for IRA
on the following criteria: absence of rectal cancer,
fewer than ten polyps (size <1 cm), in the last 10 cm
of the rectum, and compliance to a regular follow-up.
IRA was therefore chosen in 34% of patients. None of
them needed re-operation after a mean follow-up of
10 years [13]. Reviewing the patients treated with IRA
after a mean follow-up of 12 years, we observed that
all patients with fewer than ten rectal polyps at surgery
developed a very low number of polyps after IRA
(1.62 per year) [14]. A significant difference in the
number of recurrent rectal polyps and need for
polypectomies was observed in patients with more
than ten polyps, including those with diminutive
polyps. With respect to genotype, all patients with
APC mutations at codon 1309 developed carpeting
rectal polyposis requiring proctectomy. No cases of
cancer in the rectal stump have yet been observed in
these patients.

An adequate selection of patients, on the basis of
phenotype and genotype, could still allow indication
for IRA in a consistent proportion of FAP patients,
assuring them safe long-term results.

Therefore, we now focus on the fate of the rectum
after IRA, specifying the different factors that correlate
with prognosis.

17.2 The Rectal Stump after IRA

17.2.1 The Evolution of Rectal Polyps

In some patients, a spontaneous decrease or disappear-
ance of the polyps present in the rectum can be
observed after IRA. The first cases were referred by
Hubbard in 1957 [15] and by Dunphy et al [16] two
years later. The first Italian observation was in 1970 in
two patients aged 38 and 17 years, respectively [17].
The polyps regressed a few months after surgery; they
gradually became flatter and completely disappeared
within one year. This was observed in 64% of 88
patients of the Mayo Clinic [18]. The regression was
complete in 38% of these patients and partial in 26%.
The regression does not seem to be strictly correlated
to the number of rectal polyps, being equally reported
in patients with few (less than 20) or many polyps
(more than 100) before surgery. However, in these
patients, regression is rarely complete [19]. The
regression of the rectal polyps seems to be correlated
with modification of the feces after IRA, and direct
contact of the ileal feces with rectal mucosa. The role
of feces in regression of polyps could be supported by
the observation of a lower number of polyps in the
right colon (especially in the cecum), and by the fact
that the polyps start to disappear near the ileorectal
anastomosis that is in direct contact with the ileal fluid.
However, no data showed any modification in pH,
bacteria, or particular enzymes in the ileal fluid that
could explain such an observation [20].

17.2.2 Risk Factors for Polyps and

Carcinoma of the Rectal Stump

The cumulative risk reported in the literature is
extremely variable. In the Mayo Clinic experience,
cancer of the rectal stump develops in 46 out of 178
IRA patients and increases over time, being 5% after 5
years and 59% after 23 years [21]. These data seem
even more impressive, since 35 of the patients
observed in this study did not show rectal polyps at
surgery, and only 126 had a definite diagnosis of FAP.
However, in other studies, including data from
St. Mark’s Hospital [22] and from the Japanese
Register [23], the risk seems lower: 3–5% after 5
years, 5–13% after 10 years, 10–25% after 20 years
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[12,21,24], and 32% after 40 years [12]. It also
increases with age and can be estimated at 30% at 60
years of age [25].

Many factors influence such a risk:
• the number of rectal polyps: in a review from Bess

et al [21], no patients without rectal polyps at
surgery developed rectal cancer, although some of
them exhibited polyps at follow-up. However, the
total number of colorectal polyps also seems impor-
tant, so that Slors et al [26] found only three cases
of rectal cancer in 44 IRA patients with a sparse
polyposis. Other authors [23] have reported a high
risk (13%) in patients with diffuse polyposis. It is
extremely important to accurately count the exact
number of all rectal (and colonic) polyps to assess
the type of polyposis. A colonoscope with magnifi-
cation, and/or a chromoendoscope, could help to
assess the exact number, being able to identify
diminutive polyps that could cause a misleading
evaluation. Since the polyps count is performed on
individuals of different ages, one could argue that
the difference in the number of polyps might simply
reflect different patient ages, instead of different
disease phenotype. However, the number of polyps
increases only slowly from the time of clinical pres-
entation [27,28], so that the number of polyps
assessed at the time of surgery can be considered as
defined and can be used in the therapeutic decision

• the size of polyps: the risk of cancer is strictly corre-
lated to the size of polyps, being less than 2% in the
case of polyps smaller than 5 mm [29], but rising to
47% for polyps of 1 cm [30]

• age at diagnosis: in patients below 15 years, the
cancer risk is about 1%, but it rises to 23% at the
age of 26 years [31,32]. Other authors [33] also
report a correlation with age at surgery, with a
significantly higher incidence of rectal cancer in
subjects operated after 25 years of age, compared to
those operated before the age of 25 years. The mean
age of onset of rectal stump cancer is about 46–48
years [21,24,34], with a progressively increasing
risk that reaches 14–25.7% at the age of 60 years
[24,25,34]

• the length of the rectal stump: Watne et al [35]
observed rectal cancer in 28% and 14% of patients
with anastomosis above 14 cm and below 14 cm,
respectively. Similar data are reported by Iwama
and Mishima [23], who observed rectal cancer in 2
out of 62 patients with a short rectal stump (�7 cm)

compared to 27 out of 161 patients with a rectal
stump longer than 7 cm. Also, in an Italian study
[13], the incidence of cancer was 6% in cases of
ileorectal anastomosis performed at 11–15 cm from
the anal verge, and 60% in patients submitted to
ileosigmoidostomy

• the presence of colonic carcinoma at surgery: data
from the literature are not uniform – in the Mayo
Clinic experience [21], and in the data of the Italian
Register of FAP [36], rectal cancer risk is signifi-
cantly higher in patients with colonic cancer at
surgery. On the other hand, no differences were
observed in the Cleveland Clinic [18] and in the
Japanese experiences [23] between patients affected
or not by colonic cancer

• the type of mutation: patients with APC mutations
located in a region between codons 1251 and 1455
at exon 15 tend to have an aggressive form of
disease with development of polyposis, the pres-
ence of symptoms, and onset of colorectal cancer at
an early age. In particular, mutation in codon 1309
is associated with a severe form of FAP, with a
number of colonic polyps that may exceed 5000,
and early development of colorectal cancer
[34,37,38]. On the other hand, patients carrying
germline APC mutations in the 3' and 5'-ends show
a mild phenotype (AFAP).
It has recently been reported in the literature that

some cases of FAP are associated with mutations in
the base excision repair gene MYH. This gene is asso-
ciated with an AFAP with 11 to 100 colorectal polyps.
The diagnosis occurs at an older age than classic poly-
posis, and no extraintestinal manifestations are
reported. Gastroduodenal polyps are observed,
although with a lower frequency compared to the
classic FAP [39,40]. The transmission of the disease is
compatible with a recessive transmission [41,42]. At
present, MYH mutations could be involved in approxi-
mately 10–20% of AFAP cases [43–45].

17.2.3 Treatment of Rectal Polyps

If we have correctly chosen IRA, we should have no or
few small rectal polyps at surgery. It is therefore
possible to coagulate those located in the upper colon
at surgery, and to treat later those in the lower third of
the rectum. In the case of polyps that are larger than 5
mm, it is preferable to remove them preoperatively, in
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order to assess their histology and possibly modify the
surgical choice. Few authors prefer to treat rectal
polyps after IRA, because of their possible sponta-
neous regression after surgery.

Postoperative intensive follow-up is recommended.
Sigmoidoscopy is usually scheduled once a year,
although it can be altered on the basis of the number
and size of polyps and genotype. Endoscopy should be
modified with time, becoming more frequent (every
six months) after 50 years of age when the risk of
rectal stump increases.

17.3 Conclusion

IRA can be considered an appropriate surgical proce-
dure for the treatment of colonic polyposis in 30–40%
of FAP patients. Almost all the patients with an AFAP
(due to APC or MYH gene) are suitable for IRA. An
accurate endoscopic evaluation of the polyps present
in the last 10 cm of the rectum before surgery is
mandatory. IRA is indicated only in patients with
fewer than ten polyps, independent of their size. A low
side-to-end IRA anastomosis (resecting the rectum at
the peritoneal reflection and preserving only the distal
part) is desirable, since this procedure assures the same
functional result as high IRA, but with a lower risk of
rectal stump cancer.
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T. Skřička (�)
Department of Surgery, Masaryk Memorial Cancer Institute,
Brno, Czech Republic

Abstract Typical histological findings in the most frequent anorectal polyps and
polypoid lesions are demonstrated. Less frequent findings are also discussed, and
different names for the same polyp explained. Finally, high-grade dysplasia (carci-
noma in situ) is also discussed.

Keywords Anorectal polyps • Polypoid lesions • Typical pictures

Anorectal Polyps and Polypoid
Lesions
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18.1 Neoplastic Polyps

18.1.1 Adenomas

Adenomas are benign neoplastic anorectal polyps.
Their classification may also be based upon the gross
appearance: pedunculated (stalked), sessile, or flat
adenoma. It has been generally taught that tubular
adenomas are always pedunculated and that villous
adenomas are characteristically sessile. However,
tubular adenomas may be sessile and villous adenomas
may be pedunculated. The adenomas are often darker
or redder than the surrounding mucosa.

Adenomas are important clinically, because they
are premalignant lesions that have the potential for
developing into cancer. Although this chapter
describes anorectal polyps, the reader should be aware
that adenomas could, rarely, also occur in upper parts
of the gastrointestinal tract. The most common inci-
dence of adenomas is in the colon. The vast majority
of what is discussed in this chapter relates to anorectal
adenomas. Adenomas of the colon and small intestine
will also be briefly discussed.

Among asymptomatic individuals undergoing
sigmoidoscopy, the prevalence of individuals with
distal adenomas is approximately 18% [1]; for
multiple adenomas (two or more) it is 36% and 50%
respectively [2].

18.1.1.1 Tubular Adenoma

Tubular adenomas are the most common histologic
type, accounting for 60–80% of neoplastic mucosal
anorectal polypoid lesions (Fig. 18.1). The incidence
increases with age, being extremely rare in individuals
younger than 20 years. On endoscopic examination
they may appear as pedunculated lesions with a stalk,
or as sessile lesions with a broad base (Fig. 18.2).
Histologically, tubular adenomas have complex
branching glands. The likehood of a polyp being
malignant is directly related to its size.

Most tubular adenomas feature only mild dysplasia.
However, as many as 20% will demonstrate severe
atypia, carcinoma in situ, or invasive carcinoma.
Overall, only 5% of tubular adenomas are malignant
[3].

Tubular adenomas tend to be spherical, and have a
relatively smooth surface that is often divided into
what appears to be “lobules” as a result of intercom-
municating clefts in the head of the adenoma.
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In general, adenomas smaller than 1 cm are tubular
adenomas.

18.1.1.2 Villous Adenoma

Villous adenomas tend to have a papillary or shaggy-
carpet-like appearance. They usually have a “shaggy”

surface with obvious papillary fonds.
These polyps have glands arranged in elongated,

fingerlike patterns (Fig. 18.3). Most villous adenomas
contain some tubular elements. The villous pattern is
the one most commonly seen in polyps that are larger
than 20 mm, and overall is the most likely to contain
malignant foci (Fig. 18.4).

18.1.1.3 Tubulo-Villous Adenoma (Papillar

Adenoma)

These polyps contain the histologic features of both
tubular adenomas and villous adenomas. There are
both branching glandular patterns, as well as glands
arranged in long fingerlike projections. The tubulo-

Fig. 18.1 Multiple tubular adenomas in a patient with familial
adenomatous polyposis; H&E stain

Fig. 18.2 Sessile tubular adenoma with low-grade epithelial
dysplasia; H&E stain

Fig. 18.3 Long, finger-like projections with slim fibrovascular
core and low-grade dysplastic epithelia; H&E stain

Fig. 18.4 Villous adenoma with superficial carcinomatous trans-
formation (high-grade dysplasia); H&E stain



18 Anorectal Polyps and Polypoid Lesions 193

villous pattern is the most common one seen in polyps
measuring 10–20 mm. Tubulo-villous adenomas have
an intermediate likehood of being malignant.

18.1.1.4 Serrated Adenoma

Serrated adenoma is a specific type of colorectal
adenoma, first described in 1990, and typically
occuring in the sigmoid colon and rectum [4]. It
usually does not exceed 2 cm in diameter, and can be
diminutive, pedunculated, or sessile. Histologically,
serrated adenomas have the architecture of a hyper-
plastic polyp (elongated and dilated crypts with a
“saw-tooth” pattern (Fig. 18.5)); however, the lining
epithelial cells show nuclear enlargement and other
signs of dysplasia (Fig. 18.6) [5]. It is essential to
avoid misdiagnosis as a hyperplastic polyp, because
serrated adenomas have a similar frequency of high-
grade dysplasia and carcinoma as other adenomatous
polyps (risk of subsequent carcinoma is 5–6%) [6].

18.1.2 Adenoma with Carcinoma

Anorectal adenomas are precancerous lesions. The
incidence of high-grade dysplasia (carcinoma in situ)
arising in anorectal adenomas is 12.3%, whereas the
incidence of invasive cancer arising in anorectal
adenomas is about 15% [7]. The term malignant polyp
should be restricted to those adenomas (or polypoid
carcinomas) in which there is true invasive cancer. The
term invasive cancer should be used to describe only
those lesions in which cancer has invaded beyond the
muscularis mucosae into the submucosa. The
lymphatics of the anorectum are closely associated
with muscularis mucosae, and only after the cancer has
invaded into the submucosa does it have the biological
potential for metastasis. Cancer that is limited to the
mucosa has been variously termed high-grade
dysplasia, carcinoma in situ, or intramucosal adeno-
carcinoma. However, none of these entities has the
biological potential for metastases [8].

18.1.3 Polypoid Carcinoid

This usually occurs in older patients, and commonly
presents as a solitary, small nodule covered with intact
mucosa (Fig. 18.7). Tumors smaller than 2 cm have a

Fig. 18.5 Serrated adenoma: complex branching glands with a
“saw-tooth” growth pattern; H&E stain

Fig. 18.6 Serrated adenoma: detail of dysplastic epithelial cells;
H&E stain

Fig. 18.7 Small, demarcated submucosal carcinoid; covering
mucosa remains intact. Note lymphangioinvasion at the bottom
of the tumorous infiltrate; H&E stain
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very low risk of metastasis [9]. Histologically they are
circumscribed, unencapsulated, and mostly of
microacinar architecture [10]. Sertonin production is
rare, as well as carcinoid syndrome developement.

18.1.4 Mesenchymal Polyps [Lipomas,

Leiomyomas, Hemangiomas,

Lymphangiomas, Gastrointestinal

Stromal Tumors (GISTs)]

Mesenchymal tumors arising from deeper layers of the
rectal wall usually grow as small polypoid or even
pedunculated masses covered with normal mucosa.
Their histological structure is identical to respective
tumors developing in other sites.

18.1.5 Early Rectal Cancer

A macroscopic classification of early rectal cancer
(ERC) has been proposed by Kudo and resembles
that for gastric cancer [11]. ERC is defined as inva-
sive adenocarcinoma spreading into, but not beyond,
the submucosa, that is a T1 tumor in the tumor node
metastasis (TNM) classification (International Union
against Cancer (UICC)). These tumors have a smaller
chance of metastazing to local lymph nodes than
adenocarcinoma, because they invade deeper than
the submucosa and there is a paucity of lymphatics
within colorectal mucosa [12]. Neoplastic cells
confined to anorectal mucosa are correctly defined
as dysplasia or adenoma (e.g. in UK). In other coun-
tries, such as the USA or Japan, the misnomers
“intramucosal carcinoma” or “carcinoma in situ” are
used. ERC may present as a polypoid carcinoma, a
focus of malignancy within a large pedunculated or
sessile adenoma, or as a small ulcerating adenocarci-
noma.

18.1.6 Malignant Lymphomas

Bowel wall infiltration with non-Hodgkin’s lymphomas
may lead to multiple lymphomatous polyposis. Mantle
cell lymphoma can typically present with gastroin-
testinal mucosa infiltration, either with or without
lymph node involvement [13].

18.2 Non-neoplastic Polyps (Tumor-Like

Lesions)

8.2.1 Hyperplastic Polyps

Hyperplastic polyps commonly present as sessile
polyps that are less than 1 cm in size (Fig. 18.8).
Athough traditionally considered non-neoplastic, ras
mutation [14] and clonality have been demonstrated
[15]. However, they are not associated with any risk of
malignant transformation. Microscopically, crypt elon-
gation and dilatation with a serrated pattern of bland
epithelial proliferation with mucin hypersecretion is
observed. Superficial cells lack cytonuclear atypia,
which is an important feature in distinguishing serrated
adenomas [8,16].

18.2.2 Hamartomatous Polyps

18.2.2.1 Peutz–Jeghers Polyps

These hamartomatous polyps consist of a complex
mass of disorganized hyperplastic mucosal glands.
Bundles of smooth muscle arborize throughout
the polyp, dividing the glandular element into
lobules (Fig. 18.9). Dysplasia is rare. Peutz–Jeghers
syndrome, carrying an increased risk for cancer
(gastrointestinal tract and other sites) development
consists of multiple gastrointestinal Peutz–Jeghers
polyps associated with brown macules on the
skin around the mouth and eyes, and in the buccal
mucosa [17].

