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ABSTRACT
Colorectal cancer (CRC) is a disease with a high and rising incidence in the industrialized
countries. It is the third leading cause of death among cancers in Sweden and the forth
worldwide. Important etiological factors are both environmental and lifestyle as well as
heritable factors. Familial adenomatous polyposis (FAP) and Lynch syndrome (LS) with
known mutations in single high-penetrance genes account for 2-4% of the CRC cases, leaving
a large group with familial clustering of CRC without known genetic background. In the
majority of cases, CRC seems to be preceded by a benign lesion, the adenoma, which can be
detected and removed during a colonoscopy, making prevention feasible. For FAP and LS
there are well-established endoscopy prevention programmes, but for the large group with
familial clustering these programmes have to be evaluated and risk profiles have to be
identified.
In an attempt to determine the prevalence of colonic neoplasia in the normal population with
average risk for CRC, 745 randomly selected individuals aged 19-70 volunteered for a
colonoscopy. One in ten had an adenoma and 2.8% had an advanced lesion but no cancers
were discovered. The results may provide a control population for further studies (Paper I).
In a European multi-centre study, colonoscopy surveillance in 530 families with familial CRC
with a dominant family history of CRC was evaluated. At baseline, 22 (1.4%) prevalent
asymptomatic colorectal cancers were diagnosed, 120 (7.6%) individuals had high-risk
adenomas and 225 (14.2%) simple adenomas. Interval cancers, more often seen in individuals
that have had multiple adenomas, were infrequent, but the incidence of high-risk adenomas
and multiple adenomas was high during surveillance. The study resulted in a suggestion of a
screening interval of five years, that would be shortened if multiple and/or advanced
adenomas occurred (Paper II).
The findings at the screening colonoscopy in a population with increased risk of CRC due to
family history were compared to the control population in Paper I. The risk population was
stratified into four groups: LS, FCRC, TCR and OCR. In LS, 30% of the individuals had
adenomas and 10% advanced adenomas. The corresponding figures in the other three risk
groups were 14-24% and 4-7%, compared to 10% and 3% in the control group. In three of the
four subgroups, the relative risk for adenomas as well as for advanced adenomas was
significantly higher than in the control group. Individuals with a family history of colorectal
cancer had high prevalence and cumulative risk of adenomas and advanced adenomas,
indicating that colonoscopy screening is beneficial in this population (Paper III).
In a cohort with an at least twofold increased risk of CRC due to family history, the impact of
various family history variables on the prevalence of adenomas and advanced adenomas was
assessed. Furthermore, the association between findings at the first colonoscopy and risk of
future lesions was studied. The most important risk factors for advanced lesions including
cancer at the screening colonoscopy were the number of first-degree relatives and a young
family member with CRC. Finding of simple adenomas or hyperplastic polyps at the
screening colonoscopy did not seem to predict for subsequent advanced adenomas or cancers
(Paper IV).
Key-words: familial; colorectal cancer; colonoscopy; surveillance; advanced adenomas;
adenomas; hyperplasic polyps
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PAPER I-IV
Questions in “recovery points” – for explanation go to page 29:
1. “How do you feel about knowing that you have an increased risk of CRC?”
2. “How did you experience the colonoscopy exam?”

extremely relieved”

INTRODUCTION

There are two phenomena in life that we all must relate to: We will all die some day and we
must all make choices. The causes of death differ between different parts of the world but
depend also on gender and age group. In the European Union, cancer is the second leading
cause of death after cardiovascular disease. In fact, before the age of 65, cancer is the most
common cause of death (1). Colorectal cancer (CRC) is the third leading cause of death
among cancers in Sweden and the forth worldwide (2, 3). Incidence in CRC is rising,
especially in the developed countries. Of those who are afflicted by CRC, about 50% are
expected to die from the disease. One third of the CRC cases are considered to be attributed to
heritable factors (4). In a few percent of the cases, high penetrant germline mutations are
identified, and for this high-risk group there are well-established colonoscopy screening- and
surveillance programmes. In the majority of the familial cases, no mutations are so far
identified, thus the management of each individual has to be based on the empirical risk.
In the majority of cases, a benign lesion, an adenoma, precedes the CRC. Detected adenomas
are often removable during a colonoscopy, a cancer preventing measure. Due to this, and to
the high incidence of CRC, screening for CRC in the average-risk population is implemented
in many countries, and there is evidence that morbidity as well as mortality is substantially
reduced by screening procedures (5). In families where clusters of CRC are seen, screening
and surveillance by colonoscopy is recommended, but recommendations on starting age and
examination interval remain to be elucidated.
In addition to the heritable factor, both lifestyle and environmental factors are considered to
influence the pathogenesis of CRC. These factors may not only affect the risk of morbidity
but also the prognosis of survival after a CRC diagnosis. An important task for health care is
to communicate these risks in an understandable way, and to motivate individuals to make
changes in their lifestyle. For individuals with increased risk of CRC, it is of importance to
motivate their participation in prevention programmes with regular colonoscopies. In times of
limited financial resources, it may be necessary to demonstrate that these groups have a
pronounced benefit from colonoscopy prevention programmes, and therefore should be
prioritized.
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The principal aim of this thesis is to analyse the possible benefit of colonoscopy surveillance
in order to decrease colorectal cancer morbidity and mortality in risk groups due to family
history of CRC. An intension is also to highlight that there are fields where the choice of
lifestyle can influence the CRC risk. We will all die, but what we die from may be effected by
choices in life.

COLORECTAL CANCER
Epidemiology
Worldwide, colorectal cancer (CRC) is the second most commonly diagnosed cancer with
metastatic potential in women and the third most common one in men (6). In Sweden, 6372
individuals were afflicted in 2012; of these 3339 were men and 3033 women (7). The
incidence varies in the world; the highest figures are reported in Australia, New Zeeland,
North America and Europe and the lowest ones in Africa and Southern and Central Asia (8).
Among the countries in Europe, there are widely different incidence figures. For example, in
2012 the age-standardized rates (per 105 person-years) of CRC incidence for men were 87 in
Hungary and 92 in Slovakia compared to 25 in Greece (9). There were significant differences
even between Nordic countries; for men the rates were 49 for Sweden and 69 for Denmark
(9). The large variation of incidence levels may partly be explained by different prevalence of
obesity and different patterns of physical activity among the countries (10). Other
explanations might be different smoking (11) and diet habits in different countries. Still
another explanation might be interaction between genetic and environmental factors (11).
In 2012, the reported global mortality rate in CRC was 693,881, and thereby CRC was the
fourth leading cause of cancer death (3). Geographical patterns of mortality partially follow
incidence, although a few countries with relatively low incidence rates (Moldova, Russia,
Montenegro, Poland and Lithuania), have high mortality rates (9). In 2013 the annual
mortality rates in Sweden were 29.2/105 in men and 27.5/105 in women, resulting in 2718
deaths that year (7). Differences in mortality rates might be attributed to variation in lifestyle,
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as well as CRC screening efforts being implemented to varying degrees in different countries
(12).
Risk factors
Risk factors for CRC include both random environmental effects – causes that can be
modified – and heritable factors. According to the Nordic twin study, 35% of the CRCs are
estimated to have a potentially identifiable genetic cause (4). In addition to increasing age and
family history of CRC, which up to now are considered the strongest risk factors, several
others may be of importance. In the review of risk factors below, the impact on CRC as well
as on advanced adenomas, being a precursor of CRC, will be considered.

Smoking

A positive correlation between smoking and colorectal adenomas has long been observed
(13), but data on smoking and CRC have not been evident. Lately, epidemiological studies
have reported that smoking not only seems to increase the incidence of CRC, but also might
be associated with worse outcome following the diagnosis of CRC (14). Furthermore, in a
study by Lieberman the odds ratio (OR) for CRC development for current smoking was 1.8
(CI 1.3-2.6) (15). These data were in line with a recent meta-analysis which suggested that
cigarette smoking is associated with an increased risk of both colon and rectal cancer, and the
magnitude of the association seemed to be stronger for rectal cancer than for colon cancer
(16).

Alcohol

In a meta-analysis of cohort studies, an association between moderate to heavy daily use of
alcohol and CRC was noted (17). After adjustment for main confounders, such as sex, age,
smoking and body mass index (BMI), the relative risk (RR) for moderate drinkers compared
to non-drinkers was 1.21 (95% CI 1.13-1.28). No convincing data that alcohol would affect
the prognosis of CRC was reported (17).
Obesity

Data in a recent meta-analysis indicate that there was a strong association between CRC and
obesity (BMI>30 kg/m2) in men with relative risks ranging from 1.4 to 2.0 (18). For women
the association was weaker with a significant association between CRC and obesity only in
two of three studies (RR=1.06-1.24). Furthermore, in men it seemed to be an increasing risk
with increasing BMI (19). Factors that may explain the role of obesity in the development of
9

CRC are most importantly insulin resistance but also increased production of insulin- (IGF-1)
and endothelial growth factors, and varying levels of several cytokines in the adipocytes may
contribute (20). Visceral fat (“male obesity”) seems to be a more important risk factor
compared to subcutaneous fat, which could be an explanation for gender difference (18).

Diabetes mellitus

In a meta-analysis of 41 cohort studies in North America, Europe and Asia it was observed
that individuals, both women and men, with diabetes mellitus type 2, had compared to nondiabetic individuals a summary relative risk (SRR) that was 1.27, 95% CI: 1.21-1.34 for CRC
(21). In the same study, the SRR for mortality in CRC was 1.20, 95% CI: 1.03-1.40. Notably,
these figures were controlled for confounders such as geographic location, sex, family history
of colorectal cancer, smoking, physical activity and BMI. Thus, diabetes mellitus seems to be
an independent risk factor for CRC, not merely connected to the metabolic syndrome in
obesity (22). The biological mechanisms might be related to the effect of insulin and insulinlike growth factors (IGFs) axis on cellular growth and proliferation. Insulin/IGFs axis would
trigger intracellular cascades with mitogenic and antiapoptotic effects, that are proposed to be
involved in the development and progression of cancer (23).

Physical activity

Several studies have noted an association between increased physical activity and decreased
CRC incidence. In a systematic review by Wolin et al, there was an indication that a physical
active lifestyle reduced the risk of CRC by 24% compared to a sedentary lifestyle (24).
Suggested mechanisms were reduced insulin levels, increased insulin sensitivity and
decreased adipose tissue volume, leading to a reduction of chronic systemic inflammation.
Furthermore, in another systematic review by the same author, it was observed that the
physical active group had compared to the sedentary group a 16% reduction in the incidence
of colonic adenomas and a 35% reduction in the incidence of large colonic polyps (25).

Dietary factors

High intake of red meat and processed meat (26), low calcium intake (27), low folate intake
(27) and high intake of refined grains and starch (28) are factors that may be associated with
an increased risk of CRC. Regarding read meat, there are studies indicating that processed
meat – such as sausage and sandwich meat – are most important for the increased risk. In a
Norwegian study of women, the risk of CRC, both left-sided and right-sided cancer, was
10

about doubled when comparing high intake versus low intake of processed meat (29). Based
on reports on red meat intake and CRC risk from the World Cancer Research Fund, the
National Food Agency in Sweden recommends that the red meat consumption should not
exceed 500 grams per week (30). Apart from that, data are inconclusive and no consistent
association between individual dietary components and CRC outcome has been observed in
the survival studies (31). Some authors suggest that dietary patterns – Mediterranean versus
Western diet - rather than individual foodstuffs contribute on the development of CRC. The
Mediterranean diet is proposed to be more beneficent than the Western diet (28).

Postmenopausal hormone treatment (HRT)

Even though postmenopausal women have caught up with the risk of CRC in men, an inverse
association between use of postmenopausal hormone treatment and risk of colorectal cancer
has been observed. Postmenopausal hormone use is associated with a decreased risk of
colorectal cancer (multivariate RR, 0.65; 95% CI, 0.50 – 0.83) (32). On the other hand,
among women who are treated with postmenopausal hormones the risk of breast cancer, as
well as cardiovascular disease, increases.