Fig. 18.8 Pedunculated hyperplastic polyp; H&E stain
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18.2.2.2 Juvenile Polyps (Cronkhite–Canada

Syndrome)

Sporadic juvenile polyps occur predominantly in chil-
dren and adolescents, mostly in the rectosigmoid
colon. They are typically spherical, pedunculated,
and lobulated, and on histology show an abundant
edematous stroma vith mixed inflammatory infiltrate
and cystically dilated glands containing mucin
(Fig. 18.10). Surface erosion is common. The epithe-
lial lining is either normal or exhibits mild reactive
changes [18]. Familal juvenile polyposis (multiple
juvenile polyps with no other extragastrointestinal
lesions) carries a high risk of colon cancer develope-

ment. Cronkhite–Canada syndrome is a rare non-
hereditary condition characterized by the presence of
hundreds of juvenile polyps, brown skin macules,
generalized alopecia, and atrophy of the nails, often
presenting with diarrhea, abdominal pain, and protein-
losing enteropathy [16]. The disease is commonly
severe with a fatal outcome.

18.2.3 Benign Lymphoid Polyps

Sometimes, an excessive activation of mucosal and/or
submucosal lymphoid tissue may produce macroscop-
ically visible polypoid lesions. These usually do not
exceed 15 mm, are symmetric, flat, and covered with
normal mucosa. After they have completed initiation
of antigenic stimulation, they disappear.

18.2.4 Inflammatory Polyps (Crohn’s

Disease, Ulcerative Colitis et al)

Inflammatory polyps (also pseudopolyps) consist of
epithelium that is regenerating in response to inflam-
mation (Fig. 18.11). They may arise secondary to any
inflammatory process, but are most commonly associ-
ated with idiopathic ulcerative colitis. They can also
develop secondary to an infectious process, such as
amebic colitis, chronic schistosomiasis, or bacterial
dysentery. Inflammatory polyps have no malignant
potential, but in ulcerative colitis they may coexist

Fig. 18.9 Hamartomatous Peutz–Jeghers polyp. Note the non-
dysplastic glands separated by bundles of smooth mucle cells,
radiating from the muscularis mucosae layer; H&E stain

Fig. 18.10 Juvenile polyp: cystically dilated, mucin-containing
glands, edematous stroma with imlammatory infiltrate. Superfi-
cial erosion (bottom left); H&E stain

Fig. 18.11 Inflammatory polyp: polypoid lesion consisting
mainly of granulation tissue; short stalk with normal mucosa;
H&E stain
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with areas of dysplasia or malignancy. I have person-
ally observed malignancy in Crohn’s disease, treated
nearly for 20 years by means of semi-invasive methods
(Fig. 18.12).

18.2.5 Solitary Rectal Ulcer Syndrome

(Localized Colitis Cystica Profunda)

This is a peculiar non-neoplastic condition simulating
malignancy either endoscopically or microscopically.
Most patients are healthy adults aged between 20 and
40 years. Rectal bleeding, mucus discharge, anorectal
pain, and tenesmus are the most common symptoms.
Some patients have detectable mucosal rectal prolapse,
thus the term “mucosal prolapse syndrome” has been
suggested. Endoscopically, solitary ulcer of the ante-
rior rectal wall, erythematous granular mucosa, cystic
or polypoid mass, or even villous lesion may be seen.
[19]. Histologically, there are distorted, hyperplastic
and elongated crypts with regenerative epithelial
atypia, accompanied by typical fibromuscular prolifer-
ation in the lamina propria. Inflammatory infiltrate is
usually scanty. In chronic cases, fibrosis often results
in crypt distortion and displacement downward into
the submucosa with cystic dilatation (Fig. 18.13).
These changes are analogous to those of colitis cystica
profunda. This localized form of colitis cystica
profunda (hamartomatous inverted polyp) and so-
called “inflammatory cloacogenic polyp” have been
proposed as a part of solitary rectal ulcer syndrome
[8,20].

In endoscopic biopsy specimens, the irregular
glands with reactive atypia surrounded by smooth
muscle fibers can lead to erroneous diagnosis of inva-
sive adenocarcinoma [16,21] (Fig. 18.14).
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Abstract The aim of this chapter was to evaluate minimally invasive methods to
remove anorectal polyps and polypoid lesions. It seems, that in highly selected cases
of early stages of rectal cancer, these can also be treated locally. We show wide-scale
use of non-invasive or minimally invasive methods and try to define when and how
to use them. Complications are also discussed. Last but not least, the argument for
use of these methods argument is a cost–benefit one.
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19.1 Introduction

This chapter presents the rationale for local treatment
of different kinds of polyps and small cancer of the
rectum, as well as the methods that were or are still
currently in use.

Many features of local treatment are attractive.
These include removal of the need for major resection
with its associated morbidity and mortality, including
pain and prolonged recovery time. This is extremely
important in the elderly and infirm. Major incentives
for patients include maintenance of normal anal
sphincter function, and male sexual function, and no
need for a stoma. From the cost–benefit viewpoint,
local treatment is cheaper, with a shorter hospital stay,
fast return to social life, and relatively few complica-
tions [1].

19.2 Methods of Semi-Invasive

and Surgical Therapy of Anorectal

Polyps

It is extremely rare for laparotomy or laparoscopy to
be indicated for resection of anorectal polyps.
Anorectal lesions may be excised locally, using one of
a number of transanal techniques, with the goal of
complete local excision with clear lateral and deep
margins. Preoperatively, patients undergo a standard
anorectal preparation with mechanical cleansing, Yal
or low enema is sufficient. Some polyps may be
succesfully excised in several pieces, using multiple
passes with a snare. Patients with sessile polyps that
are incompletely removed should undergo radical
resection, but it is thought that coagulation of small
amounts of residual tissue from a benign tumor is
adequate if close follow-up is anticipated.

Large polyps of the rectum can be reached mostly
transanally. Low-lying sessile lesions (within 6–8 cm
from the anal verge) may be removed using traditional
transanal excisional techniques. Various methods
have been used for treating higher lesions (8 to 15 or
20 cm), including trans-sacral or trans-sphincteric
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resection, electrocautery, repeated attempts at snare
excision, transanal excision with a urologic resecto-
scope, and transanal microscosurgery. These methods
are discssed in detail later in this chapter. Recurrence
of adenomatous polyps may be treated by further local
measures [1].

19.2.1 Direct Transanal Local Excision

The local excision of anorectal polyps is often wrongly
considered to be a minor surgical procedure. In reality,
the malignant potential of adenomas and the not-infre-
quent presence of cancer in larger polyps, require, for
their removal, an oncologically correct operation with
strict indication and accurate execution. Despite an
increasing tendency to extend the indications for endo-
scopic polypectomies to polyps of larger size and
villous configuration, the local surgical approach
remains the preferred treatment in most cases [2].

Local excision is essentially a wide excisional
biopsy. The major advantage of this method is that the
entire lesion is available for pathologic examination.
Although an occasional benign adenomatous lesion
may be removed in the submucosal plane, most are
excised through the thickness of the rectal wall. A
clear margin is critical, and 1 cm of normal tissue is
acceptable. Direct transanal excision of rectal
neoplasms may be relatively easy when removing
small, low lesions, but it may be a very technically
demanding procedure with larger, higher lesions that
are within 6–8 cm from the anal verge, that are less
than 3–4 cm in diameter, and that are limited to one, or

at most two, quadrants of rectal circumference.
Broad-based rectal polyps in the mid-rectum

frequently present a management problem because of
difficulty of access for local resection. Pai and Morgan
[3] used endoloop, and Qureshi and coworkers [4]
introduced the use of an Endo GIA instrument
(Fig. 19.1), which has originally been removed
through a rigid sigmoidoscope. The technique is very
simple. The polyp is visualized using a rigid sigmoido-
scope (we use the wider tube of transanal endoscopic
microsurgery (TEM)), and the ability to prolapse the
lesion into the lower third of rectum is assesed by the
use of a grasping forceps. The rigid sigmoidoscope is
withdrawn, and a bivalve speculum is inserted into the
anal canal. The polyp is grasped with Babcock forceps
(Fig. 19.1), and traction is applied to move the polyp to
the right side of the rectum. A Multifire Endo GIA is
introduced into the rectum and the base of the polyp is
firmly grasped. The instrument is fired and the proce-
dure repeated for the opposite side. This provides a
hemostatic excision of the rectal polyp. According
to the authors [4] as well as to our experience, this
technique is advised for broad-based rectal lesions of
8–12 cm without any complications.

A similar technique was reported by Allison and
coworkers [5] to be succesful in three patients.

Positioning a patient so that the lesion is centered in
the dependent or inferior aspect of the operative field
is very helpful. However, we prefer the jack-knife
position in all cases, where there are no contraindica-
tions from the anestetist’s point of view.

A recent publication [6] on the long-term results of
this technique (30% of the polyps were 8–12 cm from

Endo-GIA

Babcock Forceps

Fig. 19.1 Endo-GIA
instrument and Babcock
forceps. Reproduced from [4]



19 Polypectomy of Anorectal Polyps and Polypoid Lesions 201

the anal margin and 68% had a diameter larger than 4
cm) reports a recurrence rate of adenomas of 2% and
1.5% for carcinomas, with a complication rate similar
to that for the classic Parks’ approach.

Transanal local excision, when correctly performed,
therefore remains a valuable treatment for rectal
polyps of any dimension sited in the low and middle
rectum. In experienced hands the excision can be also
extended to polyps in the upper rectum.

Local excision of selected rectal tumors using the
transanal or trans-sacral approach is an acceptable
alternative to more extensive procedures such as
abdominoperineal resection (APR) or low anterior
resection (LAR). The inherent advantgages of local
excision include lower patient morbidity and mortality,
shorter hospital stay, and reduced hospital expense. The
disadvantages include the inability to accurately select
appropriate patients preoperatively who lack lymph
node metastases, a slightly increased rate of local recur-
rence, and the lack of randomized prospective studies
to compare the results of APR versus local excision for
similarly staged tumours. In a study by Hoth and
coworkers [7], the results of patients undergoing local
excision of both adenomas and rectal malignances were
reviewed to compare morbidity, mortality, and rates of
recurrence (local/distant) in the malignant group with
those of the historic controls for APR The study
showed that results after local excision are comparable
in selected cases.

19.2.2 Local Excision Using the Urologic

Resectoscope

Many reports from the UK have described the use of a
urologic resectoscope for transanal excision of large
rectal adenomas and for palliation of rectal carcinomas
[8]. This method allows treatment of lesions that are
significantly higher than the 6–8 cm reached using
standard transanal techniques. No significant anal
dilatation is required for access, minimizing sphincter
damage. The procedure is said to be simple, inexpen-
sive, and well tolerated. The technique is adapted from
those used by urologists and so may be relatively unfa-
miliar to most surgeons. A major criticism is that
pathologic evaluation is severely limited because of the
many small samples of tissue submitted. Little may be
discerned about the depth of penetration or complete-
ness of resection. This is determined grossly by the

surgeon. Thus, when cancer is discovered, it is difficult
to decide whether to observe or to pursue more aggres-
sive surgery. This method almost completely substi-
tuted now by TEM, but it could play a role in the resec-
tion of large adenomas and for palliation of some cases
of rectal cancer. It seems not to be good for curative
treatment of early rectal malignances.

19.2.3 Transanal Endoscopic

Microsurgery

An innovative and important contribution to the local
treatment of rectal polyps has been a technique
presented by Buess in 1984 and named transanal endo-
scopic microsurgery (TEM) [9]. This technique, origi-
nally presented as an alternative to the posterior
approach, uses special equipment applied through the
transanal route. I started to use it in 1996 [10]. After
initial scepticism expressed by by experienced
colorectal surgeons [11], in the last few years the tech-
nique has gained popularity such that, in specialized
centers, it is adopted extensively for the local treat-
ment of sessile polyps of the low, middle, and high
rectum (up to 20 cm from the anal margin). Undoubt-
edly the increased adoption of the technique when
extended also to palliative treatment of very advanced
cancers amplifies its advantages and contains the
disadvantages.

Advantages are:
• optimal field of vision
• more accurate dissection
• minimally invasive approach
• full-thickness excision
• excision of high polyps
• low morbidity.

Disadvantages are:
• complex and expensive instruments
• long training and learning curve.

TEM is also an adequate method for the local full-
thickness excision of large rectum polyps and pT1
“low-risk” rectal carcinomas. In 2006, Schaefer
studied prospectively the relevance of this surgical
technique concerning complete tumor excision after
R1–R2-polypectomy of malignant rectal polyps [12];
16 patients with pT1 “low-risk” rectal carcinoma and
macroscopic (R2) or microscopic (R1) incomplete
endoscopic polypectomy were locally resected by
TEM. In 12 patients (75%), no residual tumor was
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found. In the remaining four cases (25%), one
adenoma with high-grade atypia, two pT1 “low-risk”
carcinomas, and one tumor infiltration in the
mesorectal fat were diagnosed. The patient with the
mesorectal infiltration was immediately operated on
with radical resection. No further tumor cells were
found in this specimen. The median follow-up was 21
months. One patient with a pT1 “low-risk” carcinoma
developed a local recurrence and a single hepatic
metastasis in the left liver lobe after TEM. Both were
completely resected. Currently, all patients are alive,
with no evidence of tumor recurrence. TEM is a suit-
able method for the treatment of pT1 “low-risk” rectal
carcinomas after incomplete endoscopic polypectomy.
In cases of a “high-risk” tumor or deeper tumor infil-
tration (pT2 and more), radical resection must be
carried out after TEM.

19.2.4 Posterior Approaches to the

Rectum

The idea of locally removing a neoplasm in the middle
rectum from a posterior approach, with the patient
lying prone in the jack-knife position or in the left
lateral decubitus goes back a long time. Kraske (1885)
was the first to propose the excision of the coccyx and
the last sacral vertebrae to remove the rectum with the
cancer [13]. In 1970, Mason proposed incision of the
posterior sphincteric structures and levator muscle to
gain access to the middle/lower rectum for removing it
completely or for opening its posterior wall and
removing polypoid lesions. This approach is still
sometimes used [14].

In particular, the posterior approach (fequently
represented by a combination of coccygeal removal
and partial sphincteric division) seemed to be indicated
for the excision of polyps of average dimensions
(diameterer 4–5 cm) situated in the anterior wall at a
distance of 8–10 cm from the anal verge. Undoubtedly,
the visualization of the tumor obtained with such an
approach is much better than that obtained using the
transanal route. Despite this disadvantage, the role of
the posterior route has never been fully established,
even though I personally have carried out more than 40
such interventions. Certainly it is not indicated for
removal of polyps of the posterior wall or with circum-
ferential extension, due to the risk of cutting into the
tumor and implanting neoplastic cells. In the medical

literature only 360 posterior approaches have been
reported [15]. They included different lesions treated
in different ways (submucosal excision, full-thickness
excision, pararectal tube resection). It is not surprising
that the results regarding postoperative complications
and recurrences rates varied greatly between the
different experiences. Morbidity from fecal fistula
formation, which is the most common postoperative
complication, has been repoted to occur in 5–70% of
cases, and fecal incontinence in 5–25%. There is a
need for a stoma in 20–70% of patients and recurrence
of adenoma in 3–33% of the cases. This variability has
obviously created some concern about the appropriate-
ness of the posterior approach. In my own limited
experience of 13 patients with polyps of the anterior
rectal wall, I had three fecal fistulas (one permanent)
and three wound infections.

In conclusion, the posterior approach for local exci-
sion of a rectal polyp has been progressively aban-
doned and recent reports of its use are anecdotal.

However, situations are also found in the literature
where combined transanal excision of a large rectal
polyp could be assisted by trans-sacral manipulation of
the rectum [16]. It is recognized that transanal exci-
sion of rectal polyps is curative and less invasive than
trans-sacral resection of low anterior resection, but it is
difficult to resect tumors that are distant from the anal
verge. Moreover, in the case of large polyps, the risk
of complications, such as hemorrhage or perforation,
increases because exposure on the oral side of the
tumor is poor. Otsuji and colleagues have described
trans-sacral manual assistance to achieve transanal
resection of a large tubulo-villous adenoma of the
rectum that was hard to resect using the traditional
transanal approach [16]. They were not able to assess
the proximal extent of the tumor. The tumor could also
not be prolapsed because of its large size and the
distance from the anal verge to the proximal margin of
the tumor. To avoid incision or resection of the rectum
in this patient, who was at high risk for postoperative
complications, trans-sacral manual assistance was used
to achieve transanal resection.

19.2.5 Thermal Destructions and Lasers

19.2.5.1 Electrocoagulation, Fulguration

This method has been popular in the USSR, where it
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has been widely used [17]. Results of treatment in 230
patients with malignant transformation of polyps and
villous adenomas, carcinoid, and cancer of the rectum
and sigmoid have been reported [17]. Cancer patients
were not operated radically, because of their general
physical condition, or they refused stoma. In malig-
nant polyps, villous tumors, and rectal carcinoids, elec-
troexcision or electrocoagulation seemed to be an
adequate procedure. The patients had to be examined
every month during the fisrt year postoperatively, and
later once every six months. Recently, this procedure
has been limited mostly to a palliative one. Another
report has shown that the five-year survival rate among
selected patients who received electrocoagulation
therapy may be similar to that of patients who undergo
abdominoperineal resection [18]. This has led to
renewed interest in electrocoagulation and its poten-
tial curative and palliative benefit in selected patients
with rectal cancer.

It has been estimated that approximately 10–80%
of patients with rectal cancer do not benefit from a
curative surgical procedure secondary to advanced
local or regional disease, metastatic disease, or signif-
icant concurrent medical illness [19].

19.2.5.2 Laser Vaporization

Lasers have been used in a number of ways in surgery
in the past 15–20 years. They may be used to cut tissue
like a knife, they may be used to vaporize tissue, they
may be used for coagulation, or they may be used as an
exogenous energy source to activate substances in
tissue cells (photodynamic therapy). There are
different types of lasers, including carbon dioxide,
neodymium:yttrium–albuminum–garnet, argon, and
dye lasers.

In colorectal surgery, the laser offers no advantage
over conventional blades, electrocautery, scissors, or a
harmonic scalpel for cutting. Indeed, the expense and
time required would offset any but the greatest
improvements. Laser vaporization is useful in the
palliation of obstructing tumors, particularly of the
rectum and rectosigmoid junction [20]. Laser vapor-
ization may be used in the same way as electrocautery
for local destruction of rectal polyps of known origin
(previous histology) or small cancers. Recently this
method has been used less and less.

Lasers could be also used for the treatment of rectal
bleeding.

19.2.5.3 Photodynamic Therapy

Lasers may be used to stimulate compounds contained
within tissue cells. After intravenous injection, certain
sensitizing agents (e.g. porphyrin derivates) are selec-
tively retained by malignant cells. With laser light of a
specific wavelength and in the presence of oxygen,
these compounds are excited and cause cell destruc-
tion. This approach has limitations, because the
optimal laser wavelength for hematoporphyrin deriva-
tive excitation has very little tissue-penetrating capa-
bility. Effective tissue destruction is limited to about
2–3 mm in depth. Several groups are now combining
endoscopic snare excision followed by phototherapy
of the residual tissue. Treatment may need to be
repeated several times at 2-week intervals. The propo-
nents of this combined approach believe that it reduces
the number of treatments that are necessary [21].

19.2.5.4 Cryotherapy

This method is limited mostly to palliative care. As a
radical reatment it is only used ocasionally. When
there is a local recurrence of rectal cancer, in most
cases it is unresectable and incurable. Relief of symp-
toms through palliative therapy is the mainstay of
treatment. Cryosurgery is an available option that
warrants discussion. The advent of the insulated
liquid nitrogen cryoprobe in 1964 has made
cryosurgery an available resource for palliative treat-
ment of unresectable rectal cancer. In 1978, Osborne
reported results of cryosurgery in ten patients who had
rectal carcinoma with distant metastases [22]. Good
palliation without local complications was achieved
without general anesthesia. The cryotherapy tempera-
ture was set at 1-180°C, and the interventional field
included 2–3 mm of normal mucosa to ensure
adequate destruction. During this process, gross tissue
fluid and electrolyte changes occur during the
freezing process, which in turn causes protein denatu-
ration, enzyme inhibition, capillary thrombosis, and
venous stasis. Recent trials of cryosurgery are rare
and most of our current knowledge of the concept
stems from studies performed more than two decades
ago. In summary, cryotherapy is a relatively safe
means of palliation for recurrent rectal cancer,
offering effective relief of symptoms to approxi-
mately 50% of patients with rectal cancer that is not
amenable to surgical resection.
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19.3 Complications

19.3.1 Anorectal Perforation

Anorectal perforations are rare but serious complica-
tions of intestinal endoscopy. Nelson (1982) reported
only three perforations in 16,325 proctoscopic exami-
nations [23]. Colorectal perforation during barium
contrast studies occurs in approximately 0.02–0.04%
of patients, usually in the rectum above the peritoneal
reflection [24]. Other iatrogenic anorectal injuries
result mostly from surgical procedures. Their inci-
dence is unknown, because the data are rarely
published. Significant rectal trauma with rectal perfo-
ration requires surgical treatment. Most authors
believe that delayed treatment increases mortality from
8% to 20%. Major morbidity and mortality are associ-
ated with non-mechanical cleansing of the proximal
colon. Treatment involves resection of associated
disease, repair of the perforation site, rectal washout,
pelvic drainage, and diverting stoma (ileostomy or
colostomy).

19.3.2 Hemorrhage

Hemorrhage in the recovery room is the result of an
error of technique and is invariably caused by either a
missed or a slipped ligature. Occasionally, bleeding
may continue undetected, with blood accummulation
in a capacious rectum. The first sign of this complica-
tion may be pallor, tachycardia, and hypotension,
which may require resuscitation with intravenous fluid
and blood transfusion. The patient must be returned to
the operating room and the bleeding arrested with
either diathermy coagulation or suture of the bleeding
site. Historically, some have advocated methods such
as wound packing and direct pressure at the bleeding
site [25,26]. It must be remembered however, that
packing alone may provide a false sense of security
because of little evidence of external bleeding, while
progressive retrograde accummulation of blood leads
to deterioration in the patient’s condition.

19.3.3 Urinary Retention

The cause of urinary retention after anorectal polypec-
tomy is multifactorial. Postoperative pain is the chief

cause of urethral sphincter spasm. Anal packing has
been associated with the urinary retention, probably
from direct pressure on the bladder outflow track.
Spinal anesthesia, injudicious use of intravenous
fluids, and opiate analgesics could all lead to urinary
retention. Occasionally in elderly men, obstructive
uropathy may progress to acute retention of urine after
anorectal polypectomy.

19.3.4 Postoperative Pain

Pain may arise chiefly from involment of anoderm
below the dentate line, so mostly occurs after anal
polypectomy. Polypectomy higher than the dentate
line rarely causes postoperative pain.

19.4 Conclusion

In view of recent knowledge, the current trend is
toward a minimally invasive approach for anorectal
polyps and early stages of cancer. The benefits are a
shorter hospital stay, and possibly a lowered preva-
lence of complications. In addition, patients must be
informed of the possibility of recurrence and potential
complications of all procedures.
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Abstract Qualty of life (QoL) has become one of the main goals of surgery for
familial adenomatous polyposis (FAP). Patients with FAP are usually young and
asymptomatic, so the ideal surgery should combine the lowest risk of cancer with the
minimum impact to lifestyle and activity. For these reasons restorative proctocolec-
tomy (RPC) with ileo-anal pouch anastomosis (IPAA) has been the gold standard for
FAP patients in the last two decades. Many studies report good overall rates of QoL
after IPAA. Nevertheless, this surgery is complicated by functional problems, partic-
ularly in terms of high frequency of bowel movements, episodes of incontinence
(especially mild or soiling in the night time), diet limitations, and, although it usually
does not affect social and work life, IPAA can potentially lead to sexual problems;
furthermore, there is a significant decrease of fertility in women after IPAA. These
considerations lead many authors to reconsider the possibility of FAP patients under-
going ileorectal anastomosis (IRA); this surgery has better functional results and can
almost always be converted into secondary IPAA. Nevertheless, IRA necessitates a
strict follow-up that can detect but not prevent neoplastic degeneration. Moreover,
there is still not a clear superiority of IRA over IPAA in terms of QoL.

Since QoL is highly dependent on the patient’s participation and wishes, in combi-
nation with surgical outcomes and need for further follow-up, surgery must be
discussed and planned with the patients themselves.

Keywords Funtional outcome • Health-related quality of life (HRQOL) • Ileorectal
anastomosis • Pouch • Quality of life (QoL) • SF-36
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20.1 Introduction

Since patients with familial adenomatous polyposis
(FAP) are usually young and asymptomatic, one of the

main goals of surgery for polyposis must be to obtain a
quality of life (QoL) that is compatible with the
lifestyle and personality of these patients.

The surgical procedure (and eventual follow-up)
must be planned to obtain the most favorable situation
for the desires, aspirations, and activity of the patient,
while at the same time guaranteeing the lowest risk of
developing cancer.

Consequently, it is fundamental to opt not only for
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the best type of surgery, but also for the best timing.
Until about 20 years ago surgical options for FAP

were basically:
• total abdominal colectomy and ileorectal anasto-

mosis (IRA) that would permit maintenance of
almost normal bowel habits and continence, but
requiring a lifelong follow-up of the remaining
rectal mucosa

• proctocolectomy and definitive ileostomy that at
least eradicate the risk of cancer but also carry the
discomfort of an ileostomy.
At the end of the 1980s, the new technique of

restorative proctocolectomy (RPC) with ileo-anal
pouch anastomosis (IPAA) initiated a revolution in
surgical management of FAP, and soon became the
gold standard for FAP and also for ulcerative colitis
(UC). In fact this option allows for virtual eradication
of the risk of cancer, while still leaving the patient
with normal physiological continence. RPC has,
nevertheless, been shown to be complicated by a
series of functional problems and surgical complica-
tions that could potentially affect the QoL after
surgery.

When it became evident that the type of surgery for
FAP can affect patients’ QoL, as long as there was a
decrease in mortality and morbidity, many authors
began to analyze the results of the different surgical
procedures using the indicator of health-related quality
of life (HRQOL). Studies reported in the literature
about QOL after IPAA (and comparing IPAA with
others types of interventions) have multiplied in the
last decade. Actually, few studies concerning only
FAP patients have used standardized and validated
instruments to examine HRQOL as a principal
outcome; from the data regarding RPC with IPAA
many discussions have arisen about the opportunity to
favor this technique over the old IRA or ileostomy in
order to obtain the best QoL.

20.2 Quality of Life and Health-Related

Quality of Life

In recent decades, constant progress in terms of
reduced morbidity and mortality have brought an
increasing recognition of QoL as an outcome and indi-
cator in clinical medicine.

In the 1994 the World Health Organization (WHO)
gave a definition of QoL [1]:

The first consideration is that QoL is always
focused on the singular person [2]; this centrality of
the person or patient implies that any consideration
based on QoL must start with the patient’s opinions
and values in relation to the reality that we want to
describe. Another important consideration is that
health is just one of the many aspects of QoL; in effect,
QoL is a wider concept that depends especially on
individual factors such as aspirations and personal
values, and environmental factors like social relation-
ships and economic factors.

The multidimensionality of the QoL is outlined in
Table 20.1, which lists the areas of value of the
WHOQOL, the instrument of measure of global QoL
introduced by the WHO. Here, the assessment of QoL
depends on the combination of life domains like phys-
ical health, psychological state, independence level,
social relationships, environment, and spirituality [3].

At this point, it is evident that health has substantial
importance in the determination of QoL. It is neces-
sary to develop a definition of health that includes not
just the presence or absence of illness, but also the
ability to perform activities of daily living with or
without limitations [2].

The HRQOL is the patient’s own assessment of
physical and mental health, social interactions, and
general wellbeing related to their state of health and
the functional results of therapy [4,5].

Since the HRQOL became one of the main
endpoints and indicators of clinical outcomes, many
instruments to assess QoL have been introduced into
clinical practice [6].

In general there are two types of instruments used to
measure QoL:
• generic to measure the overall QoL, considering all

the aspects influencing QoL; these can be used to
compare subgroups with general populations

• disease-specific instruments designed to measure
QoL in specific patient populations.
To be validated, these instruments need to be

exhaustive to reflect the centrality of the patient, to be

The individual’s perception of his or her posi-
tion in life, within the cultural context and
value system he or she lives in, and in relation
to his or her goals, expectations, parameters
and social relations.
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psycometricrally “valid and reproducible”, and to
make sense from both the scientific and clinical point
of view [2].

One of the most used instruments in clinical
research for QoL (and probably the most used for
generic HRQOL assessment in colorectal surgery) is
the Short Form 36 (SF-36); introduced in the 1980s by
a group of searchers of Rand Corporation [4].
Compared with other generic health indices, the SF-36
has been shown to discriminate better between popula-
tions with varying QoL [7,8].

The SF-36 contains 36 health-related questions that,
when scored according to specific guidelines, define
eight domains of HRQOL: general health perception,
physical function, physical and emotional role limita-
tions, social functions, mental health, bodily pain, and
vitality.

As in other fields of medicine, QoL became one of
the main goals and indicators of outcome in surgery.
When comparing the HRQOL before and after
different types of surgery, this can lead to making
better decisions relating to surgical treatment [9].
Different QoL questionnaires have been introduced in

clinical practice to measure results in colorectal
surgery (e.g. EORT QLQ-CR38, IBDQL, etc), and
more specifically after IPAA (e.g. the Cleveland
Global Quality of life score, Pemberton score, Ores-
land score, etc).

20.3 Quality of Life after Restorative

Proctocolectomy and Ileo-Anal

Pouch

Interest in QoL after surgery for colorectal disease,
especially for UC and FAP, increased after the intro-
duction of RPC with IPAA.

This type of surgery preserves anal function, but it
has a high rate of early or late complications [10]. The
long-term problems of an ileo-anal pouch are due to
surgical complications, but also to a series of func-
tional problems of the pouch, especially in relation to
continence and bowel movements, which are thought
to influence lifestyle after this surgery (diet, sexuality,
social, work, activity, etc). For this reason, HRQOL
and not just objective functional outcomes have

Table 20.1 WQOL domains for assessment of quality of life. Reproduced from [3], with permission from Elsevier

Areas Sections

Physical health Energy and tiredness
Pain and discomfort
Sleep and rest

Psychological health Body image and physical aspect
Positive emotions
Negative emotions
Self-esteem
Ability to think, concentrate, and memorize

Independence level Ability to move
Independence in daily life activities
Dependence on medications and other medical treatments
Capacity to work

Social relationships Interpersonal relationships
Social support
Sexual activity

Environment Financial resources
Freedom, security and physical integrity
Health and Social assistance: accessibility and quality
Domestic environment
Opportunity to gain new knowledge and ability
Participation and opportunity for recreation and leisure
Physical environment (pollution, noise, traffic, climate)
Transportation

Spirituality and religion Spirituality/religion/personal convinctions
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become a point of discussion in deciding which is the
best surgical option for FAP and UC.

The data available are mostly concerned with UC
patients, as this is the main indication for IPAA (UC
87%, FAP 8.9%, others 3.6%) [10]. At present, these
data do not always show a clear superiority of a certain
type of surgery.

In 2005, Hueting et al [10] published an extremely
interesting a meta-analysis that included data from
9317 patients. The data from this meta-analysis
allowed us to form a picture of complications of early
and long-term complications after IPAA. Therefore we
will next analyze which aspects and complications can
influence and affect QoL.

20.3.1 Long-term Complications of IPA A

Complications after IPAA occur in about 13% to 62%
of patients [11,12]; it is interesting that FAP patients
are usually reported to develop fewer significant
complications in the postoperative course (10–25%)
[11,13], probably due to the fact that these patients are
usually in good general health and are not using
medications like corticosteroids or immunosuppres-
sants.

The principal long-term complications are repre-
sented in Table 20.2 [10]. As can be seen, the creation
of an ileo-anal pouch is complicated by pelvic sepsis in
9.5%, formation of a pouch/anal vaginal fistula in
5.5%, stricture of the anastomosis in 9.2% (sometimes
with the necessity to perform pneumatic or digital dila-
tion), and sexual dysfunction in 3.6% of cases. The
most frequent non-pouch-related complication is small
bowel obstruction (a situation that not infrequently
results in further intervention), reported in 13.1% in

this meta-analysis but in a higher percentage in many
single institution series – from 15% to 25% [12,14].

20.3.2 Pouchitis

Pouchitis is defined as an idiophatic and aspecific
inflammation of the mucosa of the pouch; it is one of
the most common long-term complications. The diag-
nosis is based on the combination of clinical, endo-
scopic, and histological criteria. Clinically, pouchitis is
characterized by increased frequency of loose, watery,
and sometimes bloody stool; urgency; lower abdom-
inal cramping; and fever.

The pooled incidence of patients that refer to at
least one episode of pouchitis is 18.8% in the meta-
analysis by Hueting et al [10], but the real incidence is
difficult to determine. The cumulative probability of
pouchitis reported by the principal groups is higher
and reaches 59% [15]. Pouchitis can be classified
according to etiology (idiopathic versus secondary),
disease activity (remission versus active), duration
(acute versus chronic with a 4-week cut-off), or
disease course (infrequent, relapsing, or continuous),
or according to response to therapy (responsive versus
refractory) [16].