Anti-inflammatory drugs

The role of aspirin (ASA) as chemoprevention for cardiovascular disease is well documented
(33). As a spin-off effect from those studies, it was noted that ASA seemed to reduce the risk
of CRC. Rothwell et al (34) has compiled the long-term follow-up data (20 years) on cancer
outcomes in several randomized trials of ASA which originally were designed to examine the
effect of ASA on cardiovascular disease prevention. In this study, the greatest benefit was
observed for proximal colon cancer where a daily low-dose aspirin for at least five years
reduced the cancer incidence and mortality by 70% (Hazard ratio (HR) = 0.35, CI 0.20-0.63
and HR = 0.24, CI 0.11-0.52). Furthermore, in a review by Chan et al epidemiological studies
have suggested an inverse association between ASA use and sporadic CRC (35). In the study
by Rothwell it was observed that daily ASA for at least 5 years reduced the 20-year overall
risk of CRC by 32% and the 20-year mortality by 43% (34). Despite this, there are no
recommendations for ASA as primary prevention of CRC in the average-risk population,
mainly because the risks of bleeding complications compared to the benefits in CRC
prevention have not been evaluated enough.
The CAPP2 study was the first randomized controlled trial with cancer prevention as a
primary aim. For patients with Lynch syndrome, it was observed that ASA treatment for at
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least 2 years reduced the risk of CRC by >50%, lasting 5 years after randomization and after
ASA had been discontinued (36). The CAPP3 study, which intends to evaluate the optimal
dosage of ASA, 100, 300 or 600 mg daily, will be started by the end of 2014 (37).

Classification and prognostic factors
Colorectal cancer can be classified based on tumour cell characteristics, including
morphology, on molecular pathways and mutation status, on cell-origin and on gene
expression-based methods. The most robust and for decades employed classification of CRC
is the TNM-system (38) by the American Joint committee on Cancer (AJCC), where the local
tumour (T), regional lymph nodes (N) and distant metastases (M) are regarded. Furthermore,
it includes an optional classification concerning the invasion of the tumour: lymphatic
invasion (L) and venous invasion (V).

Classification of local tumour regarding invasion depth:
T0 No primary tumour detectable
Tis Invasion in the mucosal layer not beyond muscularis mucosae, also called
carcinoma in situ
T1 Invasion of submucosa
T2 Invasion of muscularis propria
T3 Invasion of subserosa or into non-peritonealised pericolic or perirectal tissues
T4 Invasion of other organs and structures and/or perforation of visceral peritoneum
Classification regarding regional lymph node metastasis:
N0 No lymph node metastasis
N1 Metastasis in 1-3 regional lymph nodes
N2 Metastasis in four or more regional lymph nodes
Classification regarding distant metastasis:
M0 No distant metastasis
M1 Distant metastasis
There are further, even more detailed sub-classifications that are not covered here. A
simplified TNM-classification is summarised in Table 1.
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Table 1: TNM-classification of tumours in colon and rectum
Stage

Invasion-depth

Regional lymph nodes

Distant metastases

Stage 0

Tis

N0

M0

Stage I

T1, T2

N0

M0

Stage II

T3, T4

N0

M0

Stage III

Any T

N1, N2

M0

Stage IV

Any T

Any N

M1

The prognosis for the patient is most often measured by five-year survival after the cancer
diagnosis. The five-year survival is often given as the five-year cancer specific survival rate,
where the crude rate is adjusted for competing risks of death. This is important in older
populations where death from for example cardiovascular disease plays an important role. The
prognosis is strongly dependent on the tumour stage, so that Tumour Node Metastasis (TNM)
stage as well as L and V classifications are considered important basic prognostic factors.
Examples of additional prognostic factors are tumour grade (well, moderately or poorly
differentiated), tumour budding (39), tumour-border configuration (40), perineural invasion
(40) and perforation (41).

CRC may also be classified through molecular pathways: chromosomal unstable (CIN),
microsatellite unstable (MSI) and CpG island methylator phenotype (CIMP). These pathways
seem to have prognostic implications; for example MSI-high tumours (15% of CRCs) are
observed to have a more favourable prognosis compared to chromosomal unstable tumours
(42). Yet another way of characterization is through mutation analysis of acquired mutations,
for example APC, KRAS, TP53, BRAF and NRAS. Mutation analyses may mainly be used for
predicting response to monoclonal antibody therapies in a few, well-selected cases (43).
The prognosis of the cancer is not merely dependant on different tumour characteristics but
also on the immune response of the patient. The host-tumour interaction is considered to play
a role for the clinical outcome (44). The presence of immune infiltrates with cytotoxic and
memory T cell phenotype is considered beneficial in the outcome. Approximately 25% of
TNM I/II stage colorectal cancer (CRC) patients relapse early and have a rapid tumour
progression with a short survival, and there are reports that this subgroup could be ascribed to
13

the absence of immune infiltrates in the tumour (45). Despite an early cancer stage, these
patients seem to benefit from adjuvant chemotherapy (46).

Treatment
The management of CRC patients is ideally multidisciplinary and includes the fields of
surgery, oncology, radio/oncology, gastroenterology and pathology.
Surgical treatment

Curative surgical treatment strives to be radical for stage I-III tumours. For stage I and most
stage II colonic tumour surgery is often employed as the only therapeutic treatment. The
strategy is resection of the tumour-bearing segment en-bloc together with the mesentery and
the regional lymph nodes. In rectal cancer surgery, the golden standard is total mesorectal
excision (TME), where the whole mesorectal fat, including lymph nodes, is excised. It is
important to have sufficient free margins of the tumour in the resection line. A free
circumferential resection margin (CRM) is in rectal cancer surgery considered as the most
important prognostic factor for local recurrence; the five-year local recurrence rate was
observed to be almost doubled with involved compared to uninvolved CRM (47). Of major
importance is to harvest as many lymph nodes as possible – a minimum of 12 lymph nodes is
considered acceptable. For staging a cancer as N0, 12 to 15 lymph nodes have to be examined
and be free from metastasis.
Preoperative treatment

Individuals with T3 and T4 rectal cancer are treated with preoperative radiotherapy in order to
reduce the risk of local recurrence. In a randomized control trial from 1984 it was observed
that preoperative radiotherapy reduced the five-year local recurrence by 50% but did not
affect the five-year survival (48). In advanced cases with T4 cancer, a combination of
radiation and chemotherapy preoperatively is often preferred.
Postoperative treatment

Adjuvant chemotherapy is considered to reduce recurrence for patients with stage III colonic
cancer, presumably by eradicating micrometastases. Some patients with stage II colonic
cancer with less favourable prognostic factors, such as poorly differentiated tumours or
tumours with venous or pernineural invasion, are also recommended treatment with adjuvant
chemotherapy (49).
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MOLECULAR GENETICS
Molecular pathways
The molecular pathways describing carcinogenesis in CRC are complex. One key word for
CRC carcinogenesis is genomic instability. CRC is a multi-pathway disease and can be
characterized by molecular abnormalities: Chromosomal instability (CIN), Microsatellite
instability (MSI) and CpG Methylator Island Phenotype (CIMP). The pathways are not
mutually exclusive – some tumours exhibit features of more than one pathway (50). These
pathways may explain sporadic as well as familial cancers.
Chromosomal instability pathway (CIN)

Chromosomal instability is considered the most common cause of CRC and is observed in 6570% of the sporadic cancers. This pathway was described by Vogelstein as the adenomacarcinoma sequence (51). It is characterized by a gain or loss of whole chromosomes or
chromosomal regions taking part in the process of CRC carcinogenesis. The consequences are
an imbalance in chromosome number (aneuploidy), chromosomal genomic amplifications and
a high frequency of loss of heterozygote (LOH). With current knowledge, the most frequently
mutated somatic genes are the APC-and K-RAS oncogenes (52). The conventional colorectal
adenoma is considered a precursor of this pathway.

Microsatellite instability pathway (MSI)

Microsatellites are short repeated nucleotide sequences that are spread over the genome. They
are prone to replication errors that usually can be corrected by the DNA mismatch-repairsystem (MMR). When a germline mutation is present in an MMR gene, these replication
errors can be seen by analysing microsatellite markers. If instability is present in at least two
out of five analysed markers the tumour is considered microsatellite instable (MSI) (53). The
most important MMR genes are MLH1, MSH2, MSH6 and PMS2. Coding repeats that are in
risk of replication errors are seen in the long list of genes dealing with DNA-repair, apoptosis,
signal transduction and cell division (54). A germline mutation in one of the MMR genes is
the genetic background for Lynch syndrome, whereas somatic mutations, predominantly in
MLH1, are seen in 15% of the sporadic CRC. A BRAF mutation is frequently present - up to
80% - in sporadic MSI-high CRC but not in Lynch syndrome CRC (55). BRAF mutation is
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observed to be associated with proximal location, higher age, female gender, MSI-H, high
grade of differentiation, and mucinous histology, and it is considered as a marker of poor
prognosis in colorectal cancer (56, 57).

CpG Methylator Island Phenotype Pathway (CIMP)

In this pathway, there is no alteration in the DNA sequence (58). Instead, there are epigenetic
changes in the DNA. The most important change is cytosine-methylation most often occurring
within the CpG islands region around promoter regions near to transcription start sites of
genes. This leads to silencing of transcription of the adjacent gene. If a tumour suppressor
gene is silenced this might promote carcinogenesis. Genes found to be silenced by DNA
hypermethylation include APC, MCC, MLH1 and MGMT, all-important genes in CRC
carcinogenesis. CIMP-high tumours are also often associated with BRAF-mutations (59). The
precursor of this pathway is considered the serrated adenoma, and this pathway is therefore
referred to as the serrated pathway. CIMP-high tumours are seen in 15-20% of the sporadic
CRC.

Diagnostics in genetics
Microsatellite instability (MSI)

Loss of DNA in the mismatch-repair genes causes MSI. By extracting DNA from tumours
and normal tissue and amplifying microsatellite sequences by polymerase chain reaction
(PCR), one can detect (or demonstrate) MSI. MSI serves as a functional test of MMR activity.
Often a panel with five different microsatellites is tested. In MSI stable (MSS) tumours, there
is no evidence of MSI and in MSI high (MSI-H) tumours, MSI is frequent. Most tumours with
mutation in the MMR genes in Lynch syndrome are MSI-H but so are 15% of the sporadic
cancers (60). MSI can therefore serve as a screening-test for Lynch syndrome.

Immunohistochemistry (IHC)

By immunohistochemical staining, using specific antibodies, the presence or absence of
MMR proteins can be detected. IHC, which is a cheap and rapid method, can be done on
formalin-fixed and paraffin-embedded tissue sections from colorectal tumours. If there is a
mutation in MLH1, MSH2, MSH6 or PMS2, there will be a loss in MMR protein expression.
Since the MMR proteins form heterodimeric complexes, there will be different staining
patterns for different mutations. For example, in a MLH1-mutation there will be an absence of
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staining for both MLH1 and PMS2 since the MLH1 protein forms a dimer with the PMS2
protein (Table 2). When using two antibodies for each protein the sensitivity for the analysis
is described to be about 94%, but it may be increased by using four antibodies (61).
Epigenetic mechanisms can be involved in silencing of the MMR genes. A mutation in the
epithelial cell adhesion molecule (EPCAM) gene may lead to silencing of the adjacent MSH2
gene. The MSH2 gene will be structurally normal but the protein will not be expressed on the
IHC (62).