The QoL seems to be affected significantly only in
patients with chronic refractory pouchitis [17,18],
which fortunately is not common, occurring in less
than 5% of cases [19]. Pouchitis is rarely seen in
patients with FAP (3–14 %) [12–20]; UC patients are
9.3 times more likely to develop pouchitis than FAP
patients [11]. Globally, pouch failure, defined as the
necessity for excision or permanent defunctionaliza-
tion, is reported in up to 8.5% of these patients [10].
Pouch failure is largely due to pelvic sepsis and mostly

Table 20.2 Pooled incidences of pouch related complications. Adapted from [10], with permission from S. Karger AG, Basel

Complication Number of studies Number of patients Pooled % 95% CI

Pelvic sepsis 41 9082 9.5 8.2–10.9
Fistula 30 5120 5.5 4.3–7.0
Stricture 28 5185 9.2 6.8–12.4
Pouchitis 33 7289 18.8 15.7–22.4
Sexual dysfunction 21 5112 3.6 2.7–4.7
Pouch failure 39 8877 6.8 5.4–8.4
Small bowel obstruction 27 5853 13.1 11.0–15.7
Other 22 3441 3.4 2.4–4.8
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occurs in the first year after surgery [19]; the other
main cause for pouch failure is chronic refractory
pouchitis.

20.3.3 Cancer in Transitional Columnar

Mucosa and in the Pouch

The criticism of the double-stapled ileo-anal pouch is
that by leaving a cuff of 1–3 cm of transitional
columnar mucosa (ATZ), there is a potential risk of
developing dysplasia and cancer. In fact, it has been
demonstrated that this risk cannot be completely
erased, even after endoanal total mucosectomy, since it
has been demonstrated that small islets of columnar
epithelial cells can be left after mucosectomy [21,22].
The incidence of dysplastic polyps in the residual ATZ
after double-stapled IPAA has been estimated to be up
to 28–31%, as compared with 10–14% after endoanal
mucosectomy [21,22]. Until now, only eight cases of
cancer from the pouch-anal anastomosis have been
reported, four of these after mucosectomy [13].

FAP patients may develop adenomas in the ileo-
anal reservoir; the risk of developing adenomas has
been calculated at 7%, 35%, and 75% respectively at
5, 10, and 15 years [23]. Most of these adenomas are
mild dysplasia and unlikely to develop into cancer.
Regular endoscopic monitoring of FAP pouches is
mandatory. The cumulative risk of developing rectal
cancer after colectomy and ileorectal anastomosis for
FAP is 3.9%, 10.4%, 12.1%, and 25.8% respectively
after 10, 15, 20, and 25 years of follow-up [13].

20.3.4 Functional Results of RPC

With the term “functional results of IPAA” (and more
widely of the entire colorectal surgery) we consider all
aspects of life that concern bowel activity. In particular
this includes stool frequency; the presence of any
grade of incontinence, soiling or urgency; and peri-
anal irritation.

We can measure the functional results of an ileo-
anal pouch (or of an ileorectal anastomosis or
ileostomy) directly or indirectly, by considering a
spectrum of situations such as the need for drugs to
reduce the number of bowel movements, limitations of
diet, use of pads, and other similar factors.

Again, the data of the meta-analysis by Hueting et

al [10] show that the mean defecation frequency of the
ileo-anal pouch population is 5.2 per 24 hours, with a
mean night-time frequency of 1.0. Patients suffer mild
incontinence in 17% of cases, and urgency (that is
inability to defer defecation for less than 15 minutes)
in 7.3%; however, severe incontinence is reported by
only 3.7% of patients.

The ability to discriminate between gas and feces is
perfect in more than 75% of patients [19]; up to 17%
of patients in the daytime and 43% of patients in the
night time experience soiling (leakage of a small quan-
tity of mucus from the anus) occasionally [24,25]. An
important observation about continence after IPAA is
that after the double-stapled technique there is a signif-
icant decrease of the ratio of patients reporting night-
time incontinence/soiling when compared to mucosec-
tomy and manual anastomosis [26,27].

Peri-anal skin irritation is reported occasionally in
about half of patients; the use of pads, especially at
night time, is reported in 18% to 68% of these patients
[19,24,25].

From these data, the observation that functional
results of an ileo-anal pouch may influence the QoL
becomes obvious.

The reality is that there is no definitive correlation
between QoL and functional results. In fact, a real and
definitive answer does not exist and if some authors
have found a correlation between functional results
and QoL [24,28,29], there are others that have found
the opposite [30,31], demonstrating that even when
alteration of continence exists this may not diminish
quality of life [32].

20.3.5 Diet Limitations

Another important factor in determining functionality
of the pouch is the need to impose dietary limits to
reduce defecation frequency. The rate of patients who
need to modify their diet is quite high, up to 62% [33].
In particular, patients usually tend to avoid food with
high fiber content (especially green vegetables) and
alcohol, and also they tend to have dinner quite early
to prevent night-time bowel movements; some authors
have found that these modifications can influence QoL
negatively [33]. The regular use of antidiarrheic drugs
can reach up to 60%, is significant in all the main
series [19,24,25], and is an indirect index of diet limi-
tations and high frequency of bowel movements.
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20.4 Fertility and Pregnancy

Young patients with FAP are generally fit, and many
are childless at the time of operation. It is obvious that
changes in fertility and pregnancy have to be consid-
ered before surgery for FAP [34,35].

Pregnancy and delivery are not jeopardized in
patients with an ileo-anal pouch. Although soon after
the introduction of IPAA some authors recommended
Caesarean delivery after RPC [36], successive studies
widely demonstrated that safe pregnancy and normal
delivery are possible [37–39]. The function of the
pouch is not affected by pregnancy or by the type of
delivery [13].

Other factors regarding fertility must be considered.
Olsen et al [34] reported that fertility decreases to 54%
after construction of a pouch for FAP. The reasons for
this decrease are not yet well understood, but are prob-
ably related to the formation of pelvic adhesions
[34,37,40]. This reduction in fecundity in women with
FAP (which is even higher in UC patients) undergoing
IPAA must be discussed with patients before planning
surgery [34,41].

20.5 Sexual and Urinary Functions

The risk of injury to the presacral nerves (sympathetic
plexus) and the nervi erigentes (parasympathetic
plexus) should focus attention on the possible sequelae
such as urinary retention, erectile dysfunction, or retro-
grade ejaculation. After the introduction of the nerve-
sparing technique (or “close rectal wall”) [42], these
kinds of complications can be almost completely
avoided [43–45].

The meta-analysis of Hueting et al [10] revealed
urinary and sexual complications in 3.6% of patients.
Colwell and Gray [46] reported rates of sexual
dysfunction in males of 0.5% to 1.5% for erectile
impotence, and of 3% to 4% for ejaculatory dysfunc-
tion after IPAA.

Transient postoperative dysuria and urinary reten-
tion have been reported in less than 2% of patients
[13,43]. Again, Colwell and Gray [46] showed that
from 3% to 22% of women with IPAA could experi-
ence dyspareunia (probably due to the mechanical
changes in the pelvic space) [47]; in addition, 3% of
female patients may report inhibited sexual relations
because of fear of stool leakage.

20.6 Social and Work Restrictions

Another important issue is the impact of IPAA on
work and social life. This is especially important
considering that the average age at surgery in patients
with polyposis is around the third decade of life.

In 1999, a group at the Cleveland Clinic [48]
analyzed the follow-up of almost 1000 patients who
underwent IPAA (3.8% for FAP). They used the SF-
36 and the Cleveland Global Quality of Life (CGQL)
instrument (Fazio score), which is a validated QoL
indicator for pouch patients. They found that even in
long-term follow-up, the rate of patients who reported
no restrictions in work and social life reached about
90%. This is in agreement with data from Hanloser et
al at the Mayo Clinic [19] on 1885 patients, who found
that of 92% of patients who had remained in the same
employment, 83% were not affected by surgery.

20.7 Measure of Quality of Life After

IPAA and After Surgey for FAP

In the last 20 years, IPAA has been deemed the gold
standard worldwide for surgery for FAP; therefore, if
we want to consider QoL after surgery for FAP we
must consider this procedure. In general, most of the
studies considering HRQOL after IPAA do not distin-
guish or group patient data according to the diagnosis.
Data related to FAP patients are only available in a
few studies, particularly in relation to the index of
QoL.

Different groups using validated instruments,
mainly the generic SF-36, have demonstrated that
global QoL after IPAA is good and comparable to that
of a normal healthy population [11,28–30,49] in
almost all domains of the scores.

These same papers showed that despite a compa-
rable QoL with a normal population, IPAA patients are
found to have a decreased health perception [28,49],
and Barton et al [11] noted a worse SF-36 score in role
limitation due to emotional problems in patients with
FAP. The HRQOL seems to be stable, even at the
long-term follow-up [19,48].

Nevertheless, there are some obscure points that
emerge from discussion in the literature. For example,
as already stated, functional results are not always
directly related to QoL, and therefore they do not inter-
fere with HRQOL scores. We have conflicting results
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regarding this [24,28–30,32]. Other aspects that have
been assumed to affect QoL after IPAA are diet limita-
tion [33], pouchitis [33,50], and age at time of surgery
[29].

Nevertheless, the general scores of IPAA patients
still are quite high, and most patients report that they
are able to maintain work [19,25,48] and social
activity, or even improve their abilities following
surgery [49].

20.7.1 Quality of Life: IPAA Versus Other

Surgical Options

In 1991, Kohler, Pemberton and others from the Mayo
Clinic [51], in one of the first papers on QoL after
IPAA (even without the support of validated instru-
ments), compared the QoL after conventional and
continent-Koch ileostomy and after IPAA; they found
that most patients were satisfied, although 39% with
conventional and 14% with continent ileostomy
desired a change, in contrast to only 4% of those with
ileal pouch-anal anastomoses; in effect, even though
the majority of all the categories of patients were able
to return to normal social and work activities, the
IPAA patients scored significantly better results in
sexual and sport activities.

Also McLeod and Baxter [6], in 1998, analyzed the
literature and found high and similar levels in the
global QoL after ileostomy, continent ileostomy, and
IPAA, with the same observation that body image and
sexuality were markedly improved after intervention
that was able to preserve continence, such as Koch
ileostomy and more IPAA.

In 2000, Seidel et al [52] compared results after
IPAA and after ileostomy and noted that, despite a
significantly higher rate of complications after IPAA
than after ileostomy (53% versus 16%), both groups
reported favorable responses in relation to QoL
domains.

20.7.2 Results in FAP Patients

Considering FAP patients in particular, there are some
observations that can be made: since the beginning of
these QoL studies, many authors have found that FAP
patients experience a lower QoL after surgery; most
attribute this to the fact that before surgery patients

with FAP are young, in good health and asympto-
matic, so restrictions on lifestyle after surgery may be
perceived as more severe by this subgroup of patients
[33,52,53,54]. In particular, Seidel registered a differ-
ence in the fact that UC patients define their QoL as
better than before surgery in 95% of cases (both IPAA
and ileostomy), while FAP patients only say it is better
in 57% of cases [52]. Fujita et al observed that patients
with FAP are less satisfied, even when functional
results and stool frequency are similar [54].

Kohler et al, from the Mayo Clinic registered that
FAP patients reported more sexual and sports limita-
tions after surgery, for both ileostomy and IPAA [51].

All these observations lead back to the discussion of
whether primary IPAA should still be considered the
gold standard, especially in patients with FAP.

In recent years, some papers have been published
that have compared the results after IPAA and after
IRA in patients with a diagnosis of FAP. In these
studies, the HRQOL has always been considered one
of the main outcomes; these studies also tried to find a
correlation between QoL and functional results.

In 2000, Ko et al [30] studied functional results and
QoL of two subgroups of patients that underwent
IPAA and IRA for FAP. The functionality of the
bowel in terms of bowel frequencies, soiling, pad
usage, peri-anal skin problems, diet limitations, and
inability to distinguish gas were worse after ileo-anal
pouch. In final analysis, data on HRQOL based on the
SF-36 were not significantly different in any of the
eight dimension of SF-36.

Van Duijvendijk et al [55] performed a similar
analysis, selecting patients with FAP from the Nether-
lands registry, comparing HRQOL after IPAA and
IRA. The SF-36 and EORTC QLQ CR-38 showed no
differences between patients who underwent the two
types of anastomoses; however, the comparison
between a healthy population and FAP patients after
surgery showed poorer scores after either IPAA or
IRA. Hassan et al, from the Mayo Clinic [5], also
found no difference in HRQOL based on SF-36
between IPAA and IRA patients in polyposis.

In 2006, Aziz et al [56] published a meta-analysis
of the observational studies of ileorectal versus ileo-
anal pouch anastomosis for FAP. The data extrapo-
lated showed undoubtedly better results after IRA, as
shown in Table 20.3, even though, curiously, they
found a worse rate of urgency after IRA compared to
IPAA. In addition, Gunther et al [57] found better
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functionality after IRA; in their analysis they also
found that this superiority, especially in terms of conti-
nence, leads to a superior QoL score after IRA
compared to after IPAA.

20.8 Conclusion

FAP patients nowadays are usually young and asymp-
tomatic when they undergo surgery. QoL is an impor-
tant issue when deciding which kind of surgery to
choose. Even if the last word is far from being said, it
seems that IRA can offer a better functional outcome
and probably a better QoL than IPAA [57]. On the
other hand, Vasen et al [58] have demonstrated that
the life expectancy after IPAA is 1.8 years longer than
after IRA. Aside from this, 47 out of 659 patients after
IRA developed rectal cancer, with 75% of them having
had a clear endoscopy within a year from the diagnosis
[58].

It is also important to underline that IPAA can be
accomplished after IRA, with good functional results
[59,60].

If genetics can facilitate the decision-making
process, by defining mutations that are linked to the
less aggressive form of FAP [61], it could be difficult
to decide which is the best surgical option with respect
to QoL.

The need for a strict follow-up, the risk of cancer,
and the threat of a re-operation can be an unacceptable
source of stress and lead to reduced QoL.

Expectations and previous health status are also
important factors when judging the results. A clear
example of this is the lower scores in terms of QoL
after IPAA in patients with FAP in comparison to
patients with UC. This is probably due to the fact that
these types of patients, unlike symptomatic colitis
patients, have a normal HRQOL before surgery, and

the impact of altered bowel function after IPAA may
be more important.

The surgeon plays a key role in providing the
patient with all possible options; therefore, the patient
should receive a tailored surgery through a careful
process of informed consent. This could be facilitated
in the future if further studies are able to refine the
measurements of QoL and provide a precise interpreta-
tion of the data.
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Abstract Familial adenomatous polyposis is a severe autosomal dominant disease
with complex clinical symptoms and a high risk of colorectal and other cancers.
Genetic counseling and testing is recommended and is important for probands but
also for other relatives at risk. A germline mutation in the APC gene is the cause of
the disease in most families. Genetic counseling is a process that includes several
sessions with the patient and family members, and should help the family in process
of making decisions about testing and cancer prevention. The primary and secondary
prevention is complex and should be provided by several professionals with in-depth
knowledge of the syndrome. Many psychological and social problems may be antici-
pated and should not be overlooked.
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21.1 Introduction to the Genetics of

Polyposis Syndromes

Familial adenomatous polyposis (FAP) is one of the
most important hereditary causes of colorectal cancer,
with a prevalence of about 1:8000 [1], and autosomal
dominant inheritance. In about 30% of cases no poly-
posis was found in a previous generation and the
disease is caused by de novo mutation. Also, somatic
mosaicism of the APC mutation in one of the parents
can cause sporadic occurrence of the disease, or poly-
posis of two siblings with no affected father or mother.
Non-paternity may be another cause of sporadic
disease, but should only be discussed if necessary.

FAP is a complex disease leading to more than 100
colonic polyps, which may increase in size and
number with age. The first clinical signs of the disease
are mostly detected in adolescence, but in attenuated
form may develop much later. Colorectal cancer
occurs at an earlier age than in sporadic cases but
usually after the age of 20 years. There is a high risk of
extracolonic gastrointestinal manifestations, mostly
gastroduodenal polyps (gastric non-adenomatous
fundic polyps, small bowel adenomas) that may cause
a high risk of malignancy and some mechanical
complications. Duodenal adenomas are frequently
seen around the papilla of Vater [2]. Among extrain-
testinal manifestations, subcutaneous benign tumours
such as epidermoid cysts of the scalp, osteomas, dental
abnormalities, and desmoid tumours of soft tissue are
frequently seen. These manifestations are called
Gardner’s syndrome as a variant of FAP [3,4].
Congenital hypertrophy of the retinal epithelium
(CHRPE) manifests as pigmented ocular lesions,
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which are seen in about 60–90% of FAP patients [2].
Thyroid, brain (Turcot’s syndrome with medulloblas-
toma), and adrenal gland tumors or hepatoblastomas in
children are seen less frequently in patients with FAP.

There are other genes related to multiple polyposis
and this should be taken into account especially in less
serious polyposis and other histological types of
polyps [5]. MYH-associated polyposis (MAP) is an
autosomal recessive disease with usually 5–100
adenomas (rarely more), in some cases with duodenal
polyps and other extracolonic features (dental abnor-
malities, dermal cysts, osteomas, or CHRPE). The
mean age of clinical diagnosis is about 50 years, but in
some cases the disease is diagnosed very early [6,7].
The clinical differentiation of MAP from FAP is prob-
lematic, and the condition is often sporadic or with two
or more affected siblings. In families with vertical
transmission of the disease, phenocopies (sporadic
cases in a family with hereditary disease) or colorectal
cancer in a heterozygote of MYH mutation can be the
cause. So far, only a small effect on cancer risk is
expected in MYH heterozygotes [8]. MAP polyps are
usually tubular or tubulo-villous adenomas or hyper-
plastic polyps, and MAP cancers are predominantly
left sided (71%), and in 27% they are metachronous or
synchronous [9].

Hereditary mixed polyposis syndrome (HMPS)
may present with atypical juvenile polyps, hyper-
plastic polyps, serrated adenomas, or classical
adenomas and a high risk of cancer and no extra-
colonic manifestations. The search for the gene is still
ongoing [10,11].

Peutz–Jeghers syndrome is an autosomal dominant
inherited disease with hamartomatous polyps and cha-
racteristic mucocutaneous pigmentation, which is
mostly around the lips and buccal mucosa. The skin
pigmentation may fade but the buccal manifestation
continues into adulthood. Hamartomatous polyps may
be of different size and may cause mechanical compli-
cations. The risk of cancer is increased (39% for
colorectal cancer by the age of 65 years), but the risk
of other cancers is also increased (pancreatic, stomach,
breast, ovarian, small bowel, endometrial, oesophagus,
lung, and sex cord tumors). In about half of tested
probands, STK11/LKB1 germline mutation is found
[12].

Juvenile polyposis syndrome is diagnosed in chil-
dren with more than ten juvenile polyps (hamartomas
with overgrowth of the lamina propria, and mucin

retention cysts). One-third of cases are familial with
autosomal dominant inheritance. The disease-causing
mutation in the SMAD4 gene may be detected in about
one-third of the tested cases, and mutation in the
BMPR1A gene in another one-third of cases. There is
an increased risk of colorectal, but also gastric,
duodenal, and pancreatic cancer.

21.2 The role of Genetic Counseling in

FAP Diagnoses

Rectal bleeding, pain, and diarrhea can be the first
symptoms of the disease. In some cases, other symp-
toms like large desmoids, osteomas, and cysts may
lead to the diagnosis of FAP. Colorectal cancer or
other cancers may complicate the disease in those of a
young age. When the clinical diagnosis of adenoma-
tous polyposis is clear, or there is a suspicion of FAP,
genetic counseling and testing should be offered to the
patient and the whole family. A geneticist, or in some
countries a genetic counselor, invites the patient or
other family member for the first visit. Genetic coun-
seling is an approximately one-hour session when
personal history and detailed family history are
discussed. The interviewer asks about all the diseases
(especially cancerous) in siblings and children of the
proband, and the mother’s and father’s family, with at
least a four-generation pedigree. Information about the
diagnoses and the age of diagnoses, about the treat-
ment, the lifestyle and the risk factors should be
included. When possible, the information should be
confirmed in medical records, pathology records (with
written permission), or through death certificates. By
recording the pedigree, a better understanding of
possible inheritance, distribution and spectrum of
diseases, and ages of diagnoses is possible. The geneti-
cist should decide if APC or other genes (for related
syndromes) should be tested in the family. Clinical
symptoms of FAP, heredity, the risk for other family
members, primary and secondary prevention, and also
laboratory testing are discussed with the patient. In the
case of clear or suspicious FAP, genetic testing of the
APC gene is offered to the patient. Informed consent
for the DNA testing should be signed by the patient
and the physician, stored in the medical records, and
sent to the laboratory with the DNA sample. In some
cases physicians avoid genetic counseling before
genetic testing and send blood for genetic testing
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directly to the genetic laboratory. This is not the
recommended way of genetic testing.

In families with detected causal mutation, predic-
tive testing is offered to relatives at risk starting at the
age of 10 years. The age when the testing should be
offered depends on many factors, mostly related to the
clinical relevance and the maturity of the child. In
cases of classical FAP the first symptoms can be seen
at a very young age and may cause some complica-
tions like rectal bleeding, anemia, pain, diarrhea, etc.
All predictive testing can only be done after genetic
counseling and with signed informed consent (parent
consent in the case of testing children).

21.3 The Possibilities of Genetic Testing

in FAP

The APC gene (chromosome 5q21) was found by
linkage analysis and positional cloning in 1991. This
gene is part of the Wnt signalling pathway and plays
an important role in the degradation of β-catenin in the
cell cytoplasm. It has 15 exons coding a protein of
2843 amino acids, which exists mostly in the cyto-
plasm and interacts with other molecules such as
β-catenin, α-catenin, axin, tubulin, and other proteins.
Truncating germline mutations in the APC gene are
responsible for about 70–90% of FAP cases [5].

The position of germline mutations is important for
the prediction of clinical symptoms of the disease.
Severe polyposis is seen in mutations between codons
1290 and 1400, CHRPE in mutations between codons
457 and 1444, and osteomas and desmoids in muta-
tions in codons 1400 and more. Attenuated FAP is
seen in mutations between codons 78–167,
1581–2843, and in exon 9 [2]. However, there is a
wide variability of clinical symptoms even within the
family, which may be caused by modifying genes,
environmental factors, lifestyle, and diet.

Genetic testing is offered to probands with FAP,
after genetic counseling. The patient needs to sign
informed consent for testing of the APC gene, and
decide what should be done in the laboratory with
his/her DNA after the testing is finished. It can be very
helpful if they are informed by geneticists about the
importance of DNA storage for the purpose of addi-
tional genetic testing in the family in the future, about
the possibilities of testing other genes and modifying
factors, and about the possibilities of being involved

anonymously in future research. Any additional clin-
ical genetic testing should again be consulted with the
patient, and a new informed consent should be signed.

Testing of the first person in the family, the patient
with FAP, is usually a laborious process, which takes
several months. It is necessary to screen all coding
exons, and intron and exon boundaries for possible
mutations. The use of testing methods varies in
different laboratories. There are new, more-sensitive
and less-laborious methods available, and new equip-
ment is developed every year. There is no real hot spot
in the APC gene, and mutations can be found in any
part of the gene. Each family can have a unique muta-
tion. In most families conventional mutations like
small insertions, deletions, or substitutions are
detected, but in some families large gene rearrange-
ments are found. Thus the clinical testing should be
extended for the detection of these large changes in the
APC gene. In many families only a variant with
unknown clinical significance is detected, and the
testing results are uninformative with no causal patho-
genic mutations found. The predictive testing of these
unknown variants is not provided to the other family
members.

In families with known causal mutation, predictive
testing is offered to family members who are at risk.
The predictive testing is less complicated and usually
takes a short time since the location and the type of
mutation are already known.

21.4 The Disclosure of Genetic Testing

Results to the Patient and Family

Members

When the genetic testing is completed, the patient or
the family members are invited for another session
with the geneticists. The results and other related
issues are discussed, and the patient receives a detailed
genetic report. If the pathogenic mutation in the family
has been found, predictive testing of the same muta-
tion is offered to other relatives. This information
should be disseminated in the family by the proband.

Those family members who test negative in predic-
tive testing do not need any special surveillance if any
other risk factors are not seen in the family pedigree
and their personal history. Their children do not need
to be tested. In those who test positive, preventive
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surveillance is recommended starting at the age of
finding the result, or from 10–12 years of age. In fami-
lies where genetic testing was not informative or
where the patient with FAP is not available for testing,
preventive follow-up should be offered to all relatives
who are at risk.

The geneticist discusses the need for genetic testing
in family members with the patient. In some families
the dissemination of information is not a problem, but
in others the patient may refuse to provide the informa-
tion to relatives. There may be no contact with distant
family members, and the relationship even with close
relatives may not be good enough to talk about the
disease, or there may be other reasons for non-disclo-
sure. The geneticist should explain (sometimes repea-
tedly) the importance of genetic testing of relatives and
support the process of dissemination, but the final
decision depends only on the proband.

An information brochure should be prepared in
familial cancer clinics and given to the tested person
together with the genetic report. It is also important to
suggest another possible meeting with a geneticist or
genetic counselor when needed.

21.5 Coping with FAP Syndrome

Different types of acceptance of the information can be
expected, depending on the type of person, and their
age, and personal, familial, and social situation. The
revelation of a genetic disorder is usually devastating
for the patient and family members. In many cases
nothing serious was expected and suddenly they are
informed about the severity of the disease, chronic
illness, surgical procedures needed, and, in some
cases, about the cancer diagnosis or the high risk of
cancer. Patients and families need a sympathetic
person, a geneticist or other clinician, who understands
the psychological aspects of the disease and who is
able to discuss all the important issues with them
[13,14]. The psychological consequences of the reve-
lation of genetic test results are different and may
include anxiety, cancer phobia, denial, or blame of
other people. Interfamilial relationships may be
changed, and some explanation of the situation should
also be available for spouses (if asked for). The geneti-
cist should offer the help of other professionals, espe-
cially a psychologist, who may be consulted on all
related problematic issues.

The heredity of FAP needs to be explained. For
many patients it is difficult to understand that the
disease is hereditary when nobody in their family has
had the same problems. They have to be informed that
their children have a 50% risk of inheriting the same
mutation. In patients who will be planning a family,
the explanation of possible prenatal or preimplantation
diagnostics should be involved. Preimplantation
embryo selection is offered in many centers, and for
some couples is more acceptable than prenatal diag-
nosis from amniotic fluid.

21.6 Preventive Measures in FAP

Secondary prevention should be explained in detail by
the geneticist and by the physician-specialist. It should
also be explained to children who need to be followed
up. Endoscopic examination can be painful, and if
done without any previous preparation and explana-
tion it may traumatize the child and lead to a reduction
in compliance. Adequate sedation before the examina-
tion, but also friendly clinicians, nurses, and environ-
ment may be helpful for cooperation. Anxiety and fear
of the surgery and cancer are very frequent [2]. It is
important to help family members to cope with the
disease by giving them all the information they need
about the disease and possible clinical symptoms,
about the lifestyle, risk factors, preventive care, exami-
nations, schedules, prophylactic surgery, and the
possible influence on their quality of life.

It should be stressed that primary prevention is very
important. All the risk factors for cancer development
should be explained, and a healthy lifestyle with no
smoking or alcohol consumption, and a healthy diet
should be strictly supported. In many cases these
people are young, they engage in many sporting activi-
ties and the disease can interfere with this. It should be
explained that physical activity is healthy, but should
be done with caution because of the possible complica-
tions related to FAP. This is particularly important in
individuals with classical FAP and a mutation in the
risk area of the gene for desmoid tumours, in whom
sports with a high risk of body damage are not recom-
mended. Trauma, female sex, and estrogens are recog-
nized as risk factors for desmoid tumours. The preva-
lence of desmoids among FAP patients is about
10–25% [15,16], and it is one of the major causes of
morbidity and mortality in FAP (besides metastasis of
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unknown primary and duodenal cancer) [17].
Secondary prevention starts early and is complex. It

is recommended to start sigmoidoscopy at the age of
early adolescence, or even from 10–12 years of age, at
1–2-year intervals. If polyps are found, total
colonoscopy should be provided every 6 months or
each year. Prophylactic colectomy is planned
according to the severity of clinical symptoms.
Detailed discussion with a surgeon about the operation
and the type of surgical procedure is needed. In the
case of polyps, or at 25 years of age, regular gastro-
duodenoscopy should be started. Since the disease is
systematic, annual physical examination with evalua-
tion of soft tissue and bone lesions, abdominal masses,
the thyroid gland, and other neurological symptoms is
necessary. Abdominal ultrasound should be done regu-
larly, even in childhood until the age of 10 years,
because of the risk of hepatoblastoma. Regular eye
examination should be conducted yearly, especially
when CHRPE is diagnosed. Dental controls are recom-
mended twice a year.

It might be helpful to have specialized nurse who
discusses with the family all the preventive examina-
tions, terms and conditions, and other family-related
problems like planning the examination for the most
suitable time.

In most cases the timing of prophylactic surgery
should take into account other FAP-related problems
like age, school, and family planning, job related
issues, or vacations. It can be delayed if the polyps are
rare and not large, but in most FAP cases the surgery
has to be done in the late teens or early twenties
[18–20]. Follow-up continues even after the surgery,
with regular physical examination, abdominal ultra-
sound and/or magnetic resonance imaging (MRI),
upper endoscopy, and other controls.

In the case of polyps (especially duodenal), chemo-
prevention may be started in order to slow the growth
of the polyps. The risk of malignancy is usually not
influenced, but the risk of mechanical or other compli-
cations may be decreased. The selective COX-2
inhibitor celecoxib is approved for preventive treat-
ment at the dosage of 800 mg/day. There may be
increased risk of cardiovascular complication (heart
failure or stroke), perforation, or bleeding from the
stomach or intestine after long-term use, and a careful
clinical follow-up is needed [20]. Celecoxib, sulindac,
or the anti-estrogenic drug tamoxifen can be used in
the prevention or treatment of desmoids (Fig. 21.1).

21.7 Social and Psychological Issues

Related to FAP

FAP is a hereditary disease where clinical symptoms
may occur in childhood, and predictive genetic testing
is frequently offered to children. Children are very
vulnerable and need a lot of psychological support.
Childhood may be affected by many symptoms of the
disease, frequent controls, and very unpleasant exami-
nations like sigmoidoscopy or colonoscopy. If prophy-
lactic surgery needs to be done it may be a traumatic
and mutilating procedure. Children may miss a lot of
school, and may be disqualified from some activities;
contact with their friends can be disrupted for some
time. It is important to speak to the child and explain
that this is temporary and they will get back to normal
activities after some time. It is good if they explain the
disease to their friends and prepare them for some
changes. The psychologist may help the child in
coping with all of these problems and improve the
quality of their life. Geneticists should also consult all
the issues carefully with children and young adults and
be prepared to answer their questions.

In young adults, planning of children is frequently
discussed. There are issues of transmitting the disease
to their children, whether to have children, when to
have children, whether to use prenatal or preimplanta-
tion diagnoses, when to plan the prophylactic surgery,
and whether to expect problems with pregnancy after
the surgery. In women with sparse polyps, an ileorectal
anastomosis with biannual endoscopic examination is
preferred, especially before childbearing. After pouch
surgery, reduced fertility may occur [21].

Genetic testing of FAP may change intrafamilial
relationships. The negatively tested family members
may feel guilty when their close relatives have to deal
with such a serious disease. Those who are positively
tested may feel angry, disappointed, or anxious; they
may blame other family members for having the
disease. Some family members do not want to consider
the information and do not want to be tested or have
colonoscopy. There are different scenarios in families,
and possible problems should be asked about and
counseled by a geneticist.

Medical information should be confidential, but the
genetic disease is a family problem and the genetic
testing is done for the patient and his/her family
members. There is an ethical dilemma if the patient
does not want to let other relatives know about the
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genetic problem [22]. In many cases it is caused by
inadequate understanding of the risks of the disease
and the necessity of early prevention. Other sessions
with the geneticist should be scheduled and the infor-
mation should be provided repeatedly.

Some patients are afraid of discrimination from
their employers, losing their job, having their health
insurance denied (in countries where health insurance
is not mandatory), or having a problem with life and

disability insurance [23,24]. It is important that the
geneticist also counsels about these issues and advises
individuals to take out their life insurance before the
predictive testing. Job-related issues are critical for
some patients and they should be advised by social
workers. Some working processes may carry a risk for
FAP patients and they should be able to discuss this
issue with a specialist. It is helpful if the geneticist can
provide contacts to other specialists.