Table 2. Immunohistochemistry protein expression in tumour
when LS is suspected

Protein expression

Indicating mutation in gene

MLH1

MSH2

PMS2

MSH6

+

+

+

-

MSH6

-

+

-

+

MLH1

+

-

+

-

MSH2 (and EPCAM)

+

+

-

+

PMS2
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INHERITED CANCER SYNDROMES

Lynch syndrome (LS)
In 1913, Warthin published a large pedigree of family G, where a heavy clustering of CRC
cases without polyposis was observed (63). Several decades later, in 1966, Henry Lynch
published a paper with two large families, with pronounced resemblance with family G (64).
From these families and several others that were reported, he could describe the cardinal
features of LS. In Lynch syndrome, formerly called Hereditary Colorectal Non-Polyposis
Colorectal cancer (HNPCC), the individuals are predisposed to several forms of cancer, not
only CRC. The most prevalent LS related cancers are CRC with a lifetime risk of 50-80%
and, in women, endometrial cancer with a lifetime risk of 40-60%. Other LS related tumours
include stomach, ovarian, pancreas, ureter, renal pelvis, biliary tract and brain tumours and
also carcinomas of the small intestine, keratoacanthomas and sebaceous gland adenomas (65).
In Table 3, the lifetime incidence of extracolonic cancers in LS carriers is summarized. These
data are pooled from several centres in Europe and US and adapted from Barrow et al (66).
LS is an autosomal dominant inherited syndrome and accounts for 2-4% of all CRC (67).
Though affected individuals develop colorectal polyps to a higher extent compared to
individuals with an average risk of CRC, polyposis is seldom seen. In contrast to FAP, where
the malignant potential of each polyp is low but polyps are numerous, in LS each adenoma
has a high potential of becoming malignant (68). In LS there is by definition a germline
mutation in one of the MMR genes, where mutations in MLH1 account for 50% of the cases,
MSH2 for 40%, MSH6 for 7-10% and PMS2 for 0-1% (69). By linkage analysis, a method to
pinpoint a specific region for a gene causing a monogenic Mendelian disease, the MSH2 gene
was in 1993 localised on chromosome 2p (70), and in the same year another susceptibility
locus (MLH1) was described by Lindblom et al (71). An example of a large LS family is seen
in Figure 1 a). LS diagnosis relies on a thorough family history, tumour testing and genetic
testing. The Amsterdam criteria (72) were developed in the early 1990s with the purpose of
identifying families likely to have LS, but since only 50% of the LS families met these
criteria, the Bethesda guidelines (65) were developed to increase sensitivity (Table 4). The
most common diagnostic strategy is testing CRC tumours for MSI, followed by IHC on
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tumour material and after that DNA sequencing for specific mutations. Once the family
diagnosis is made, gene testing of individuals at-risk is possible.
Typical for LS is the early age at onset of CRC, sometimes as early as in the twenties, but
with 40-45 years as the average age of onset (69). The neoplasms are more often proximally
located compared to sporadic cases. The histology is also described different; cancers in LS
are more often poorly differentiated, with excess of mucinous or signet-cell features, a Crohnlike reaction, and with increased numbers of tumour-infiltrating lymphocytes (73). The
progression from adenoma to cancer seems to be faster for LS than for sporadic cancer, which
may have implications for the surveillance interval (74).
The benefits of colonoscopic surveillance in LS concerning both incidence and mortality are
persuasively documented (75). Initially, the recommendations for surveillance interval were 3
years, but there were indications that a shorter interval with a colonoscopy every 1-2 years
further reduced the cancer risk, so the recommendations today are that surveillance for
mutation carriers starts at the age of 20-25 with 1-2 years interval (67). Subtotal colectomy
with ileorectal anastomosis is advised with the appearance of colon cancer, but prophylactic
colectomy is generally not recommended. There are European guidelines for the management
of CRC as well as other cancers in LS (67). According to these guidelines, the value of
surveillance for other cancers except CRC is still unknown. On the other hand, in female
mutation carriers the risk of endometrial cancer is very high and thereby prophylactic
hysterectomy with or without salpingo-oophorectomy is strongly recommended in whom has
completed their families. In postmenopausal women, prophylactic surgery should include
salpingo-oophorectomy. However, salpingo-oophorectomy in premenopausal women is
associated with various adverse effects such as an immediate onset of menopause, and can
therefore be discussed from case to case.
In the CAPP2 study, it was observed that chemoprevention with aspirin reduced the CRC
incidence in LS (36). The optimal dose of aspirin is not known, and will be determined by the
CAPP3 study, which will start in 2014. Until results from CAPP3, carriers with Lynch
syndrome can now be recommended daily aspirin (76).
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Table 3. Extracolonic Cancer in Lynch Syndrome
Organ

Cumulative lifetime incidence

Endometrial cancer (women)

19-69 %

Gastric cancer

2-19 %

Biliary tract cancer

1-18 %

Urinary tract cancer

1-10 %

Ovarian cancer (women)

3-12 %

Brain cancer

1-4 %

Small bowel cancer

2-7 %

Pancreas cancer
Adapted from Barrow et al (66)

<1 %

Table 4. Guidelines for identifying Lynch Syndrome (LS)
Revised Bethesda guidelines (65)
1. CRC diagnosed in a patient who is younger than 50 years of age.
2. Presence of synchronous, metachronous CRC or other LS associated tumour regardless of age.
3. CRC with MSI-H histology diagnosed in a patient younger than 60 years of age.
4. CRC diagnosed in >1 FDR with an LS related tumour*, one of the cancers diagnosed under
age 50 years.
5. CRC diagnosed in >2FDR or SDR with LS related tumour, regardless of age.

Amsterdam I criteria (72)
1. Three or more family members with CRC. One is an FDR of the other two.
2. Two successive affected generations.
3. One or more of the LS related cancers diagnosed under the age of 50 years.
4. FAP has been excluded.
5. Tumours are verified by pathological diagnosis.

Amsterdam II criteria (72)
1. Three or more family members with LS related cancer*. One is an FDR of the other two.
2. Two successive affected generations.
3. One or more of the LS related cancers diagnosed under the age of 50 years.
4. FAP has been excluded.
5. Tumours are verified by pathological diagnosis.
* LS related tumours include colorectal, endometrial, stomach, ovarian, pancreas, ureter, renal
pelvis, biliary tract and brain-tumours and carcinomas of the small intestine,
keratoacanthomas and sebaceous gland adenomas.
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Familial adenomatous polyposis (FAP)
FAP is after LS the second most common inherited syndrome due to mutations in high
penetrant genes and accounts for <1% of the CRC cases. It has an autosomal dominant
inheritance with a mutation in the APC gene, occurring in 1:100 000 births. In FAP, there is
typically a development of hundreds to thousands of adenomatous colonic polyps during
childhood and adolescence. Without treatment, the lifetime cancer risk is almost 100% with a
mean-age of 40-50 years for the cancer-diagnosis (77). FAP is also associated with adenomas
in the upper gastrointestinal tract, where the risk of cancer is approximately 5%, with the most
common location in the duodenum. Benign extra-colonic features such as fibromas, osteomas
and desmoid cysts are described in 10% of the FAP-patients. Gene-carriers are advised to
have regular sigmoidoscopies from their early teens. When polyposis develops, a colectomy
or proctocolectomy is advisable. Screening of the upper gastrointestinal tract is recommended
from the age of 25-30 (78).
There is also a milder form of FAP, attenuated FAP (AFAP), with fewer adenomas, more
often with a proximal location. The age of onset of CRC is generally higher and the risk of
cancer is lower – the lifetime risk is estimated at 69% (79). The recommendation is to start
surveillance with total iloecolonoscopies every second year from age 18-20 (78).

MUTYH-associated polyposis (MAP)
MAP is a rare autosomal recessive inherited disease caused by mutations in the MUTYH gene
(80). An increased number of adenomas but also right-sided sessile serrated adenomas are
seen in MAP. Colorectal polyposis with 10-100, often right-sided polyps, generally occurs
when the patient reaches the forties; the colonic phenotype often mimics AFAP. The
prevalence and frequency of hyperplastic polyps are increased and duodenal and gastric
adenomas are seen in 17-50% of the patients. Individuals with more than 10 adenomas and
without an identifiable APC-mutation should be suspected to have MAP. There is an
increased colorectal and duodenal cancer risk, but the magnitude of the risk is not exactly
known (81). Yearly colonoscopy surveillance is recommended from the age of 25-35. If a
CRC develops, a subtotal colectomy with an ileorectal anastomosis should be considered
followed by a rectal surveillance 1-2 times yearly (79).
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Peutz-Jeghers syndrome (PJS)
Peutz-Jeghers syndrome is a rare autosomal dominant inherited syndrome, which in 90% of
the cases is caused by a mutation in the STK11 gene (82). Clinically, mucocutaneous
pigmented lesions and hamartomous polyps throughout the gastrointestinal tract, most
frequently occurring in the small intestine, characterize PJS. The gastrointestinal polyps may
bleed and cause anaemia, and they may cause abdominal pain due to intussusception,
infarction or obstruction. Symptoms usually arise in childhood or adolescence. There may be
a small risk of the hamartomas becoming malignant, but more importantly there is an
overrepresentation of gastrointestinal, gynaecological and breast cancer in this population
compared to a normal population. There are recommendations both for cancer-screening
measures and for dealing with symptomatic and non-symptomatic polyps (83).

Juvenile polyposis syndrome (JPS)
The Juvenile Polyposis syndrome is a rare autosomal dominant inherited syndrome
predisposing for colorectal and gastric cancer. Two germline mutations causing the disease in
40% of the cases are identified: SMAD4 and BMPR1A (84). In JPS, there is a predisposition
for hamartomous polyps throughout the gastrointestinal tract, and these can cause bleeding,
intussusception and diarrhoea. Polyps develop from infancy through adulthood, although most
of the individuals have developed polyps by the age of 20 years. The lifetime cancer risk
ranges from nine to 50% (85), mainly due to colon cancer, but also cancer in the stomach,
upper GI tract and pancreas. Colonoscopy surveillance with endoscopic polypectomies is
recommended in gene carriers, and often surgery with colectomy or gastric resection is
needed (86).

Serrated polyposis syndrome (SPS)
SPS is a colorectal cancer syndrome first described in the late 1970s, but it is still not very
well characterized. The prevalence is estimated at 1:3000, but serrated lesions are more easily
missed than traditional adenomatous lesions, so the prevalence might be underestimated (87).
Nearly half of the patients with SPS have a relative with CRC. Although a family history in
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SPS is common, no gene mutation causing the syndrome has yet been described, despite
intensive efforts (88). Therefore, the diagnosis has to rely on the phenotypic appearance.

The WHO clinical diagnostic criteria (updated 2010 (89)) for serrated polyposis are met for
individuals with:
(I) ≥5 serrated polyps proximal to the sigmoid colon with at least 2 greater than 10
mm or
(II) At least 1 serrated polyp proximal to the sigmoid colon in an individual who has a
first-degree relative with serrated polyposis or
(III) >20 serrated polyps of any size, distributed throughout the colon.

There is no gender difference observed, and the mean age at diagnosis is 55 years (77). The
patients are predominantly of European ancestry. The exact cancer risk is unknown, but
importantly, in 25-50% of the patients there is synchronous CRC at the diagnosis (90).
Furthermore, in a study by Boparai et al the cumulative risk of cancer during five years of
surveillance was observed to be as high as 7% (91). Therefore, due to the substantially
increased CRC-risk, an annual colonoscopic surveillance is recommended after the diagnosis
(87). First-degree relatives of the patients are recommended colonoscopy every fifth year
from the age of 40, or beginning at an age 10 years younger than the age at onset of the
youngest affected relative (90).

Man, 60 years old with two FDR with CRC:
“I do not think about it at all. I take each day as it comes and I stick to the
recommendations about surveillance. I felt light pain in the beginning of the
exam.”

For explanation of the “recovery point”, go to page 29.

23

a)

b)

c)

d)

Figure 1. Pedigrees of four different families. a) An LS family with five generations with an
MLH1-mutation. The inheritance pattern is autosomal dominant. Colorectal cancer and
ovarian cancer develop at an early age. In the youngest generation, five gene-carriers have not
yet developed cancer. b) An example of a family with LOFCC (FCRC with our
nomenclature). c) FCC type X with one individual with CRC below age 50, (an FCRC-family
with our nomenclature). d) Example of a family with two close relatives with CRC (TCR). In
this case, two siblings are affected.
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FAMILIAL COLORECTAL CANCER

Both genetic factors and environmental factors have a role in susceptibility to most cancers. In
the twin study by Lichtenstein (4) one third of the CRC cases was suggested to be attributed
to heritable factors; only prostate cancer had a higher score for heritability. The genetic
background is known in <5% of the cases, which indicates that still unknown genetic factors
contribute to the genesis. Therefore, most of the risk estimations for familial cancer have to
rely on empirical risks.

Close relatives with CRC
Family history of CRC has long been recognized as a risk factor for CRC (92). In a metaanalysis of 59 studies of family history and colorectal cancer, Butterworth et al (93) calculated
the pooled relative risk for CRC when having at least one first-degree relative (FDR) with the
same disease to be 2.11 (95% CI 2.02-2.22). In the same meta-analysis, the results from nine
studies showed that having at least two affected FDR was linked with a RR of 3.97 (95% CI
2.60-6.06), so that the number of FDR seems to play an important role in the risk estimation
for CRC. The impact of having second-degree relatives (SDR) and third-degree relatives
(TDR) with CRC is less studied, but it seems to be considerably less. In a study by Taylor et
al, different combinations of SDR and TDR were evaluated regarding risk of CRC (94). For
example, having >3 SDR with CRC was observed to have about 50% RR increase. In this
study, a positive TDR family history, in the absence of positive first- and second-degree
family histories, did not lead to a significantly increased risk. In Figure 1 b), c) and d), there
are examples of pedigrees with different numbers of FDR with CRC.

Age of close relative with CRC
Age at the diagnosis of CRC in affected relatives seems to contribute to the risk estimates.
Having an FDR, as well as an SDR with CRC below the age of 50 was linked with a higher
risk in the study by Taylor (94). Butterworth, on the other hand, did not in his meta-analysis
observe a significantly increased risk when having relatives with CRC below age 50, but
when employing studies that stratified on age for the person at-risk (younger or older than 50)
the relative risk was 3.17 (95% CI 2.37-4.25) and 1.90 (95% CI 1.59-2.28) respectively.
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Type of inheritance
Another issue of interest is whether the FDR is a sibling or a child/parent of the individual atrisk. In the study by Butterworth (93), a small but significantly increased risk of CRC to have
siblings with CRC than to have parents was noted. In a smaller study by Boardman et al (95),
a higher risk for siblings (RR = 2.67; 95% CI 1.50–4.41) than for parents (RR= 1.5; 95% CI
1.14–1.94) was observed. On the other hand, Taylor et al (94) did not observe any difference
in risk between having parents or siblings with CRC.

Table 5. Contrasting two types of families that fulfil the pedigree Amsterdam-I Criteria

Lynch syndrome

Familial colorectal cancer type X

Colorectal
Cancer risk
Age at onset
Usual location
Polyps
Malignant transformation

very high
~ 45 years average
proximal colon
few
rapid

modestly increased
50s-60s
distal colon
more
less rapid

Other cancers
Endometrial risk
Other cancer

Very high risk
Many others

Risk not significantly increased
None known

Germline MMR

Mutations found

No mutations found

CRC tumour
CRC tumour

Microsatellite instability
Loss of MMR protein

No microsatellite instability
Normal expression MMR protein

After Lindor (96)

Familial colorectal cancer type X
A special case exists in Amsterdam I positive families where there are no MMR gene
mutations and the tumours are microsatellite stable (MSS), which is the case in about 50% of
the families. Lindor (97) termed this Familial Colorectal Cancer type X (FCCTX) in a study
where FCCTX-families were compared with LS families. In Figure 1 c), there is a pedigree of
a family with FCCTX. It was noted that in FCCTX the risk of CRC was lower, the age of
onset higher, the location of the tumours was predominantly on the left side and there was no
association with other cancers (97). In Table 5, the two types of families are contrasted. In a
similar study by Mueller-Koch et al (98) it was shown that, compared to the LS group, the
FCCTX group had greater adenoma/carcinoma ratio and tended to have more adenomas,
suggesting a slower progression of adenomas to carcinomas. Dove-Edwin et al made similar
26

observations indicating that FCCTX developed high-risk adenomas as frequent as LS, but
predominantly the individuals with LS developed CRC (99). Although there is family history
consistent with an autosomal dominant pattern, no gene mutation has so far been identified as
causative. Probably FCCTX is a rather heterogeneous group, where some of the cases can be
attributed to a random aggregation of a common tumour, some families have a multifactorial
explanation such as gene-environmental interaction and still others have an undiagnosed
single-gene disorder (96).

Polymorphism
A polymorphism is a DNA sequence variation in which the less common allele has a
population frequency of at least 1%. A polymorphism can be due to a deletion or an insertion
of a segment of the gene, but the far most common is the single nucleotide polymorphism
(SNP). A SNP, pronounced snip, is a variation in a single nucleotide, A, T, C or G. The
number of SNPs in the human genome is estimated at ten million (100). Most of these are not
associated with any trait or any disease. Genome-wide association studies (GWAS) have so
far identified at least 23 SNPs that are associated with CRC (101). Importantly, one single
SNP leads only to a minor risk increase for CRC; rather the SNPs may interact with each
other and with environmental factors.

Surveillance guidelines
Surveillance with colonoscopy is considered indicated for many but not all individuals with a
family history of CRC. The Swedish work-group for oncogenetic clinics (102) has from
British and American guidelines (103, 104) issued recommendations that are adapted to
Swedish conditions:








1 FDR with CRC <50 years (age at diagnosis): colonoscopy every 5th year
1 FDR with CRC 50-60 years: once-only colonoscopy not later than the age at onset
for the relative
1 FDR with CRC >60 years: no colonoscopy
Parent/sibling/child in a cluster of 2 FDR, at least one <50 years: colonoscopy every
3rd year
Parent/sibling/child in a cluster of 2 FDR with CRC, at least one 50-60 years:
colonoscopy every 5th year
Parent/sibling/child in a cluster of 2 FDR with CRC >60 years: once-only colonoscopy
not later than the lowest age at onset for the relative
Parent/sibling/child in a cluster of >3 FDR with CRC: colonoscopy every 3rd year
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COLONOSCOPY

The first total colonoscopy was performed in June 1969, and three months later the first
endoscopic excision of polyps from all parts of the colon was feasible (105). Earlier, polyps
could be removed within the reach of a rigid sigmoidoscope, and excision of more proximal
lesions was dependent on colotomies during abdominal operation. In 1973 Williams described
a series of 43 patients with 75 colonic polyps sized up to 35 mm snared by diathermy, and
only four of them bleeding (106). The localisations of the polyps are depicted in figure 2,
taken from the original paper (106).

Figure 2: Sites of removal of 75 colonic polyps
in 43 patients, adapted from Williams.
= single polyp

= multiple polyps

Performance
Patient’s perspective – psychological implications

A colonoscopy examination of an individual with known increased risk of CRC is not merely
a technical issue. The experience for patient and the consultation with the physician
performing the colonoscopy has to be good, so that he or she is willing to redo a colonoscopy
at an appropriate interval. Some patients that come for the first time are afraid of pain and of
the inconvenience the colonoscopy might cause (107, 108). They are also worried about the
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result, afraid that they might have an incurable cancer. Many individuals are afraid that there
will be residual stool in the bowel and that there will be a leakage. Some are embarrassed to
expose one of their most private areas. The physician might meet a frozen, hungry, startled
person in a disadvantageous position. Every word and every look can be misinterpreted. It is a
challenge for the whole team in the examination room to offer comfort, respect and presence
in the meeting. Having a relaxed, alert and cooperative patient offers an excellent opportunity
to convey valuable information but also to motivate the patient to take part in subsequent
surveillance and to pass on information to relatives that are not yet participating in a
prevention programme.
To illustrate opinions of some of the individuals participating in a prevention programme,
after the colonoscopy was performed, the author, who works with individuals with increased
risk of CRC, asked two questions:
1. “How do you feel about knowing that you have an increased risk of CRC?”
2. “How did you experience the colonoscopy exam?”
These voices are not intended to represent an average person in the surveillance programme.
There is certainly a bias, since only individuals who were alert directly after the examination
were interviewed. Their responses are scattered over the thesis to serve as “recovery points”.

Woman, 59 years old with many cancer cases in the family, but only SDR
and TDR with CRC. Brother that is under treatment for other cancer:
“I do not think about it at all and I am not worried. I felt a bit discomfort.
The worst thing is that I feel embarrassed about the procedure.”

Bowel cleansing

Appropriate colonic cleansing is considered as one of the key issues both for the safety and
for the quality of the procedure. Ideally there should be no residual stool in the bowel, and
remaining liquid should be transparent. In Figure 8, a poorly cleansed bowel is illustrated and
in Figure 9, there is an adequately cleansed bowel. The degree of cleanness may be assessed
by utilising different validation scales. Most often a four-degree (sometimes five-degree)
subjective scale is employed where the bowel preparation is considered as “excellent”,
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“good”, “fair” or “poor”. An alternative, less subjective scale, is the Aronchick scale that
defines adequate or fair bowel preparation as visualization of 80% to 90% of the entire
colonic mucosa after clearance of a moderate amount of stool by suctioning (109). The
Boston Bowel Preparation Scale (BBPS) is a 10-point graded scale determined upon
withdrawal of the colonoscope (110).
Mainly, there are three different modalities of bowel cleansing: osmotic laxatives such as
sodium phosphate and magnesium citrate; polyethylene glycol (PEG), a non-absorbable
macrogol polymer in a diluted saline solution and stimulant laxatives, such as Senna (111).
Practically, the first two modalities are employed in Sweden. Recently, it has been shown that
optimal timing of the bowel preparation and a split regime with PEG further improves the
results (112, 113) . On the other hand, the PEG regime with four litres of saline solution is
often less tolerated than the osmotic laxatives.

Endoscopic treatment

Endoscopic treatment of polyps requires adequate resection techniques chosen according to
the size, morphology and location of the lesion. Diminutive polyps <5 mm can easily and
safely be removed by a cold snare technique or by a cold forceps polypectomy (114). The
forceps polypectomy should be reserved for the smallest polyps <3 mm, since for size 4-5 mm
the cold snare technique has been shown to be superior in radically eradicating the lesions
(115). Cold snaring is also appropriate in most cases when the size of the polyp is 5-9 mm,
although in some cases when the polyp is bulky or pedunculated it is advisable to use a
conventional snare polypectomy with electrosurgical current. It has recently been shown that
cold snare is safer than hot polypectomy techniques, since these have a risk of electrocauteryrelated bleeding or perforation (114). The use of hot biopsies has been reported to have an
increased risk of bleeding as well as perforation compared to hot snare, so this technique is
being abandoned (116). In Figure 10-13, an example of a therapeutic procedure is illustrated.
Large pedunculated polyps are most commonly occurring in the sigmoid colon. Most
endoscopists pre-treat with a solution with epinephrine that acts vasoconstrictive, and snare
with electrocautery. Clips may be needed to arrest immediate post-polypectomy bleeding but
also to prevent delayed bleeding (117). Another option is to place a detachable snare (polyloop) on the base of the polyp before snaring with electrocautery. Large sessile polyps (>20
mm) are often more difficult to remove. Most endoscopists elevate the lesion by submucosa
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fluid injection and snare it with electrocautery, if possible en bloc or else by piecemeal
resection (117). For the management of large superficial polyps, endoscopic submucosal
dissection (ESD) is an alternative to open surgery, but experienced endoscopists with training
for this method should perform it. In the hands of Japanese endoscopists, the ESD technique
provides high en bloc and curative resection rates for large superficial colorectal tumours
(118).
Dying procedures

There are several stains that can be sprayed on the mucosal surface to enhance the image, for
example methylene blue, diluted acetic acid (1-3%), crystal violet (0.1-0.5%) and indigo
carmine (119). The stain most commonly used is indigo carmine, which is useful to highlight
areas suspected to contain a non-polypoid colonic neoplasm but also to delineate the borders
when removing flat lesions (120). This is especially useful for resection of serrated polyps. In
Figure 22 and 23, the high-lightening effect of acetic acid is illustrated.