Fig. 21.1 Family with severe FAP and a large desmoid complication. The proband (born 1988) was diagnosed with a large desmoid
growing from the external part of the chest inside and causing collapsing of the left lung and deviation of the mediastinum. She did
not have any major problems, just anemia, but started to feel short of breath and tired at school when exercising, and detected an
enlarging mass on the left side of her chest. She had computed tomography (CT) scan of her abdomen before the surgical procedure
of her chest, and multiple polyps of the colon were detected. She was sent to the geneticist for genetic counseling for suspicion of
FAP. In her personal history she had some scalp atheromas repeatedly removed, osteoma of the mandible resected, and problems
with dental development. The surgery for a large desmoid was done, but complete resection was not possible. A germline mutation
in the APC gene, exon 15, c.4666dupA, pThr1556AsnfsX3, was detected. This is the part of the APC gene where mutations cause
the classical FAP and the risk of desmoids may be increased. After the chest surgery she had colonoscopy, which detected multiple
polyposis, but also gastroduodeno-intestinal polyposis. She had to have a surgical procedure because of double intestinal invagina-
tion. Colectomy was not recommended because of severe polyposis of the whole gastrointestinal tract, and a massive and life-threate-
ning desmoid. The oncologist also saw her, and treatment with tamoxifen and celebrex was started because of the desmoid progres-
sion. In her family history her father died of pancreatic cancer at 41 years. The medical records were examined and information
about colonic polyposis and polypectomy at 31 years was found in the report, but the family had not been informed and examined.
He also had multiple gastroduodenal polyps and atheromas. His father died of cancer of the rectum at 45 years.
Two sisters of the proband were tested; both were carriers of the same mutation. The sister born in 1986 had colectomy for multiple
polyposis, atheromas, and dental abnormalities. The youngest sister born in 2000 was referred to the children’s hospital for an exami-
nation. There are also a lot of familial problems, starting after the death of the father. Communication between the proband and the
mother has ceased, and there is no communication with other relatives (father’s brothers). In this family the clinical symptoms of the
disease are very severe, especially in the proband. Her prognosis is poor and the colectomy was finally not indicated. Both her sisters
are carriers. The family was not informed about the father’s hereditary disease, FAP, by the clinicians of the local hospital, where he
was treated for pancreatic cancer and died
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21.8 Cooperation between the

Geneticist and Other Specialists

As a systematic disease, FAP needs complex follow-up
and care from different specialists. This is usually
provided in cancer centers at high-risk clinics. There
are different organizations of care and the cooperation
of many professions is needed. A gastroenterologist
sees the patient regularly, doing all the examinations of
the gastrointestinal tract. A surgeon is involved in the
care, especially if prophylactic surgery is planned. An
oncologist is an important integral part of the team,
carrying out physical examination, planning all addi-
tional examinations, and evaluating the results. In case
of cancer, duodenal multiple polyps, desmoids, and
other complications, the oncologist should offer chemo-
prevention or therapy. A specialized nurse is also a part
of the team, planning examinations, contacting the
patient with time schedules, asking about possible prob-
lems, and discussing some issues, which may be impor-
tant for the patient. The nurse should inform the physi-
cian about any problems or complications that the
patient has. The nurse is usually easily contacted by
patients and has time to consult them.

Other specialists are regularly involved in patient
care, such as psychologists, ophthalmologists, dentists,
radiotherapists, special surgeons, and geneticists.

There are many psychological issues related to
FAP. Little research on decision making or psychologi-
cal outcomes of the surgical procedures has been
carried out [25]. The role of a psychologist is funda-
mental in many families and should not be omitted.

The geneticist has to provide all the information
about the testing, testing results, heredity, and preven-
tion, and has to consult all the family members for
predictive testing. Even if the results of the genetic
testing are not informative (negative results of testing
in the proband), the family members should be advised
about the need for colonoscopy for clinical diagnosis of
FAP. Additional sessions should be offered to patients
or relatives, even after the results are disclosed.

21.9 Conclusion

FAP is a complicated systematic disease with a high
risk of cancer and a requirement of lifelong medical
follow-up, treatment, or surgical procedures. For many

people it is hard to cope with the diagnoses and they
need specialized help. It is essential that all the profes-
sionals in the team taking care of patients with FAP are
able to cooperate and address all the problematic
issues related to the disease.
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Abstract The revolution in information technology has transformed the processes of
collection, transmission, analysis, and storage of data, leading to the improvement of
many large-scale systematic data-collection systems of health-related events.
Familial adenomatous polyposis (FAP) represents a paradigmatic example of how the
establishment of a data-collection system, starting from family tracing and evolving
to more complex registration processes, increases knowledge on different aspects of
the disease and ultimately can influence patients’ clinical management and profes-
sionals’ attitudes. Many years have passed since the establishment of the first poly-
posis registry at St Mark’s Hospital in London. An historical overview of FAP
registries is presented, discussing potentials and limitations of population-based
registries versus clinical registries. In the context of recently developed health poli-
cies on rare diseases, the experience of a registry monitoring FAP as well as other
rare conditions, population-based, and at the same time with features of a clinical
one, is presented. The value of FAP registries relies on their ability to provide a snap-
shot of aspects of disease as well as of its management, producing evidence and
translating this into clinical practice. Our belief is that such registries, really patient-
centered, should be developed as an integral part of the healthcare network, becoming
connecting informative tools between vertical networks, namely centers of expertise,
horizontal care networks, and other institutions and persons involved in the care of
FAP patients.
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22.1 Background

The basis of cancer-prevention activities is the early
identification and appropriate management of prema-
lignant conditions. Familial adenomatous polyposis

(FAP) is one of the diseases that most benefit from
effective prevention interventions. These interventions
are addressed to all potentially at-risk individuals and
are based on appropriate follow-up and treatment
programs.

For these reasons, the complex reconstruction of
family pedigrees has always been part of the clinical
activities of centers dealing with FAP. At the same
time it strongly encouraged the creation of polyposis
registries. These registries have progressively evolved
from simple cases’ repositories to complex informa-

G.G. Delaini, T. Skřička, G. Colucci (eds.), Intestinal Polyps and Polyposis, 225
© Springer-Verlag Italia 2009



226 M. Mazzucato et al.

tive tools, structured to follow FAP patients and, in
general, all susceptible individuals.

FAP registries represent a paradigmatic experience
in the field of systematic data collection on individ-
uals affected by the same rare condition, with the aim
of making the available information less dispersed. In
fact, when dealing with rare conditions such as FAP,
one of the key problems faced not only by patients but
also by clinicians is the scarce knowledge of the rele-
vant aspects of epidemiology and natural history, as
well as specific issues related to diagnosis and therapy.
FAP registries represent an excellent opportunity to
tackle all these questions.

22.2 Disease Registries

In epidemiology, the term “registry” is applied to a file
of data concerning all cases of a particular disease or
other health-relevant conditions in a defined popula-
tion, such that the cases can be related to a population
base [1].

Registration is the process of systematic and contin-
uous data collection of all the events or case of interest
using multiple sources of information.

The continuity requisite distinguishes a registry
from ad hoc studies. In registries the cases collection is
continuous, providing a wide spatio-temporal
coverage.

Since their beginning, health data collections have
been implemented for very practical reasons. Their
aims have been closely related to the field of public
health, since the information collected usually has a
more or less direct return on the community. Over the
years, registries, initially static in their structure and
function, have evolved towards more complex forms
of data collection, in which the starting point of all
actions is the individual, promoting a more active
participation and involvement of patients.

Disease registries represent systems organized for
the collection, storage, analysis, and interpretation of
data concerning individuals affected by a particular
disease or a group of related diseases. At the begin-
ning, this kind of registry collected synthetic informa-
tion: anagraphic and few other data, namely diagnosis
and outcomes, with the collection being either
prospective or retrospective. Besides representing lists
of patients, useful for research activities, these
registries promoted the gathering of important infor-

mation on the epidemiology and natural course of the
monitored diseases.

Among disease registries, an important distinction
has to be made between patients’ registries, main-
tained by referral centers, and population-based
registries.

A population-based registry collects information on
all the cases of a particular disease arising from a
population residing in a defined area, namely a city, a
region, a country, etc.

The aim is to obtain epidemiological measures,
useful for health interventions planning. In these
registries, implying a wide population monitoring
activity, a major limit is the sustainability over time of
a long-lasting registration. This can be particularly
difficult if the registration is completely separated
from any clinical activity.

An evolution of the described registries is surveil-
lance systems. In these information systems, the
process of data collection is characterized by a strict
link with action. Examples are the congenital malfor-
mation registries and the injury surveillance systems.
These systems are organized in order to activate
specific interventions, if collected measures, namely
incidence, exceed a predefined cut-off. The interven-
tions aim to identify the possible causes underlying the
monitored phenomenon as well as at reducing the
number of events at population level, when possible.

These systems are focused on the event; cases are
expressions of the event and have to be monitored
exactly when the event takes place. These systems are
not suitable for the monitoring of events experienced
by the same individual during a long lifetime period.

The monitoring of chronic conditions or risk condi-
tions during the entire life course requires attention to
be focused on the patient experiencing the event rather
than on the event itself.

In this context, the first experiences of clinical data
collection were developed, involving a group of indi-
viduals affected by the same condition and/or followed
by the same clinical center.

Since the process of collecting information is long-
lasting, involving different persons over time, prede-
fined and common data-collection registration systems
have been developed.

These systems, initially implemented with follow-
up purposes, have been progressively standardized in
their content. The process of data collection is strictly
linked to the clinical dimension, leading to the fact that
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information has to be collected when it is generated
and by whom it is generated.

In the field of rare disorders, many clinical centers,
especially referral centers, set up specific databases,
initially created with administrative purposes or with
the aim of better organizing follow-up programmes.

The inclusion of adjunctive information has trans-
formed these databases into more clinical databases,
which have progressively become essential sources of
information for the conduction of research studies.
Over the years, important forms of collaborative activ-
ities have been developed by centers involved in the
same clinical activities, promoting the use of unique
and common systems for data collection.

Thanks to the scientific enthusiasm of motivated
clinicians and the availability of relevant patient
collections, the first disease registries were estab-
lished, initially on a local and then on an international
basis. The centralization of the information in a center,
identified as the coordinator, was initially based on
non-electronic forms filled in by the participating
centers.

During the last decades the impressive progress in
the field of information technology has facilitated the
collection, transmission, processing, and storage of
data, while improvements in systematic data-collection
systems for health-related events have allowed the
development of increasingly complete and reliable
databases. This favors the collection of information
when it is generated, and its rapid accessibility.

22.3 FAP Registries: a Historical

Overview

Menzel described the first case of multiple colorectal
polypoid lesions in an article published in 1721 in a
German journal [2]. In 1925, the surgeon Lockhart-
Mummery of the St Mark’s Hospital in London
described three families with familial polyposis in his
article “Cancer and heredity” in the Lancet [3]. He first
stated the existence of a separate clinical entity from
inflammatory polyps, that he called “multiple adeno-
mata of the colon”, highlighting the inherited aspect of
the condition.

He demonstrated that the follow-up of FAP fami-
lies, characterized by a high incidence of colorectal
cancer, remarkably decreased the occurrence of this
type of neoplasm. In 1925 at St Mark’s Hospital in

London, Lockhart-Mummery, his colleague, the
pathologist Dukes, and Bussey founded the first
familial polyposis registry in the world. This experi-
ence derives from the natural phenomenon that charac-
terizes the care of patients with rare diseases, with
FAP patients among them: aggregation of cases in
centers of expertise, which, as a consequence of
patients’ referral, progressively acquire more experi-
ence and knowledge. Following a notable number of
cases, these centers have been pioneers in developing
clinical data-collection systems. This is the case for St
Mark’s Hospital Polyposis Registry, an experience
which is still ongoing.

Since its foundation, this hospital-based registry has
allowed, the development of both clinical activities
and relevant research studies. Multiple aspects of the
disease have been explored starting from the collected
data. It was worth the effort to increase knowledge of
the disease, as well as of the treatments and preventive
actions needed [4,5]. In 1952, Dukes, one of the
registry’s founders, acknowledged the value of cases
registration in rare diseases, stating:

“... polyposis is a rare disease and no one
surgeon can expect to see more than a few
cases in a lifetime. For this reason, it is neces-
sary when studying this disease to collect infor-
mation from different sources, to collate it, and
to keep a register of affected individuals and
their relatives” [6].

One of the peculiar features of St Mark’s Hospital
Polyposis Registry is the fact that, from its outset, it
involved different health professional figures, high-
lighting the importance, when dealing with complex
pathologies, of a multidisciplinary approach in both
health care and the research field.

Starting from this first experience, many FAP
registries have been established worldwide, with
differences in organization, aims, and covered popula-
tion.

Church and McGannonn, analyzing these experi-
ences, distinguished three main types of FAP
registries: national registries, regional registries, and
registries developed in the context of tertiary referral
centers for the disease [7].

In fact, the distinction between national and
regional registries is not so definite, as the size of the
population in some countries can be compared to that
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monitored by some regional registries. What really
differentiates registries is whether they are population
based or not.

In the following sections, some examples of FAP
registries are presented.

22.4 FAP Population-based Registries

Population-based registries are usually based on a
centralized surveillance system that is able to guarantee
a national or regional coverage. Each new FAP case is
stored in a unique database, the core of the entire
system. The prerequisite is a well-defined catchment
area, covering the entire monitored country or region.
In this way, the collected cases refer to a defined popu-
lation, used as denominator for each epidemiological
indicator calculated using the registry’s data.

Registry staff are not necessarily involved in the
patients’ clinical care, focusing their activities mainly
in data collection and analysis.

Prerequisites of these registries are: a homogeneous
population, a complete and long-term registration of
patients, an exhaustive, or at least high, coverage, and
a healthcare system that is based on equal access for
citizens.

This type of registry is ongoing in the Scandinavian
countries. The Swedish Polyposis Registry, founded in
1957, represents the first population-based registry in
Europe [8]. Later, the Finnish Registry (1961) [9,10],
the Danish Registry [11,12], with a national coverage
since 1975, and the Dutch Registry (1984) [13] were
established.

These registries are based on a referral system of
cases, which is integrated with the information coming
from other multiple sources of information. In these
countries, a unique personal identification code, used
in different information flows, both health- and non-
health-related, is available. Through record-linkage
processes, this allows identification of nearly all the
present cases and enables their healthcare pathways to
be traced.

The main sources of data are family histories,
church registries, medical records, death certificates,
autopsy reports, and data from central offices of civil
registration. Moreover, data collected by these
registries can be integrated and compared to those of
other registries, particularly national cancer registries.

One of the most interesting developments of these

registries is the promotion of collaborative studies. The
aim is to enrol a relevant number of patients, who are
followed for long periods, in order to obtain informa-
tion on long-term outcomes, to compare the efficacy of
different surgical options, and to elaborate shared
guidelines for disease management, based on the
evidence produced [14–17].

While national registries are common in north
European countries, in other European and extra-Euro-
pean countries registries have mainly been established
on a regional basis. They essentially differ in the
reduced size of the monitored population. The objec-
tive is always to achieve an exhaustive monitoring.
These registries have been more easily developed
where the healthcare system is mainly organized on a
regional basis.

In the United Kingdom, regional registries are wide-
spread. Historically, they were established in the
context of clinical genetics services, serving a popula-
tion from one to five millions inhabitants. They have
rapidly been acknowledged as an essential part of
prevention programs for colorectal cancer in subgroups
of at-risk populations, such as FAP families [18].

Because of their strict link with genetic services,
research topics have dealt with the identification of
FAP families and the distribution of their mutations. A
relatively recent aspect of these registries’ activity is
the development of collaborations, aiming to recruit a
considerable number of cases, allowing study of geno-
type–phenotype correlations, with significant conse-
quences for family management [19].

In Italy, FAP registries were developed in the
context of wider registration systems, such as cancer
registries [20]. An example is the colorectal cancer
registry of Modena Province, North Italy, one of the
first specialized cancer registries in Italy, founded in
1984 [21,22].

Outside Europe, an example of a regional FAP
registry is the Canadian FAP Registry [23], founded
in 1980 at Toronto General Hospital, with the corre-
sponding catchment area being the Ontario Province.
This registry has features of both a regional registry
and a registry developed in a tertiary referral centre.
Since its foundation, it has faithfully followed the
structure of the St Mark’s Polyposis Registry. For its
initial aims, the Canadian Registry focused on knowl-
edge of the pathology’s natural history and on assess-
ment of the efficacy of colorectal cancer-prevention
activities. Afterwards, the identification of markers
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for detection of the disease became another relevant
objective. Great attention has been paid to psychoso-
cial aspects of the disease and to patients’ support and
advocacy [24]. The discovery of genes causing other
hereditary colorectal cancer syndromes determined
the birth of registries monitoring all hereditary
gastrointestinal cancers. Data derived from these
registries, and those coming from death certificates,
allowed identification of areas with a high colorectal
cancer incidence, which became the bases of specific
surveillance systems [25].

Other non-European FAP registries, established in
the context of clinical centers, but with defined catch-
ment areas, are the Japan Polyposis Registry [26] and
the Singapore Polyposis Registry [27].

In the history and activities of the above-mentioned
registries, even though specific characteristics are
present, some common elements can be identified. The
activities have been carried out in different phases.
They usually start with collecting data on probands,
using multiple sources of information and then
focusing on the reconstruction of family pedigrees.
This shifting represents a peculiar feature of FAP
registries, as the collected data refer both to the already
diagnosed cases, and to the so-called “call-up cases”.

At the beginning, these population-based registries
provided relevant information on FAP epidemiology,
namely on prevalence and incidence and their trend
over time [28]. Furthermore, they increased knowl-
edge on natural history and the efficacy of treatments
and follow-up programs. A natural consequence of the
registration has been the organization of preventive
activities, first addressed to probands’ relatives. There
is strong scientific evidence about the efficacy of these
interventions in decreasing morbidity and mortality
due to colorectal cancer in FAP patients [13].

In many cases, peventive activities involved other
health professionals working in specialized centers, as
well as in the primary care network, such as general
practitioners, with the aim of recruiting the highest
number of at-risk individuals [29]. In this way, the
registries increased knowledge of the disease among
physicians, playing a relevant role in spreading infor-
mation, and positively influencing both clinical deci-
sions and the healthcare pathways of the patients
[30,31].