Narrow band imaging (NBI)

NBI is an example of equipment-based image enhancing endoscopy. It is a technique where a
narrow light source is used to enhance visualization of the surface microvessels of the
mucosa. Most commonly used is a colour chip system with a filter that filters light at
wavelengths 415 nm (blue) and 540 nm (green) with the aim to increase the contrast of the
microvessels to the superficial layer of the mucosa and submucosa that will be more clearly
visualized (119). This might facilitate distinguishing between neoplastic and non-neoplastic
lesions.
Quality Factors in Endoscopy
The quality of the endoscopy procedure can be seen from the patient perspective and from a
medical perspective. From the patient perspective, factors such as comfort, management of
pain and anxiety, endoscopy unit staff manner, skills and specialty, communication of results
and wait time for the procedure are important (121).
From a medical perspective, one important quality factor is the caecal intubation rate, which
should be >90% unadjusted to be acceptable but preferably >95%. Other important factors are
the adenoma detection rate, complete resection of adenomas and avoiding adverse events.
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Pain control

A colonoscopy examination may be unpleasant and even very painful for the patient. One of
the most important factors to minimize pain is to apply a good insertion technique, avoiding
overuse of insufflation air (122) and reaching the caecum by the shortest way. Loops and
bends have to be continuously straightened by withdrawal and rotation of the endoscope.
Insufflation of carbon dioxide instead of air mainly seems to reduce the pain after the
procedure (123). Conscious sedation with opiates and/or benzodiazepines is often needed, and
in some cases, deep sedation with propofol may be required.
Adenoma detection rate (ADR)

The adenoma detection rate (ADR) is the proportion of individuals undergoing a complete
screening colonoscopy who have one or more adenomas detected (124). Kaminski et al has
observed that the ADR was an independent predictor of interval cancer after a screening
colonoscopy (ages 40-66 years); a low rate was associated with a higher risk of interval
cancer (125). An ADR of 20% and higher significantly reduced the interval cancer
development in this study. A high ADR is considered influenced by endoscopist-dependent
factors as well as equipment-dependent factors. The withdrawal time plays a role for the
ADR. Barclay et al noted that a withdrawal time of at least 6 minutes significantly increased
the rate of detection of adenomas as well as advanced adenomas (126). The quality of the
withdrawal, such as careful inspection behind flexures and folds, cleansing residual stool and
paying attention to subtle mucosal abnormalities, also plays an important role for the ADR.
Education of endoscopists in these simple technical principles seems to increase their ADR
(127).
There is also technical equipment that may improve the adenoma detection rate (128, 129).
High-definition White Light Colonoscopy (HDWL) together with a high-definition monitor
improves the resolution compared to standard video endoscopy (SVE). In a meta-analysis by
Subramanian et al, the use of HDWL improved the ADR by 3.5 percentage units compared
with SVE (130). Chromoendoscopy, applying a vital dye such as indigo carmine on the
mucosal surface, has mainly proven to increase the detection of dysplastic areas in
surveillance for inflammatory bowel disease (131). In virtual chromoendoscopy, light filters
are used with the purpose of improving the visualization of the mucosa, as in narrow band
imaging (NBI). In a meta-analysis of Dinesen et al there no was difference observed in the
ADR when NBI was used compared to SVE, although a small advantage of NBI could not be
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ruled out (132). On the other hand, there were small studies indicating that HDWL combined
with NBI reduced the adenoma miss rate compared to SVE (133).
Complete adenoma resection

If a neoplastic polyp is found, a complete resection is of importance. Incompletely resected
adenomas may be one explanation to interval cancers. The resection rate varies between
gastroenterologists, especially for large adenomas and serrated adenomas (134).
Adverse events

The most common adverse events are bleeding, perforation, abdominal pain and
cardiovascular events. The perforation rate in diagnostic colonoscopy ranges from 0.03% to
0.8%, and in therapeutic colonoscopy it is between 0.15% and 3% (135). Advanced age,
female gender, diverticulosis and Crohn’s disease are factors associated with higher risk of
perforation in diagnostic colonoscopies, while increased BMI and increased albumin reduces
the risk (136). More advanced therapeutic procedures, such as removal of very large polyps,
as well as a caecal location of the polyp, are associated with a higher risk of perforation (137).
A small perforation can often be handled conservatively without operation, whereas larger
perforations with diffuse peritonitis often require an operation. If the perforation is detected
during the procedure, it can sometimes be fixed endoscopically by clipping the opening, and
should not be considered as a complication, but rather as a part of the procedure.
A special case that should be treated conservatively is the post-polypectomy coagulation
syndrome (PPCS) which arise with pain, low fever and mild leucocytosis without free intraabdominal air. Therapeutic fasting, intravenous antibiotics and hospitalization generally solve
the situation. Hypertension, removal of large lesions, and non-polypoid configuration of the
lesion are factors that increase the risk of PPCS (138).
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POLYPS
Macroscopic appearance
Neoplasias of the gastrointestinal tract, limited to the mucosal and submucosal layers – type 0
– can be categorized according to the Paris classification on the basis of their endoscopic
appearance (139). The advantage of using this classification is that endoscopists all over the
world may use a uniform nomenclature when describing polyps. A neoplasm can be described
as either polypoid or non-polypoid. The definition of a polypoid lesion is when the height of
the lesion is more than double the thickness of the adjacent mucosa in an operative specimen.
Furthermore, the polypoid lesion can be pedunculated (with a stalk) or sessile (without a
stalk). In Figure 15, there is an example of a pedunculated polyp, and in Figure 14, there is a
sessile polyp. The non-polypoid lesion, also called a flat lesion, can be sub-classified as
slightly elevated, completely flat or depressed. In Figure 3, a schematic representation of the
Paris classification is presented. Type III lesions are hardly seen in the colon.
Microscopic appearance
The histological classification of polyps is of great importance to determine further risk of
CRC and thus to decide whether surveillance by colonoscopy is indicated. Traditionally,
polyps were divided into two main groups: non-neoplastic and neoplastic. In the former
group, hyperplastic (or metaplastic) polyps, inflammatory polyps as well as juvenile
hamartomas were included. Adenomas, epithelial neoplasms, showing dysplasia constituted
the latter. Previously hyperplastic polyps were regarded as harmless, having no malignant
potential, whereas adenomas had a potential of becoming malignant through the adenomacarcinoma-sequence pathway (51). Today, the identification of an alternative pathway for
colorectal malignancy, the serrated pathway, has created over-lapping of groups (140).
Serrated lesions, classified pathologically according to World Health Organization criteria,
comprise both hyperplastic polyps and serrated adenomas (141)
Man, 69 years old, with an offspring who had rectal cancer at the age of 34:
“I do not feel worried about the cancer risk but I am grateful for the
opportunity to have regular colonoscopy screening. During the exam I feel
some discomfort or strain, but I recognize it so I do not get afraid”
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extremely relieved”

Polypoid

Non-polypoid

0-IIa
Superficial, elevated
0-Ip
0-IIb
Protruded, pedunculated
Superficial, flat

0-IIc

0-Is

Superficial, depressed
Protruded, sessile

0-III

Excavated (ulcer)

Figure 3: Schematic representation of Type-0 neoplasia in colon and rectum according to the
Paris endoscopic classification 2002.

Conventional adenomas

In 1975, based on a large material from St Marks Hospital, adenomas were classified by Muto
et al (142), and phenotypically divided into tubular, tubulo-villous and villous adenomas,
today also denoted as conventional adenomas. In Figure 14 and 15, there are examples of the
macroscopic appearance of tubular adenomas. In Figure 18, a TVA is seen. Tubular
adenomas, pedunculated or sessile, have branched tubules embedded in lamina propria – if
there is a villous component it should be <20%. Villous adenomas, on the other hand, consist
of pointed or blunt finger-like processes of lamina propria covered by epithelium often
reaching down to the muscularis mucosae. Villous adenomas are more often sessile than
pedunculated and can cover a large surface area. Tubulo-villous adenomas have a mixture of
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tubular and villous components, where the villous component comprises 20-80%. Adenomas
are assessed on the degree of dysplasia and are divided into adenomas with high-grade
dysplasia (HGD) and low-grade dysplasia (LGD). Advanced adenomas are most often defined
as adenomas with a diameter >10 mm or with high-grade dysplasia or with a villous
component more than 20% (a villous or tubulo-villous adenoma) but other definitions exist. In
Figure 29 and 30, there are examples of histological sections of a TA and a TVA.

Man, 60 years old, one FDR with CRC <50:
“I think about the risk of cancer as a standing shadow, a worry that is always, though
not strongly, kept in mind. I am very motivated to undergo the exams. The discomfort
and pain during the exam is surmountable. When it is done I feel extremely relieved.”

Serrated lesions

According to WHO, serrated lesions are histologically categorized into three main-groups:
The traditional serrated adenomas (TSA), the sessile serrated adenomas/polyps with or
without dysplasia (SSA/P) and hyperplastic polyps (HP) (141). Sessile serrated adenoma
(SSA) and sessile serrated polyp (SSP) are synonymous terms. TSAs are more adenoma-like
macroscopically and microscopically, often pedunculated or sessile with a tubulo-villous or
villous saw tooth-like architecture, and they occur mainly in the distal colorectum (143).
TSAs are uncommon; SSAs are seen ten times more often (144). In Figure 21, there is an
endoscopic picture of a TSA. SSAs are usually flat or sessile, with abundant mucus
production, have a tubular architecture with dilated glands that may run parallel to the
muscularis mucosae. They show a strong predilection for the right colon (145). They can be
with or without cytological dysplasia. The prevalence of SSA seems to differ in different
ethnical populations (146), but the frequency is reported to be 1-4% of the polyps retrieved
(147, 148). Hyperplastic polyps (HPs) are considered as a non-neoplastic subgroup of serrated
lesions. They are highly prevalent, diminutive sessile polyps, most commonly located in the
distal colon and rectum. Endoscopically, they appear as small, smooth, symmetrical, pale
lesions that tend to flatten when the bowel is insufflated with air. In Figure 16 and 17, there is
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a HP before and after dying with indigo carmine. In the microscope, HPs have straight crypts,
which extend symmetrically from the surface of the polyp to the muscularis mucosae. In
Figure 26-28, a HP and a SSA with and without dysplasia are depicted. Histologically, HPs
can further be subdivided into two principal subgroups: microvesicular hyperplastic polyps
(MVHP) and goblet cell hyperplastic polyps (GCHP). With image-enhanced endoscopy
techniques, MVHPs show large and regular stellate pit openings (Kudo type II, see below)
whereas GCHPs show enlarged round crypts with an expanded (compared to normal mucosa)
pericryptal zone (149). A third, rare and less characterized type of HP is the mucin poor type
(MPHP) (145, 150). The classification of serrated lesions is summarized in Table 6.

Table 6. Classification of Serrated Polyps
Non-dysplastic

Dysplastic

Hyperplastic polyps (HP):
Goblet-cell hyperplastic polyps (GCHP)
Microvesicular hyperplastic polyps (MVHP)

Traditional serrated adenomas (TSA)

Mucin-poor hyperplastic polyps (MPHP)
Sessile serrated adenomas/polyps (SSA/P) without

Sessile serrated adenomas/polyps

cytological dysplasia

(SSA/P) with cytological dysplasia

The Kudo classification
The pit pattern proposed by Kudo S (151) has been widely adopted by Japanese endoscopists
who have used chromoendoscopy since the 1970s. By spraying the mucosa with indigo
carmine dye and inspecting with a high-definition endoscope, neoplastic polyps can be
differentiated from non-neoplastic polyps, an in-vivo histologic assessment. Pit pattern type I
and II corresponds to non-neoplastic lesions and type III-V nearly always to neoplastic
lesions. For a type V pattern there is a high suspicion of malignancy. The pit pattern
classification system used by experienced observers shows satisfactory (more than 90%)
sensitivity compared to conventional histological diagnosis (152). By assessment of
diminutive polyps (<5 mm) with this method, hyperplasic polyps with a pit pattern type II
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could safely be resected and discarded without histopathology (153). In Figure 4, the Kudo
classification is summarized.

I

II

Round pit (normal pit)
Asteroid pit

Normal mucosa
Non-neoplastic

IIIS

Tubular or round pit that is smaller
than the normal pit (Type I)

Neoplastic depressed

IIIL

Tubular or round pit that is larger
than the normal pit (Type I)

Neoplastic

IV

Dendritic or gyrus-like pit

Neoplastic

VI

Irregular arrangement and sizes
of IIIL, IIIs, IV type pit pattern

Cancer

VN

Loss or decrease of pits with an
amorphous structure

Cancer

Figure 4: The pit pattern for classification of colorectal neoplasia, adapted from Kudo S (154)

The NICE Classification
Western endoscopists have not easily adopted the Kudo classification, and the accuracy of
differentiating between neoplastic and non-neoplastic polyps seems to be less among them
compared to Japanese endoscopists. The introduction of the narrow band imaging (NBI)
technique opened new opportunities to develop more readily available and accurate
classification systems (155). The NICE classification was developed to accomplish a
practical, simple and internationally applicable classification with the purpose of
distinguishing between adenomas and hyperplastic polyps by using NBI (156). The contents
of the classification are summarized in Table 7.
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Table 7. The NBI International Colorectal Endoscopic (NICE) Classification 1
NICE Criterion

Type 1

Type 2

Colour

Same or lighter than background

Browner relative to back-ground
(verify colour arises from vessels)

Vessels

None, or isolated lacy vessels
coursing across the lesion

Brown vessels surrounding white
structures2

Surface pattern

Dark or white spots of uniform
Oval, tubular, or branched white
size, or homogeneous absence of structures2 surrounded by brown
pattern
vessels

Most likely pathology

Hyperplasic polyp

Adenoma

1

The NICE Classification can be applied using colonoscopes both with and without optical
(zoom) magnification. 2These structures may represent the pits and the epithelium of the crypt
opening. Adapted from Hewett et al (156).