Due to new progress in molecular diagnosis, the
role of the registry has undergone a dramatic evolu-
tion. Besides the previously described aims of the

registries, new ones emerged: study of the frequency
and distribution of predisposing APC mutations in the
monitored kindred, genotype–phenotype correlation
analysis, and identification of additional susceptibility
genes. The development of the genetic component of
these registries has allowed identification of which
mutations cause the most severe phenotypes of
disease, and therefore need strict monitoring of
carriers. Survival data show that colorectal cancer
mortality notably decreased in these years, mainly as a
consequence of registration and follow-up programs.
The same positive trend was not observed for the
extracolonic manifestations, particularly for dermoid
and duodenal cancers.

Despite the importance of the data derived from
these registries, a major criticism concerns the link
with the clinical dimension, which is not always
evident. Another issue is the difficulty of using
registries’ data to make assumptions on the whole
population. Data can be incomplete, as the determi-
nants of a patient’s presence in the registry depend on
a complex set of variables, such as the geographical
area where they live or the knowledge they have of the
registry’s existence.

Furthermore, in population-based registries a
general problem of organization exists. Their func-
tioning needs specific and dedicated competences and
resources, for example to maintain the system, to elab-
orate data using different information sources, and to
spread the information obtained both to those who
generated it and to patients and their families. All these
activities require a specific interest and involvement
of the institutions in order to keep the registration
systems active and of good quality.

22.5 FAP Clinical Registries

Besides population-based registries, other different
forms of registration have been developed, especially
in the context of centers that specialize in the manage-
ment of inherited colorectal cancer syndromes. Such
registries are particularly common in the United
States. One of their main features is the lack of a
defined catchment area, so that they can enrol patients
residing in different areas from the one in which the
center is located.

These registries have been created by individual
clinicians demonstrating specific interest in the
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management and study of these conditions. They have
promoted, organized, and maintained lists of patients
and recorded information on them as part of their clin-
ical and research activities.

In 2004, Church et al carried out a survey aiming to
establish how many registries linked to centers of
expertise for inherited colorectal cancer syndromes
existed in the United States [32]. There were 30 centers
and 18 registries. Registries were, on average, recently
instituted, having a median age of 5.5 years. Neverthe-
less, some of them have been operating for many years,
among them the Johns Hopkins Hospital Registry, the
Cleveland Clinic Registry, the Creighton University
Registry, and the MD Anderson Cancer Centre.

The median number of patients enrolled in the
registries was low: 45 in the case of FAP. A consider-
able variability in aspects of dimension, function, and
tools used for data collection emerged, making collab-
orative studies potentially difficult to conduct.

Another major limitation highlighted in the survey
was incomplete coverage of the population. Consid-
ering data in the literature compared to that of
registries, it was estimated that only between 19% and
23% of all theoretically existing families were enrolled
in a registry, implying undermonitoring of large areas
of the country. This is of particular concern from a
public health point of view, as it affects patients’
opportunities to access the most effective treatments
and follow-up programs available.

Furthermore, registries established in the context of
centers of expertise can operate a preselection in the
process of patient enrolment, leading to the presence in
the registry of non-homogenous subsets of patients,
despite their having the same clinical diagnosis.

In some cases, the patients enrolled are those who
require a more complex management – with more
severe forms of the disease, or less responsive to treat-
ments or inteventions. In other cases, enrolment of less
severely affected patients is possible, since it is easier
for them to contact the center and adhere to follow-up
programs.

In general, clinical registries are less useful than
population-based registries, such as the Scandinavian
ones, in producing reliable epidemiological data. On
the other hand, other aspects such as influence on
healthcare activities, elaboration of guidelines,
patients’ education and support, spreading of informa-
tion, and collaboration with patients’ associations
appear to be more developed.

22.6 Collaborative Registries’ Networks

FAP registries represent great opportunities to promote
collaborative research activities. In recent years,
collaborative networks connecting FAP reference
centers have been strongly encouraged, identifying
powerful tools in registries for pooling data and
sharing information, on the basis not only of personal
experiences, but also of common systematic data-
collection processes.

The aim is, above all, the identification of which
are the best practices for the appropriate and effective
management of patients and FAP families, in order to
increase survival and ameliorate quality of life.

Considerable variability in data-collection systems,
and the lack of common diagnostic criteria, represent
the main obstacles for these kind of collaborations.

Despite these problems, in recent years in the field
of colorectal cancer syndromes, great efforts have
been made to promote international collaboration.

In 1985, experts from 45 different countries gath-
ered together in London to celebrate St Mark’s
Hospital’s 150th anniversary. Efforts in pooling and
sharing knowledge about polyposis were strongly
promoted. One of the first activities of the group was
to conduct a survey of the existing polyposis registries
around the world, in order to find out what information
was already available on the disease. In 2003, the
Leeds Castle Polyposis Group and the International
Collaborative Group on HNPCC merged together,
becoming the International Society for Gastrointestinal
Hereditary Tumors (InSiGHT) [33].

Over time, collaborative groups of experts have
placed more emphasis on the fact that care of patients
and families has to be based on a multidimensional
approach, highlighting the importance of registries in
organizing care, and promoting research and educa-
tion. The birth of these collaborative experiences has
given great impulse to the creation of new registries
worldwide and to the development of joint actions in
the field of research.

22.7 FAP Registries: Potential and

Limitations

Considering the different types of registries described,
one might ask which is the best form of registration in
familial polyposis.
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The value of a registry must be considered with
respect to the aims that lead to its establishment, and
depends on the quality and usefulness of the collected
information.

Considering the FAP registries that are already
established, the great distinction is between popula-
tion-based registries, whether regional or national, and
clinical registries, whether annexed to a single center
or to a network of centers.

Undoubtedly, population-based registries present
some advantages, namely an exhaustive registration of
cases, unique opportunity to obtain reliable epidemi-
ologial data, and the standardization of data collection
– a prerequisite for conducting collaborative studies.

Epidemiological data produced by population-
based registries are essential from a health-planning
point of view, and consequently the relationship
between these registries and national health authorities
is more strict. Due to their role of support in planning
health policies, it is more likely that these registries
receive adequate funding and can be directly involved
in the organization of preventive programs. Further-
more, every planned intervention can theoretically
reach all the individuals to whom it is addressed, due
to the exhaustive character of the registration, repre-
senting an important example of equitable health
policy.

Despite these aspects that are of great value, at the
same time population-based registries present some
major limitations. Commonly, these registries can be
completely distinct from the patient care dimension,
being maintained by other professionals who are not
directly involved in clinical activities.

This can be less pronounced in some experiences,
for example some regional population-based registries,
where the link with clinical centers is more evident.
Even if population-based registries represent unique
and valuable sources of data, the manner in which this
information can be accessed and used by both clini-
cians and patients is crucial.

Based on a complex organization, the registries
need considerable professional and technical
resources. Furthermore, their role must be well recog-
nized so that their existence and sustainability over
time can be guaranteed.

A long period of registration is needed in order to
obtain reliable survival data. This is one of the main
problems of every registration system: the mainte-
nance of a good coverage and long-term high quality

of collected data – results that cannot be achieved
without motivation and resources.

The relationship with the patient care dimension
characterizes registries established as part of the activ-
ities of FAP referral centers. In these situations, as well
as in population-based registries, the advantages of the
registration system are not evident in the short term,
especially when monitoring rare diseases. Even these
registries can be affected by sustainability problems, as
they are often mantained by the special interest and
strong motivation of individual clinicians. Despite
initial enthusiam, data collection can become an
onerous task that is difficult to maintain over time.
Another problem is the extreme variability in the
contents of the registration, in registries’ organization,
and in the information programs used in data collec-
tion. As these registries are usually not funded by
national or regional authorities, they are generally
supported by the contributions of patients and their
associations, which can give rise to problems of trans-
parency on the one hand, and researchers’ autonomy
on the other. Due to their strong link with the care
dimension, great attention has been paid to the aspects
of active involvement and participation of patients.
This can increase competition between centers for
enrolling a large number of patients, making the devel-
opment of collaborative experiences potentially more
difficult.

Clinical registries are of limited usefulness from a
public health point of view, especially if compared to
population-based registries. One of the main issues is
accessibility of information for stakeholders. Further-
more, attention is usually focused on very specific
topics, which can differ over time as new knowledge is
progressively achieved.

Patients’ mobility between centers and ill-defined
catchment areas affect the possibility of using these
registries to obtain information on the epidemiology
of the monitored condition and its burden at a popula-
tion level.

22.8 Rare Diseases Registries

According to the prevalence criteria adopted by the
European Commission, a disease is defined as rare
when it affects less than one person per 2000 inhabi-
tants in Europe [34], while in the USA a disease is rare
when it affects no more than one in 1250 inhabitants
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[35]. Data derived from several different FAP popula-
tion-based registries put the prevalence of this condi-
tion under the cut-off that defines a disease as rare. As
well as other rare diseases, FAP is challenging from
the point of view of patient care, as it involves
different health professionals, operating both in the so-
called “vertical networks”, constituted by centers of
expertise, and in the horizontal care networks, namely
the primary care setting.

New interest and attitudes towards the care of these
complex patients have been accompanied by the devel-
opment and use of technical solutions aiming to facili-
tate the collection of large amounts of data, while at
the same time favoring interaction between all the
different health professionals involved in a patient’s
care. Recent progress in this field is demonstrated by
the development of registries combining aspects of
population-based registries, useful as epidemiological
sources of data and supporting health planning, as well
as aspects of more clinical registries, collecting data
that are useful in the clinical decision-making process.

In these systems, which can be defined as informa-
tive as they go beyond mere registration purposes,
collected data are those that help and orientate clinical
decision processes regarding individual patients. At
the same time, through the stratification of the infor-
mation generated by different centers, it is possible to
achieve a high level of standardization in diagnostic
and therapaeutic approaches. Furthermore, these
systems, developed as part of specific health policies,
represent the basis for the provision of services and
benefits for patients, an aspect that guarantees their
quality and maintenance in the long term.

As an example, the Italian legislation on rare
diseases represented a valuable opportunity to imple-
ment this kind of information system.

In 2001 a specific law was issued, containing a list
of 331 diseases or groups of disorders defined as rare,
and divided into 13 nosological categories. Familial
polyposis is included in the neoplasms group.

A national network based on referral centers for
diagnosis, treatment, and prevention of rare diseases
was established, together with area-based registers
monitoring all patients. An exemption from specific
healthcare costs was introduced, leading patients
affected by rare disorders to join the surveillance
system in order to achieve the benefits. The experience
of the Veneto Region, in the north east of Italy, with
nearly 4,700,000 inhabitants, is presented. In enforcing

the rare disorders’ national law, specific health policies
and integrated planning strategies were developed in
this area.

An inter-regional network of centers of excellence
for each group of rare disorders was established, and a
unique computerized monitoring system was imple-
mented, allowing diagnosis recording, exemption
leading to benefit entitlement, and case enrolment in
the register. This system connects all the identified
centers of excellence, all the healthcare districts, and
the local pharmaceutical services. In this way a patient
refers, or can be referred by the general practitioner
for instance, to a specific center of the network in
order to have a complete assessment and a timely diag-
nosis. The patient enters the surveillance system after a
specific diagnosis of rare disease has been made, and
this is followed by the exemption issued by the local
health districts. Only in this way can the patient
receive the benefits they are legally entitled to, such as
specific drugs or interventions listed in a personal ther-
apeutic plan defined by the referral center. At the same
time, the patient’s clinical history can be collected and
enriched with the information coming from other
current health data flows, such as the hospital
discharge records, death records, etc.

The information collected by the registry is useful
for epidemiological studies, but also represents the
starting point for supplying services to the patients.
Moreover, it is essential to support specific research
programs. For instance, it is possible to have homoge-
nous subgroups of patients who can be more strictly
monitored.

The registry has enrolled nearly 14,000 patients
with rare diseases. At present, 51 FAP families are
monitored.

From a health-planning point of view, an exhaustive
monitoring system is undoubtedly a very useful
resource. At the same time, the information system
described, based on the registry for rare disease,
clearly differs from a disease registry or from a
registry set up to produce mere epidemiological data.
The added value relies on the fact that it represents an
essential part of the healthcare network, connecting
vertical and horizontal care networks, through a
common information tool.

The information system is the basis for the provi-
sion of services for patients, and is designed, in both
content and logic structure, to simplify patients’ care
pathways. In this system, information becomes the
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glue connecting the patient and all the health profes-
sionals who, in different contexts and phases of the
disease, participate in the care process.

22.9 Future Perspectives

The future and the role of FAP registries cannot be
defined without taking into account their influence in
two contexts, which are distinct and at the same time
interdependent: the context of information and that of
culture and attitudes.

With regard to the first, relatively recent progress in
technology has given great impetus to the birth and
development of registries, giving rise to important
open questions concerning the use of the information
collected and generated by these systems. A crucial
aspect is represented by security, which involves tech-
nical, legal, and ethical issues. It is essential to have
knowledge and respect for existing regulations in the
field of data management, and it is also highly recom-
mended that the correct choices are made in relation to
complex technology solutions that ensure a higher
level of protection than the minimum required by law.

Despite technical aspects, major issues in estab-
lishing every registration system are related to how the
information should be organized, with respect to
which priorities, logic framework, and rules. These
three aspects vary in different types of data collection,
as the aims according to which information is
produced can differ. Furthermore, the detail of the
collected information differs, as the purposes of the
registration can be administrative, clinical, or research
ones. According to the experience of the rare diseases
registry, the collected information is that which is
useful in clinical practice and in the care of patients.

Starting from the gathering of basic information,
more complex modules, facilitating patient manage-
ment, for example prescription of drugs, and formula-
tion of care plans, have been progressively added.

A future development will be the organization of
the information using a hierarchical logic, which can
differ according to the phase of disease and type of
patient.

Considering the aspects of culture and attitudes,
FAP registries have represented a unique source of
information on epidemiology and natural course of the
disease. At the same time, they have been, and still are,
essential to define best clinical practices.

While producing new knowledge, they have
strongly influenced attitudes and decisions. The devel-
opment of collaborative networks between clinical
centers, promoting shared methods and common
instruments of data collection, has led to the elabora-
tion of management guidelines. This process, effec-
tively combining experience and research, has made
the best practices, which are already performed in
some centers, available and easily accessible to a
broader audience, with great advantage for patients
and their families.

FAP registries are also key instruments of education
and spreading of knowledge. The collaboration
between health professionals from different back-
grounds, while maintaining their respective compe-
tences, has promoted the development of a multidisci-
plinary approach in patient care. A future perspective
and urgent need is the development and spreading of
knowledge regarding tools and methods that not only
define the clinical diagnosis, but also specifically
assess the healthcare needs of affected individuals. The
healthcare plan, tailored to the patient and designed
according to his/her health needs, is the key instrument
to define the impairment profile and residual resources
in the patient, considered within a precise context and
phase of disease.

Modern registration systems should not only be
tools to be used for designing and monitoring these
healthcare plans, but should also represent the core of
the network connecting centers of expertise – vertical
care networks and horizontal networks, namely the
primary care setting, and the other institutions and
persons involved in the care of individuals with FAP.
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J.D. Roberts (�)
FAPGene, Derby, UK

Abstract This is our personal story of how two senior citizens found out about
familial adenomatous polyposis (FAP) late in life. Circumstances gave us the time to
investigate and understand FAP from a layman’s point of view and also to help others
come to terms with the challenge of FAP.

We recognised the need for uncomplicated information for those affected by FAP
and for a centralised point for this information without the need to scour the internet.
So FAPGene (http://www.fapgene.org.uk) was born. Those searching on the internet
for information about the APC gene which is linked to FAP are most likely to have
found a mass of technical articles often requiring a subscription. We found that a
search for FAP is far more productive to a patient’s needs. Very early on we found
that patients/individuals often made initial contact via email with no further enquiry
after the information they needed was passed on. This is reflected in our article where
FAP is described as a lonely disease. One of the success points shown is our ability to
work with health professionals and not cross that border into providing medical infor-
mation. Again, many patients/individuals were given contact numbers for these
medical questions. The question of whether FAPGene will progress to a true support
group or patient association depends on several things including the age of John and
Mick and their own state of health. At the moment they are fortunately able to
continue improving the scope of FAPGene but the future is uncertain.

Keywords Education • Familial adenomatous polyposis • Forums • Information days •
Support • Websites

Coping with FAP

The Role of Patients’ Associations

John D. Roberts and Mick J. Mason

23

23.1 Introduction

We have been asked to write about FAP patient associ-
ations. Patient associations or support groups, which
we will use interchangeably, can take several forms,

such as a website, an internet forum or a physical
group where people can meet. As Laura Szabo-Cohen
wrote ‘There is no community in more need of support
groups than the FAP population . . . but neither is there
a population more scattered, so we must make our own
arrangements’ [1].

Our own attempt started as a website, and after
three years seems to be turning into a patient-led
support group. This is a result of organising, through
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the website, an FAP Family and Information day at
Swarkestone Sailing Club (Fig. 23.1) in the East
Midlands of the UK. We are pleased to report that we
have just held the third of these events and each one
has attracted an increasing number of attendees.