Progression to cancer and cancer risk
Dysplastic adenomas harbour a malignant potential although few progress to CRC. The
cancer risk is higher in an adenoma with high-grade dysplasia (HGD) than with low-grade
dysplasia (LGD), and it increases with increasing age. The progression rate is reported to be
the same in both sexes. In a study by Brenner et al (157) the 10 year cumulative cancer risk
for adenomas with HGD was 25.4% at age 55 years and 42.9% at age 80 years in women,
compared to 25.2% at age 55 years and 39.7% at age 80 years in men.
A question of interest is whether HPs should be considered markers for advanced colonic
neoplasia. When screening asymptomatic individuals with colonoscopy, the discovery of
distal HPs did not reveal an increased risk of proximal neoplasia or proximal advanced
neoplasia (158). On the other hand, the size of the HPs seems to be important, so that nondiminutive (>6 mm) HPs, regardless of location, are observed to be associated with a higher
risk of synchronous advanced colonic neoplasia (advanced adenomas or cancer) (159).
Until recently, HPs were considered to harbour no malignant potential at all, but after the
evolvement of the serrated pathway concept, where cancers develop without preceding
traditional adenomas, some authors question this. There are theories that MVHP could be a
precursor of SSA/P in the right colon (160, 161). These theories are mainly based on
molecular similarities between MVHP and SSA/P.
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Malignant polyps
When an adenocarcinoma is invading into the submucosa in a polyp, it is classified as a
malignant polyp. For pedunculated polyps the depth of invasion, which also correlates with
the risk of lymph node metastasis, is classified by Haggitt (162). Level 0 is a non-invasive
lesion, also called intramucosal carcinoma. Level 1 lesions by Haggitt are limited to the head
of the polyp, whereas in level 2 lesions the carcinoma invades the neck. When the stalk is
invaded there is a level 3 lesion and in level 4 lesions the adenocarcinoma invades into the
bowel wall but the muscularis propria is respected. The Haggit classification of pedunculated
malignant polyps is depicted in Figure 5. Malignant sessile polyps are by definition level 4
lesions by Haggitt. They are further sub-grouped by the depth of invasion in the submucosa
by Kudo: Sm1 in the upper third, Sm2 in the middle third and Sm3 in the lower third (163). On
the other hand, the latter classification becomes inadequate when assessing endoscopically
resected specimens, since normally the muscularis propria is not included in the specimen,
and thus the invasion depth in the submucosa cannot be adequately assessed. Instead, the
depth of invasion in microns beyond the muscularis mucosae is measured (164). The Kudo
classification of sessile polyps is depicted in Figure 6. Furthermore, the malignant polyps are
often classified into low-risk and high-risk malignant polyps (165). A malignant polyp is
defined as high-risk if any of these features are seen: adenocarcinoma with low-grade
differentiation, positive tumour margin (not radical resection), tumour budding (malignant
cells beyond the invasive front) or lymphatic/vascular invasion. High-risk malignant polyps
are associated with a less favourable outcome (165). In Figure 19, there is a malignant polyp.
Management of malignant polyps
In many cases, endoscopic resection and appropriate surveillance by colonoscopy of the
malignant polyp is adequate. This is the case for pedunculated polyps Haggit level 1-3 (166).
An oncological segmental resection should be considered for malignant peduculated polyps
Haggitt level 4 lesions with distal third submucosa invaded (or >1000 µm invasion depth),
margin of resection <2 mm, evidence of vascular or lymphatic invasion, incomplete resection
or inability to assess margin (piecemeal technique), or sessile lesions with Sm3 invasion (or
>1000 µm invasion depth) (166). Furthermore, patients with poorly differentiated
adenocarcinomas are associated with higher risk of lymph node involvement, and therefore
also recommended surgical resection (167).
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Figure 5..Anatomic landmarks of pedunculated and sessile malignant polyps with respect to
Haggitt level (162). From Ramirez M et al(166)

Figure 6. Depth of submucosal invasion in sessile malignant polyps. Sm1, invasion into upper third;
Sm2, invasion into middle third; Sm3, invasion into lower third. From Ramirez M et al (166)

Surveillance recommendations after polypectomy of adenomas
The recommendations of surveillance depend on the size, histopathology and multiplicity of
the adenomas. In the European guidelines, the adenomas are divided into low, intermediate
and high-risk groups rendering different intensity of the screening intervals (168). There will
be no difference in the intervals whether family history is present or not, unless there is a
suspicion of dominantly inherited syndromes, such as Lynch syndrome or FAP (168).
Surveillance is recommended until the age of 75 years. However, practically an extended
surveillance in healthy individuals is considered in many clinics in Sweden. The guidelines
are summarized in figure 7.
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Figure 7. Recommended surveillance following adenoma removal

Baseline colonoscopy (CS)1

Low-risk

Intermediate-risk

1-2 small adenomas
2

High-risk

3-4 adenomas or

both <10 mm and TA and
LGD2

> 5 adenomas or
2

> one 10-19 mm or TVA or
HGD2

at least one > 20 mm

C

B

A

Routine
screening

Within one
year4

3 years

Findings at surveillance CS

Findings at surveillance CS

One negative exam → 5 yearly

Negative, low or intermediate
risk adenomas → 3 yearly

Two consecutive negative exams →
routine screening3
Low or intermediate-risk adenomas
→B

Two consecutive negative exams
→ 5 yearly
High-risk adenomas → C

High-risk adenomas → C
1

Baseline colonoscopy (CS) must be complete in order to accurately assess risk.
Optional additional criteria
3
Other consideration: age, family history, accuracy and completeness of
examination
4
Clearing colonoscopy to check for missed lesions
2
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PICTURES
Legends to figures:
8. Bowel that is not adequately cleansed. Lesions can be missed.
9. Bowel that is properly cleansed.
10. Sessile serrated adenoma that is going to be removed. Injection with solution that will
lift the lesion from the submucosa.
11. The snare is placed around the adenoma.
12. The adenoma is removed by electrosurgical current.
13. A clip is placed to close the wound.
14. Sessile tubular adenoma.
15. Large pedunculated tubular adenoma.
16. Small hyperplastic polyp.
17. The same lesion as in figure 16 after enhancement with indigo carmine dye.
18. Tubulo-villous adenoma with indigo carmine dye.
19. Carcinoma in adenoma.
20. Sessile serrated polyp.
21. Traditional serrated adenoma.
22. Hardly visible sessile serrated polyp. The arrow indicates the location.
23. The same lesion as in figure 22 after treatment with acetic acid, making the lesion more
clearly visible. Close-up view.
24. Sessile serrated polyp with dysplasia.
25. Early cancer in serrated polyp.
26. Histological section from hyperplastic polyp.
27. Histological section from sessile serrated polyp.
28. Histological section from sessile serrated polyp with dysplasia.
29. Histological section from tubular adenoma.
30. Histological section from carcinoma in tubulo-villous adenoma.

Dr Edgar Jaramillo, Department of Medicine, Karolinska Institutet, Stockholm, Sweden,
kindly provided all pictures.
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Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13
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COLORECTAL CANCER SCREENING
The process of searching for disease in an asymptomatic population pays off if:
1. The disease burden is high in the population
2. Untreated disease leads to morbidity and/or mortality
3. The screening or the treatment based on screening prevents morbidity and/or mortality
4. The screening process is safe and does not cause harm.
The primary goal of colorectal cancer screening is colon cancer prevention (169). This is
achieved by detection of early adenocarcinomas or benign adenomatous polyps, the latter
considered as a precursor lesion of cancer in the majority of cases (51). Screening has been
reported to reduce CRC morbidity and mortality, both in average risk and in high-risk groups
(104). In a study by Brenner et al it was shown that the risk of CRC was strongly reduced up
to ten years after a screening-, surveillance- or diagnostic colonoscopy (170).

Modalities
There are different modalities for CRC screening:
1. Faecal occult blood testing (FOBT): guajac-based faecal occult blood testing (gFOBT)
and immunochemical faecal occult blood testing (iFOBT ) are considered as simple
and cheap methods but with a relatively low sensitivity.
2. Faecal DNA is not commonly used in clinical praxis but is simple for the patient.
3. Computed Tomographic Colonography (CTC) has a relatively high sensitivity but the
therapy has to be performed endoscopically.
4. Flexible sigmoidoscopy (FS) is less strenuous compared to a total colonoscopy and
less time-consuming but only a part of the bowel is examined.
5. Total colonoscopy (TC) is considered strenuous and costly but with a high sensitivity
and therapy can most often be done in the same session.
The need for colonoscopy screening in individuals with an increased risk of CRC has long
been recognized (171, 172), but is still subject to some debate regarding the clinical benefit of
screening as well as the choice of screening modality in the average-risk population (173). In
the risk groups for CRC, the question is at what age to initiate surveillance programmes, as
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well as to decide the surveillance interval, and to optimize the adherence to periodic
surveillance recommendations. In average-risk populations, some countries employ
endoscopy, FS or TC, as the primary screening modality, and some countries rely on FOBT as
screening instrument (174). In Stockholm County in Sweden, a screening programme is well
established since 2008: individuals aged 60-69 are offered an FOBT biannually, and if the test
is positive they will be referred to a colonoscopy (175). In January 2014, a national CRC
screening study started in Sweden, Stockholm County excluded, randomizing the population
to (1) iFOBT biannually, (2) one single colonoscopy or (3) no intervention at all (176).
Individuals will be offered to participate in the study from the age of 60 years.

The colonoscopy screening process
The colonoscopy screening procedure is a multi-step process ranging from patient recruitment
to reporting the results back to the patient and promoting continuous patient care (177). If a
step does not work adequately, there may be a failure to detect the cancer or precancerous
lesions. One critical step is appointment scheduling, both for having a colonoscopy performed
within a reasonable time from getting a positive FOBT-test reported within a populationscreening programme, as well as having regular invitations to colonoscopy within a
surveillance programme for familial CRC. For the patient, knowing to be at-risk, a prolonged
waiting time can be a source of psychological stress. It is also of outmost importance for the
patient to experience the screening-process as high quality, as safe, and as person-oriented
(178).

Quality control – colonoscopy
It is vital to ensure a good quality of the colonoscopy (178). The caecum has to be reached in
the vast majority of cases. A high adenoma detection rate depends on a proper bowel
preparation (179), the experience of the endoscopist, the withdrawal time (126) and adequate
equipment. Furthermore, adverse events – major bleeding or bowel perforation – should be
minimized. Quality guidelines consider the screening process of good quality enough if the
perforation rate is less than 1/2000 (180). Another essential quality indicator of the
colonoscopy is the patient’s experience of the colonoscopy. Pain and discomfort should be
minimized; the use of carbon-dioxide insufflation instead of air has reduced the pain and
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discomfort related to the procedure (122). It is also important to maintain the dignity of the
patient; in many countries the procedure is considered shameful, especially by women (181).

Colorectal cancer surveillance
Surveillance with regular colonoscopies is considered indicated if there is a sufficiently
increased risk of CRC compared to a normal population. As a rule of thumb, a doubled risk is
considered as sufficient (182). In the European recommendations a lifetime risk of CRC death
of > 1:12 is considered as sufficient to advocate colonoscopic surveillance programmes (103),
for example in patients with longstanding extensive colitis, with known mutations in genes
predisposing for CRC or belonging to families with clusters of CRC cases. The organisation
to run a prevention programme for individuals at-risk for CRC is important for the uptake of
the surveillance measures. In a recent Cochrane review, there are data indicating that
surveillance uptake is promoted if the individual has understandable information and
recommendations from a clinician (or a genetic counsellor) to attend the programme (183).
The strength of the family history, higher estimated risk, and also the degree of closeness of
the person’s relationship to the affected relative may have an impact on the adherence to
surveillance recommendations (184).
Woman, 66 years old with many close relatives with CRC:
“I am not worried at all, I feel safe being under surveillance. The
colonoscopy did not cause me any discomfort at all. It was like hiking in the
wood!”

GENETIC COUNSELLING
In all cases of colorectal cancer, genetic considerations are important. Up to one third of the
CRC cases, are suggested to be attributable to heritable factors according to Lichtenstein et al
(4). In two population-studies, the proportion of individuals with one or more FDR with CRC
was 9.8% and 9.4% respectively (92, 185). Approximately 15% to 25% of persons who
develop CRC will have an FDR also affected by the disease (186). The oncogenetic
counselling process aims to identify and stratify individuals with increased risk of CRC due to
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family history of CRC (187). The genetic counsellor, often a doctor or a nurse with a special
interest and knowledge in oncogenetics, has an important role in this process. A thorough
family history and construction of a pedigree is the basis of the genetic counselling. It is
important that the genetic counselling is an integrated part of the genetic testing process.
Information sharing is one of the cornerstones in genetic counselling (188). This is not a oneway communication from the counsellor to the counselee. The counselee has also a
responsibility to pass on this information to his or her relatives. It is crucial to inform in a
language that is understandable by the counselee. The purpose of the genetic tests has to be
explained and the symptoms of the natural history of the disease have to be clarified. For all
tests there has to be an informed consent. In most cases of familial colorectal cancer, where
no mutation can be revealed, the counsellor has to stratify the risk for the counselee by
making risk estimations based on reported studies. It is a pedagogical challenge to
communicate these empirical cancer risks to the counselee in a perceivable way. Furthermore,
the counsellor has to present the prevention possibilities and the treatment of cancer in an
early stage. Possible uncertainties due to lack of knowledge has to be declared. The counselee
should have clear and individual recommendations for long-term risk management strategies.
One part of the follow-up is inclusion in a prevention programme, which in case of familial
colorectal cancer consist of regular colonoscopies. It is important to explain the colonoscopy
procedure and to motivate the counselee to undergo the examination (189). Other modifying
risk factors, such as smoking or obesity, ought to be communicated, motivating for a lifestyle
that may reduce the cancer risk. Furthermore, there has to be a strategy to inform the rest of
the family, a process that in some families can be troublesome. It is very useful with a written
summary that contain information about where to turn to if there are questions or
uncertainties.
If the counselling process leads to a testing that may confirm the diagnosis of a heritable
disease, it is important to consider the emotional impact it might have on the counselee (190).
The knowledge of being a gene carrier can be received in different manners depending on the
coping strategies of the individual but also on social support and education level (190).
The Swedish work-group for oncogenetic clinics (102) has worked out comprehensive
guidelines for genetic counselling concerning hereditary and familial colorectal cancer.
Elaborate European guidelines for genetic counselling have been produced by EuroGentest
(founded by the 7th Framework of the European Commission), a network for quality assurance
in genetics (191)
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RISK COMMUNICATION AND SCREENING BEHAVIOUR

In a family with the diagnosis hereditary colorectal cancer, there are various obstacles to
overcome until all family members at-risk are participating in a prevention programme with
regular colonoscopies. Mainly, there is a long chain of information exchanges, and for each
step, there is a possibility that important information is lost or misinterpreted. Communication
of risk plays a central role in this process.

Relative vs Absolute Risk
The concept “risk” can be expressed in several ways. In the context of risk of familial cancer,
the concepts relative risk (RR) and absolute risk are the most common expressions employed.
The relative risk (RR) is the ratio of the probability of an event occurring (developing CRC or
death from CRC) in the group at-risk to the probability of the event occurring in a comparison
to an average-risk group. The absolute risk is stated without context, not compared to
something occurring. The risk, expressed in percent (for every hundred), is a probability of
something occurring, for example developing CRC. The absolute cumulative risk for CRC
expresses the risk of developing CRC over a specific period of time.
Risk communication and risk perception
Theoretically, CRC would be preventable to a high degree. However, low adherence to
recommended screening programmes for individuals at-risk for CRC is a problem in many
countries. The screening participation for individuals with a family history of CRC differs
widely at different centres, varying from six to 58% of recommended guideline-defined
screening (192). A systematic review by Edwards et al (183) showed that personalized risk
communication led to a small increase in uptake in screening programs.
Communicating cancer risk with the participants can be a pedagogical challenge; the concept
of a relative risk can be difficult to apprehend. Therefore Butterworth proposed that, “A more
appropriate estimate for health care purposes is absolute cumulative risk – the risk of a person
with a family history developing (or dying from) colorectal cancer over a specific period of
time.” (93). Even though the communication of risk has been done in an accurate and
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comprehensive way, the perception of the risk often diverges substantially from the predicted
risk. In a recent Australian study of mutation carriers with Lynch syndrome, there was an
overestimation of the cancer risk among the diagnosed mutation carriers (193). In contrast to
that, in a Swedish study there seemed to be an underestimation of the cancer risks both among
mutation carriers with Lynch syndrome and among physicians (oncologists, surgeons and
gynaecologists) (194). In a study by Liljegren et al, there was a wide range of risk perception
among gene carriers for LS as well as among individuals with a slightly increased risk of
CRC (195). It might be easier to understand and embrace the risk if there is an informative
test (for example carrier or non-carrier of a certain mutation) connected to the risk, compared
to an empirical risk increase such as in familial CRC (196, 197). Witnessing a close relative’s
illness and death in a heritable disease may also underpin the perception of risk.
Screening behaviour
There are studies that have focused on the behaviour after genetic testing and the readiness to
stick to recommended colonoscopy surveillance (197-199). In the Dutch study the individuals
from families with LS participated in the surveillance programme to a high degree, but 25%
deviated from the recommended screening interval with a delay of more than one year (198).
Discomfort and embarrassment associated with the colonoscopy exam could explain the
decreased compliance according to the authors. These results were in line with the result of a
Finnish study (200) of mutation carriers in Lynch syndrome where 17% had a significant
delay between the exams, and the same explanation for the non-compliance was given. In
populations with a family history of CRC, ethnicity also seems to be coupled to not yet
identified barriers for compliance with screening recommendations; Hispanics and Afro
Americans had significantly lower colonoscopy screening rates compared to other American
ethnical groups (201, 202).

Woman, 54 years old with two FDR with CRC:
“I think about the risk sporadically. I am grateful that I have the opportunity
to do the exam, so that I won’t go down with a cancer that is detected too
late. I felt a light pain in the beginning of the examination”
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AIMS OF THE THESIS

The overall aim was to evaluate long-running colonoscopy surveillance in familial Lynch and
non-Lynch colorectal cancer, and to study whether surveillance is beneficial.

I.

The aim of the first paper was to establish the prevalence of cancer, advanced
adenomas, adenomas and hyperplastic polyps in a normal population with average
risk for CRC in order to use this as a control group for the third study but also for
future studies.

II.

The aim of the second paper was to study the outcome of colonoscopic
surveillance from six European centres in families with a dominant family history
of colorectal cancer. A second aim was to see whether recommendations for
surveillance could be made, based on the results.

III.

The aim of the third paper was to compare incidence of cancer, adenomas and
hyperplastic polyps in a cohort of individuals with increased risk of CRC due to
family history with the control group with average risk of CRC.

IV.

The aim of the fourth paper was to evaluate the predictive value of different
variables in family history of CRC for adenomas, advanced adenomas and
possibly cancer. Another aim was to assess findings at the first colonoscopy
regarding the association with risk of future lesions.
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MATERIALS AND METHODS

Patients
Three different populations were employed in the studies: One normal population, one
population at-risk for CRC and one pooled high-risk population for CRC.
Selection process for the control population with average risk for colorectal cancer (Paper I)

The control population, representing a population with an average risk for CRC, was recruited
from two adjacent urban districts (Katarina församling and Sofia församling) surrounding
Ersta Hospital, Stockholm, Sweden. There were 38,646 inhabitants in these districts in the
year 2000. From the adult population born in Sweden (33,992 individuals 19-70 years of age),
the sample population of 3556 was randomly drawn using the national population register. Of
the eligible 2250 individuals, 1673 individuals were invited by telephone to visit the clinic; of
these 1352 agreed to participate and 1244 eventually came to the clinic. Medical exclusion
criteria were recent cardiac infarction (in the previous 6 months), unstable angina pectoris,
respiratory failure, warfarin treatment, renal failure, previous bowel surgery and recent drug
or alcohol abuse. Finally, 745 individuals accepted and were suitable for an ileocolonoscopy
(IC). They were representative of the whole native (11% born abroad were excluded) Swedish
population except for gender.
Population at-risk for colorectal cancer (Paper III and IV)

To evaluate the result of the prospective endoscopy-screening program at Karolinska
University Hospital between 1990 and 2010, patients were included for study if they belonged
to a family within any of the following four family diagnoses:
1)

Lynch Syndrome with a mutation in one of the MMR genes MLH1, MSH2,
MSH6 or PMS2. Only mutation carriers from these families were included.

2)

Familial Colorectal Cancer (FCRC) with individuals in families with three
or more first-, second- or third-degree (cousins) relatives with CRC.

3)

Two Close Relatives (TCR) i.e. two individuals with CRC among first-,
second- or third-degree (cousins) relatives.

4)

One Close Relative (OCR) i.e. one first-degree relative with CRC before the
age of 50.
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FAP was excluded from the families according to the current clinical protocol at Karolinska
University Hospital. Families where an LS diagnostic investigation was motivated but not
pursued to an end, or where the results were ambiguous and patients who had cancer before
they entered the surveillance program were excluded. Initially, all patients were offered
colonoscopy screening at an interval of every second year, which in 2005 changed so that
only patients with Lynch syndrome followed this protocol, while all others were screened
every third year. In Paper IV, patients with Lynch syndrome were not included.
Pooled high-risk population from six European centres (Paper II)

Six European centres had prospectively collected colonoscopic surveillance data from
individuals belonging to families at a high risk of colorectal cancer: Central Manchester
University Hospitals, UK; German Consortium for Hereditary Non-Polyposis Colorectal
Cancer, Germany; Copenhagen University Hospital, Hvidovre, Denmark; Karolinska
University Hospital, Stockholm, Sweden; The Netherlands Foundation for the Detection of
Hereditary Tumours, Leiden, The Netherlands and St Mark’s Hospital, London, UK.
Patients eligible for the study were the first-degree, at-risk relatives of the defining all criteria
in the colorectal cancer triad:
(i) At least three relatives over two generations affected with a colorectal cancer, one
of whom is a first-degree relative of the other two
(ii) FAP excluded
(iii) One colorectal cancer diagnosed below age 50, referred to as Familial colorectal
cancer (FCC) type X.
Families, who fulfilled the criteria, except that they had no relatives diagnosed with colorectal
cancer under the age of 50 years, were referred to as Late Onset FCC, (LOFCC). FCC type X
and LOFCC constituted the two different familial phenotypes that were compared in the
study. Totally, 1585 patients were included, and Karolinska Institutet contributed with 302 of
these. These 302 patients constituted a subgroup of the at-risk population described in the
preceding section. Colonoscopy data from the baseline (screening) colonoscopy and
surveillance colonoscopies were collected.
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Ileocolonoscopy
The colonoscopies for the first study took place at the Ersta hospital from June 5th 2002 to
October

31st

2006.

The

endoscopies

were

performed

by

seven

experienced

gastroenterologists. A standard white-light endoscope (Olympus®) was used. From January
1990 to June 2010, screening and surveillance colonoscopies for Papers III and IV were
performed mainly at the Karolinska University Hospital in Stockholm. To improve the polyp
detection rate and to define the polyp borders, either intraluminal indigo carmine dye or
endoscopes with NBI-option were employed. The bowel was cleansed by either four litres
Laxabon® (saline solution) or 90 ml Phosphoral®. Sedation and analgesics were given
according to demand. Caecal intubation was clearly documented by a photograph either in the
terminal ileum or at the appendiceal orifice. For all polyps localization, size and appearance
was recorded and all polyps were removed and sent for histological diagnosis. In the vast
majority of cases, polyps were removed endoscopically: snared, taken by cold biopsy or
coagulated. All adverse events were recorded.