To demonstrate the need for patient associations we
would like to highlight the need that FAP patients have
for information, and the lengths they usually have to
go to to find it. More especially, we should emphasise
how initially they may prefer to be anonymous; the
need to meet other people with the same condition
develops once they have made contact and come to
understand that there are other people with the same
worries and problems as themselves.

23.2 John’s Story

John’s mother died of bowel cancer in 1970, but it was
not until 1985 when his brother, Edwin (then 39
years), developed polyps in his large bowel, had a total
colectomy and ileorectal anastomosis (IRA), that FAP
was mentioned. John then had an initial examination
with a sigmoidoscope and was declared clear of
polyps. In 1992 his son developed hepatoblastoma,
(a liver cancer) at age 6 years. As there is a statistical
link between hepatoblastma and FAP, it was suggested
that John be checked again, and this time polyposis
was found and later confirmed as FAP. Aged 52 years
he had a total colectomy and an (internal) ileo-anal
pouch was installed. Later, two of Edwin’s three chil-
dren had total colectomies with IRA.

John first started looking for information in 1993

by writing a letter to the journal of the Ileostomy and
Internal Pouch Support Association Group (The IA)
[2], a small number of whose members were people
with FAP looking for support for pouch or ileostomy
problems. This provided two contacts in the UK so
they were able to support each other over the telephone
for several years. Also, a third lady, in Vancouver,
British Columbia, sent a long letter of her experience
and copies of the Hereditary Colon Cancer newsletter.
This enabled John to get on the mailing list for a time
and alerted him to the wide range of problems that
people with FAP can suffer from.

Later in the quest there was contact with Kay Neale
at the St Mark’s Hospital FAP Registry at Harrow,
London. This led to his involvement in the production
of a newsletter ‘Polypost’ for a year or so. A little later,
at a Red Lion Group meeting (another pouch group) at
St Mark’s, Kay told him about Mick, who had set up a
website about FAP, and his experiences. Fortunately,
Mick lived within 40 miles of John and was the first
person with FAP that John had met face to face
locally. Others were family and the four or five people
at the Red Lion Group meeting in London 120 miles
away . . .

23.3 Mick’s Story

In February 2002, at the age of 59 years, Mick was
diagnosed with FAP following colon cancer and a
genetic test in June 1999. He and his wife Ann came
away from the genetic centre worried and confused. If
only they had had something to take home and read, it
would have helped so much.

Early in 2003 the thought of an information website
on FAP crossed their minds, as very little was avail-
able on the internet. They had still met no one else
with FAP but felt sure there must be others in the same
position, almost crying out for information.

APC is the name of the actual gene, but searching in
Google with this only seemed to find rather technical
information. Mick was told he had FAP and it was
genetic, so FAPGene sounded about right as the name
for his new website. Also, he felt patients were more
likely to search for FAP rather than APC.

Mick decided only non-medical information would
be included, and to work with the health professionals
rather than against them. Links to other suitable
websites, personal stories and latest news on FAP

Fig. 23.1 Swarkestone Sailing Club, Derbyshire, UK
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research would also be included.
In late 2004 the website was ready and FAPGene

was launched to the world (http://www.fapgene.
org.uk). There were not a lot of pages but Mick had
managed to add two personal stories – of his own.
These were articles he had written for the IA journal.
The fashion show, his account of his debut as a male
model at an event organised by Stoma Care Nurses at
The Leicester Royal Infirmary, was followed by the
booklet My genetic journey (http://www.fapgene.org.
uk/booklet.html), which speaks for itself.

There were four critical moments which really
helped to boost the profile of FAPGene. A small
snippet in a magazine by CancerBackup stated that
having a genetic cancer gene did not mean you would
get cancer. With FAP, cancer is almost certain to
develop without major preventative surgery. A phone
call to CancerBackup was well received and resulted
in Mick’s name being forwarded for involvement in a
joint Department of Health and Macmillan Cancer
Support Genetics Partnership Programme [3]. This
was the second critical point which eventually led to a
very receptive audience for promoting awareness of
FAP and the FAPGene website.

In 2005 the website was having visitors in a steady,
if not spectacular, stream. Details had been forwarded
to all and sundry with little in return. This was until the
third critical moment came, when Mick received a call
from Kay Neale at the Polyposis Registry at St Marks
Hospital in Harrow.

Kay had seen the website and invited Mick to meet
her staff. His idea of eventual family information days
was something the registry had thought about in the
past. However, a lack of time and resources had been a
major stumbling block. Mick left with high hopes that
the Polyposis Registry would soon have their first
event, while he felt FAPGene’s was still a few years
away.

The final critical moment for Mick was when Kay
put him in touch with John Roberts who lived in
Derby. They had exactly the same views about the
need to raise awareness of FAP and organise
family/information days.

It sounds so simple, but Mick was a little sceptical
at first when John mentioned holding the first event
the following March of 2006 – not only that, but with
quite high-profile speakers.

The rest is history as they say, and is well docu-
mented in other parts of the article and perhaps best

left to John. Mick added that a combination of things
had helped to make FAPGene successful rather than
anything major. To hold their first family/information
day in 2006 just months after the first one at St Marks
was a great achievement. They felt that they had
finally arrived.

23.4 Forums

The following explains why FAPGene does not have
its own internet forum. Initially, there were security
concerns, and also if there is a forum in a country with
a small FAP population it is best to share one rather
than compete.

23.4.1 FAPGene and the IA

With many more people now on the internet, it is not
surprising that discussion forums are so popular. A
forum at FAPGene seemed an obvious move.

Mick decided to use a ready-made product from the
website host. Within days, literally hundreds of post-
ings appeared with almost every one giving direct
links to questionable websites. This was totally unac-
ceptable and the venture had a premature ending.

Mick enquired of the IA if a section on their forum
could be made for FAP patients. Several members of
The IA had FAP, but at first the administrator thought
FAPGene was better providing its own. He said he
would help in any way possible in setting up a more-
secure forum. In September 2004, however, a young
lady in Scotland also expressed an interest, which trig-
gered a change of heart and saw an FAP section
provided by the IA. Within weeks it blossomed, and to
avoid any duplication it was decided to provide a
direct link from and to FAPGene. This also helped to
promote the FAPGene website itself.

There were many topics raised but a small number
of replies in comparison to the number of views. This
seems to prove Mick and John’s own theory that many
patients with FAP are content to find information
anonymously and without committing themselves to
any form of membership.

There are also other forums available, generally
American based but with an international user list.
Several of our members have also used Facebook on
the internet (Table 23.1).
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23.5 Organisation of FAPGene

How is http://www.fapgene.org.uk organised?
Basically Mick and John find information about

FAP which they think other FAP sufferers may find
interesting, and add it to the website. Sometimes this is
a link to a particular website, or a reproduced article if
permission is obtained.

The knowledge they gained from doing this and
their experience on medical support group information
days (IA and Red Lion Group) gave them the confi-
dence to form a support group. In this, they were
supported by Kay Neale, of the St Mark’s Hospital
Polyposis Registry, and other professionals, without
whom they perhaps would have not been successful.

Prior to the first 2006 information day, a small
committee with Mick as treasurer/secretary (Fig. 23.2),
John as chairman (Fig. 23.3), and Mick’s wife Ann as
a committee member, was formed in order to open a
bank account; this allowed them greater flexibility.

However after listening to Wolfram Nolte, Vice Presi-
dent of Familienhilfe Polyposis coli e.V. at Swarke-
stone in 2008, who spoke of their 250 members
throughout Germany, they realised that with FAPGene
there is no formal review of what they are doing as
there are no actual members. (One could say they must
be doing something right as people do return to their
yearly meetings.)

Therefore, they aim to formalise an idea that Mick
had whereby payment for attendance at the informa-
tion day also includes a year’s membership to the
group. An AGM could be held at the start of the infor-
mation day, which would allow the members to
increase participation in the running of FAPGene.
They also feel that they have to consider what will
happen to FAPGene in its present form if they find that
they cannot continue to run it themselves. They are
both retired and although committed to continue for
the foreseeable future, when the inevitable happens
they would both wish that FAPGene carries on and
continues to develop.

FAPGene has been fortunate to receive several
donations from individuals over the past two years.
These donations, with the registration fees
(7.50//£6.00) from the Swarkestone family/informa-
tion days, have given them an annual budget of around
375€ (£300). The funds now provide for a buffet

Table 23.1 Forum statistics

Topic name Replies Views

Desmoid tumours 221 5577

Duodenum polyps 80 2784

General chat 33 1204

Information days/support 67 1717

Cancer after surgery 23 623

26 June 2008, total topics 103 854 21,000

Fig. 23.2 Mick Mason, Founder Fig. 23.3 John Roberts, Chairman
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lunch and a donation to Swarkestone Sailing Club in
lieu of a hire charge.

Whereas the family/information days are mainly
John’s domain, Mick provides the website expertise
on a voluntary basis, and internet costs are 35€

(£28.00) per annum.
The extra income this year already ensures they

have the funds in place to support all their costs for
2008/2009.

23.5.1 Education/Research

Mick’s contacts with CancerBackup and Macmillan
led to invitations to speak to groups of professionals
and people in training. Recently, Mick and John gave a
presentation to a group of nurse students on a masters
course, which was well received. Tony Farine, who
organised the occasion at Nottingham Medical School,
sent the following comments, ‘Thank you so much for
your time and also the presentation. I think that the
talk went very well’. FAPGene has also been active in
promoting the ‘Family Talk’ project at the School of
Health Sciences at Birmingham University [4].
‘Family Talk’ is a research project that hopes to find
out more about families’ experiences of living and
coping with certain types of illness or disability, and
how it is discussed amongst family members. Dr
Alison Metcalfe, the project lead, gave an overview of
its progress at Swarkestone 2008. Also at the same
Information Day Dr Emma Tonkin gave a talk on the
NHS National Genetics Education and Development
Centre’s resource, ‘Telling Stories: Understanding
Real Life Genetics’ [5]. This has been developed to
illustrate the impact and utility of genetics on real-life
health care. Later, she emailed to say, ‘My thanks go
to Mick and John for allowing me the opportunity to
talk. I found the day really interesting and learnt a lot’.

FAPGene finds it interesting that patient stories can
be used in different ways, first to explain the dynamics
of communication within the family, and second to
record patient experience and use it in a teaching expe-
rience for professionals using a website.

Research is a subject that most people affected by
FAP are interested in, one of the main concerns being
the ability to have children who are free of FAP. This
is now possible with current UK laws on preimplanta-
tion genetic diagnosis [6].

In 2006 SLA Pharma, a pharmaceutical company,

gave a talk at Swarkestone on Alfa Capsules
containing omega-3 The company also then printed
500 copies of Mick’s My genetic journey booklet for
FAPGene, which has been used to raise awareness of
FAP around the UK.

23.5.2 Family/Information Days

These days are arranged around four main speakers.
There are local speakers in the morning with the first
giving a general outline of FAP and its history; this is
followed by a specialty speaker.

In the afternoon there are speakers from St Mark’s
Hospital, Harrow and London. One of these is gener-
ally Kay Neale, Nurse Specialist in Polyposis and
manager of the Polyposis Registry talking about
genetics or various complications of FAP. This year
Miss Sue Clark, a consultant surgeon, spoke about
which operation to carry out for FAP patients. She
also, answered questions about desmoid tumours as
several of those present had this problem (Fig. 23.4).

The simple design of the building, which accom-
modates 50 people, allows attendees to mingle and
exchange information and also to encourage each
other. This is enhanced by a structured programme,
which also includes free time for extra discussions.

23.6 Conclusion

There is a need for another channel for FAP informa-
tion other than the usual medical one. The size of the
problem is more than can be comfortably dealt with in

Fig. 23.4 Family day, Swarkestone 2008
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the consulting room; one could say it is almost a
degree-level course in its own right. While the website
is a good first move, information days have provided
an environment where clinicians and patients join
together to gain knowledge, while allowing patients
the chance for face-to-face meetings with their peers.

The strengths of FAPGene include the respectability
it has gained from many professionals and professional
bodies. Also, despite having no formal membership as
yet, an increasing number of people are interested in
adding their own personal stories.

Another strength of FAPGene is that it is mainly
promoted though its website, and as such is available
to almost everyone worldwide. It is an ideal place to
advertise both the FAPGene and St Mark’s Hospital
annual information days for those people who wish to
meet face to face. Before John and Mick helped to
generate enough confidence that an information day
would be well attended, there were none; now there
are two a year in the UK – one in London and one in
the Midlands. Prior to 2005, contacting FAP patients
directly in the UK had to be through the medical
profession. Now there are two patient groups, who
work together to inform, educate and support people
with FAP.

23.6.1 Personal Note – Mick

I feel that perhaps FAPgene has progressed as far as is
possible with John and myself. Our website and family
information days are a success and have undoubtedly
helped many people over the past three years. I have
no doubts that this will continue for a number of years
but with the uncertainty over other effects of FAP I
feel it is wise that we do not try and expand into some-
thing that will detract from what we do successfully.

My own future health is governed by any changes
in the many duodenum polyps I have. There are too
many to remove and any surgery which might be
needed would certainly restrict my involvement with
FAPGene. I do feel fortunate that I have escaped
lightly in the past compared to some. This is one
reason I have been able to cope with FAP and start
FAPGene. To actually search for information while
suffering from major problems would have been an
impossible task for many people myself included.

It is therefore my hope that others will read this
article and build on what John and I have started. The

number of people that attend a family/information day
is not important. What is important is the number that
go away with new information and a realisation that
others are in a similar position, and an understanding
of how they manage to cope.

23.6.2 A Professional’s Comment

This wonderfully informative and friendly website
started as a result of a real need for information and
support specifically for people whose lives have been
touched by FAP. The great success of FAPGene
speaks for itself; it has brought together an ever-
expanding group of people and enabled them to
share experiences and information through both the
internet and the family days. Members come from
all over the UK and beyond to give and receive
support and, perhaps most importantly, take some
comfort from the realisation that they are not alone in
coping with all that FAP throws at them. I thoroughly
recommend this excellent site and all it has to offer,
and congratulate Mick and John for developing such a
valuable resource (Dr. Andrea Pithers, Trinity Health
Innovations Ltd, andrea.pithers@thihealth.co.uk).

23.6.3 Comment from Jo Aston (Patient)

Jo visited the Swarkestone Family/Information Day
for the second time in March 2008:

Hi John & Mick

Once again thank you for a very informative
day! I really enjoyed it and know my family did
too. I particularly enjoyed chatting to other
people and especially people I recognised from
last year. I particularly enjoy finding out about
other families’ circumstances, tips for coping
etc.

The idea of paying a yearly membership is a
good one – it was a thought I had too when
listening to the gentleman from Germany.
Newsletters would be good too, it would
certainly keep us informed of developments
throughout the year. Good ideas!
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The amount of work you two put into the day is
obvious. I hope you got as much out of it as we
did.

Since Saturday we have contacted Gill Plum-
ridge with regard to the Family Talk Project
and hope to help out with that. We have also
contacted West Midlands Genetics Service
with regard to repeat testing for the members of
our family who had received a negative result
(this was after advice given on Saturday by Kay
Neale). We are also looking at information for
the children in our family (in response to the
information from yourselves with regard to the
booklet).

So in all it was a very productive day for our
family!

If there is anything at all we can do to help –
please email one of us.

Thanks again – take care!

Jo Aston

Further Resources

• Cancerbackup (charity providing cancer/genetic
information): 3 Bath Place, Rivington Street,
London, EC2A 3JR, UK.
Tel: +44 (0)20 7696 9003; fax: +44 (0)20 7696
9002; website: www.cancerbackup.org.uk

• Familienhilfe Polyposis Coli e.V.: Am Rain 3a,
36277, Schenklengsfeld, Germany.
Tel.: +49 (0)6629 1821; fax: +49 (0) 6629 915193;
email: info@familienhilfe-polyposis.de; website:
www.familienhilfe-polyposis.de

• Ileostomy and Internal Pouch Support Group:
Peverill House, 1–5 Mill Road, Ballyclare, County
Antrim, Northern Ireland, UK.
Tel: +44 (0)800 0184724; fax: +44 (0)28 9332
4606; website: www.iasupport.org

• Macmillan Cancer Support (cancer support and
campaign charity): 89 Albert Embankment,
London, SE1 7UQ, United Kingdom.

Tel: +44 (0)20 7840 7840; fax: +44 (0) 20 7840 7841;
website: www.macmillan.org.uk

• NHS National Genetics Education and Develop-
ment Centre: Morris House, Birmingham Women’s
Hospital, Edgbaston, Birmingham, B15 2TG, UK.
Tel: +44 (0)121 623 6987; website: www.genet-
icseducation.nhs.uk

• Polyposis Registry: St Mark’s Hospital, Northwick
Park, Watford Road, Harrow, Middlesex, HA1 3UJ,
UK.
Tel: +44 (0)20 8235 4270; Fax: +44 (0)20 8235
4278; website: www.polyposisregistry.org.uk

• Red Lion Group (ileo-anal pouch charity):
St Mark’s Hospital, Watford Road, Harrow HA1
3UJ, UK. Website: www.redliongroup.org/j/index.php
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