Histological evaluation
The lesions removed were sent to experienced pathologists with special interest in
gastrointestinal pathology (Åke Öst and Lennart Franzén, Medilab, Stockholm for Paper I and
Carlos Rubio, Karolinska University hospital, for Papers III and IV). A routine HaematoxylinEosin staining was used. The adenomas were classified according to the WHO-classification
(141) as tubular (TA), tubulo-villous (TVA), villous (VA) or serrated adenomas (SA). The
dysplasia was graded as high-grade dysplasia (HGD) or low-grade dysplasia (LGD). A
colonic adenoma was classified as advanced if it had an estimated diameter >10 mm, a villous
component >20% or high-grade dysplasia.

Statistical methods
Statistical calculations were conducted by using the Statistica software (version 7.0 and 10.0),
(StatSoft®, Tulsa, Oklahoma, USA). In paper II the Stata® software (StataCorp LP©, College
Station, Texas, USA) was employed. The results were considered as significant when the pvalue (two-sided) was less than 0.05. Pearson’s Chi-2 test was utilized when comparing
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categorized data. The Student’s T test was employed for comparing continuous variables
(mainly age) between different groups (Papers I, III and IV).
In Paper III, the difference in adenoma prevalence in paper III between the four
subpopulations and the reference population was assessed as relative risk (RR) with a 95%
confidence interval. In Papers III and IV logistic regression with the modelled probability of
having an advanced lesion or an adenoma was used to determine the impact of different risk
factors, such as age, gender, number of first-, second- and third-degree relatives with CRC
and different categories of polyps found at screening. The cumulative probability F (t) of
developing an adenoma was calculated with the Kaplan-Meier product-limit method.
Differences according to age at the detection of the first adenoma in the different family types
compared to the reference populations were assessed by the Cox regression analysis.
In Paper II the most advanced finding on the baseline colonoscopy for each individual
(normal, hyperplastic polyp, adenoma, high-risk adenoma, CRC) was reported. This result
was tabulated against familial phenotype. The percentages were weighted to standardise by
age group. The most advanced pathological finding on any subsequent colonoscopy was
presented according to the baseline colonoscopy result. Rates of (first) adenoma, high-risk
adenoma and colorectal cancer (dependent on age, sex, familial phenotype and previous
findings) were calculated, censoring at the first event. The cumulative proportion of
individuals at different ages with a particular event was estimated. The proportion of
colonoscopies with an event was estimated by smoothing (a moving average), and the result
was forced to be non-decreasing in age by applying the pool adjacent violators algorithm
(203). Multiple adenomas were defined as three or more adenomas on any one colonoscopy or
five or more adenomas throughout the colonoscopic surveillance.

Woman, 59 years old, with an unknown low-risk mutation:
“I do not feel worried about knowing about the increased risk. I
feel secure taking part in a prevention programme that I trust. I had
a light discomfort during the exam.”
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RESULTS

Paper I
There were 745 individuals (43% men) aged 19-70 years. In the whole population, the
prevalence of polyps was 27%, regardless of the kind. Adenomas were found in 10% of the
individuals and finding of adenomas was positively correlated to higher age. The prevalence
of adenomas in men was 15% and women in 6% (p=0.001, Chi-2). Women had more often
right-sided adenomas compared to men (p=0.009, Chi-2). Hyperplastic polyps were seen in
21% of the individuals. The presence of hyperplastic polyps was significantly positively
correlated to the presence of adenomas (p=0.0003). Advanced adenomas were seen in 2.8%
of the individuals, but no cancers were detected.

Paper II
Results from six European centres were pooled. One thousand five hundred and eighty-five
individuals (44% men) with a median age of 47.3 years from 530 FCC families (349 FCC
type X) underwent 4992 colonoscopies with 7904 patient-years of follow-up. Results for FCC
type X and LOFCC were very similar. At baseline 22 prevalent asymptomatic colorectal
cancers were diagnosed, 120 (7.6%) individuals had high-risk adenomas and 225 (14.2%)
simple adenomas. 1088 individuals had a further colonoscopy (median follow-up 6.2 years).
Out of 9 individuals diagnosed with cancer during surveillance, 8 had a previous history of at
least one polyp/adenoma. High-risk adenomas were detected in 92 (8.7%) and multiple
adenomas were detected in 20 (1.9%) individuals.

Paper III
The study included 1397 patients at-risk for CRC, of which 40% were men. The control
population with 745 individuals matched the risk population, both in age and gender. Nine
cancers were detected at the screening colonoscopies, five in LS-, four in three non-LS
patients and none in the controls (control population in Paper I).
Totally 507 adenomas were found, of which the majority were small tubular adenomas with a
low-grade dysplasia. In LS, the adenomas tended to have a more right-sided location
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compared to the control population (p<0.05). In LS, 35% of the individuals had adenomas
and 10% advanced adenomas. The corresponding figures in FCRC were 24% and 7%, in TCR
22% and 6% and in OCR 14% and 4%. The relative risk to have adenomas and advanced
adenomas was higher for all risk groups compared to controls, but not statistically significant
for OCR. The data for the relative risks are summarized in the Table 8 below:

Table 8. Age-adjusted relative risk (RR) of adenoma and of advanced adenoma
finding at the first colonoscopy compared to the control population
Prevalence

Number of

Prevalence

individuals

adenomas (%)

Control

745

75 (10)

1

21 (3)

1

LS

138

48 (35)

3.46 ***

16 (13)

4.11 ***

FCRC

610

145 (24)

2.36 ***

44 (7)

2.56 **

TCR

524

116 (22)

2.19 ***

33 (6)

2.23 **

OCR

125

18 (14)

1.46 ns

5 (4)

1.42 ns

Population

RR

advanced

RR

adenomas (%)

***p<0.001; ** p<0.01; ns not significant

The cumulative risk of having an adenoma and an advanced adenoma was higher for all
family types compared to the controls. The results were significant in all groups except for
OCR. In all risk groups, the total number of adenomas correlated to the probability of having
an advanced adenoma. In FCRC, also gender and age at the last colonoscopy affected the
probability, whereas in TCR number of adenomas and age had an impact.
The LS patients were significantly younger compared to FCRC and TCR at onset of the first
adenoma (p<0.001) and the first advanced adenoma (p<0.001). In the total population the
mean-age in men was 52.4 years compared to 54.9 years in women (p=0.04) at the first
adenoma. In LS the mean age at first adenoma was 44.1 for men and 50.1 years for women
(p=0.07). No gender difference was observed in FCRC, TCR or OCR.
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Paper IV
There were 1203 individuals with family history of CRC, 470 (39%) men, from 521 families
included in the study. Of these 676 (56%) individuals with one first-degree relative, 299
(25%) with two or more first-degree relatives and 228 (19%) had only second- and thirddegree (cousins) relatives with CRC. There were five individuals (0.4%) with six cancers;
four were detected at the screening colonoscopy and two during surveillance. The expected
number of screening-cancers in the Swedish population adjusted for the age-and genderdistribution would be 0.8 compared to four found (p<0.001).
The number of individuals with at least one simple adenoma was 228 (19%), and 94 (8%) had
at least one advanced adenoma or cancer as the most advanced lesion. HP was encountered as
the most advanced lesion in 208 (17%) of the individuals. In 672 (56%) of the individuals no
polyps were recorded. There was no statistically significant difference between the sexes
regarding any type of polyps.
Increasing age was the strongest risk factor for both adenomas and advanced adenomas.
Concerning family history, the risk of adenomas was weakly associated with the sum of the
number of second- and third-degree relatives, while the risk of advanced lesions was
associated with the number of first-degree relatives. The risk of advanced lesion was
increased with the number of FDR with CRC in univariate (OR=1.8, p<0.0001) as well as
multivariate analysis (OR=1.3, p=0.04). There was also an association with early age at onset
of CRC in the family (<50 years) and with having an advanced lesion but not with having an
adenoma. The risk for advanced adenomas was higher for siblings compared to
children/parents of the affected relative in the univariate analysis, but this effect could not be
observed when adjusting for age.
In those 594 individuals who underwent a colonoscopy more than once, the prevalence of HP,
adenomas and advanced lesions at the first colonoscopy, were positively correlated with
findings of adenomas during surveillance. On the other hand, higher prevalence of advanced
lesions during surveillance was only associated with findings of advanced lesions at the
screening colonoscopy.
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DISCUSSION

Paper I
This prospective, population-based colonoscopy study has evaluated the prevalence of
hyperplastic polyps, adenomas and cancer in a randomly selected Swedish population
(N=745) aged 19-70 years with an average risk of CRC. The prevalence of adenomas (10%)
was lower but comparable to the rates found in three other studies (204-206). Advanced
adenomas were found in a minority (2.8%) of the population, predominantly in the age group
>60 years, and these findings are comparable to what Lin found in a study which had a mean
age most similar to ours (205). It is a well-established fact that increased age is positively
correlated with a higher prevalence of adenomas (207). This was also was demonstrated in the
present study, where those >60 years old 20% had adenomas compared to 5% in the cohort
<60. The age-distribution with young individuals included in the study might be one
explanation of the relatively low prevalence of advanced lesions in the population.
We have data indicating that those undertaking colonoscopy in the present study are a good
approximation to the normal population, except for the sex distribution in younger individuals
(208). Overall, 57% of the participants were women; a skewed sex distribution is a wellknown phenomenon in colorectal screening studies (206, 209). The fact that 11% of the
individuals living in the two urban districts were excluded from the study, since they were
born abroad, is unlikely to represent a potential source of selection bias. Hemminki who
reported that the relative risk for colorectal cancer did not differ considerably between first
generation immigrants and native Swedes may support this (210). One can speculate that this
also could be true for adenomas considering them as a precursor lesion of cancer. It is,
therefore, reasonable to presume that the exclusion of immigrants did not influence the rate of
adenomas. It also seems unlikely that socioeconomic status would influence the rate of
adenomas. Our population was urban and more educated than average. However, we do not
believe that this made any difference, since in a publication from the Swedish National Board
of Health and Welfare, it was established that the incidence and mortality in colorectal cancer
did not differ substantially among different socioeconomic groups in the ages <70 (211). We
therefore assume that the same is true for prevalence of colorectal adenomas.
Of the men 15% presented adenomas compared to 6% of the women, a gender difference
observed in another study (212). Women showed a right-sided dominance of their adenomas
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compared to men, 60% versus 27 percent, a result also reported previously (213). In 4% of the
investigated cohort, we observed coexistence between hyperplastic polyps and adenomas,
which led to a significantly positive correlation between the presence of hyperplastic polyps
and adenomas. The same result was found in an earlier study by Imperial et al (214).
We suggest that the results of this study may be employed as a control population when
evaluating screening-protocols for CRC in high-risk groups, where it is essential to know the
prevalence of adenomas and cancer in an average-risk population.

Paper II
The results of a pooled multicentre comparative study of the outcome of prospective
colonoscopic surveillance in Familial colorectal cancer (FCC) were presented. Data have been
collected for up to more than 30 years and demonstrated that there was a high prevalence of
adenomas and CRC in the population studied, that the incidence of adenomas and advanced
neoplasia was increased compared to the general population and that interval cancers did
occur during surveillance although they may have been detected at an early stage.
Furthermore, there was no obvious difference in the outcome of colonoscopic surveillance
between FCC type X and Late onset FCC (LOFCC). Baseline colonoscopy results confirmed
that FCC individuals had an increased prevalence of colonic neoplasia. At baseline, 21.8% of
individuals had at least one adenoma, including 7.6% with high-risk adenomas, and 1.4%
(n=22) had asymptomatic cancers with a median age of 52 (range 34–78).The standardized
prevalence ratio for CRC was significantly raised compared to the population of England.
The incidences of adenomas, high-risk adenomas and multiple adenomas by age were
analysed. As expected, the incidences increased with increasing age. Approximately 40% of
individuals had at least one adenoma, 20% had multiple adenomas and 18% had a high-risk
adenoma by age 70 years. A similar trend was demonstrated in average-risk populations but
with a much lower frequency of neoplasia (214, 215). Cancers were found more frequently in
individuals with multiple adenomas. There was no clustering of multiple adenomas within
families.
During follow-up surveillance, five cancers occurred within three years of a previous
colonoscopy although four of these cancers were detected at an early stage (T1 or T2). In four
of these cases, an adenoma was present at the previous colonoscopy. There is a well-described
miss rate of adenomas as well as cancers even with close colonoscopic surveillance (215). In
our analysis, we assumed that adenomas and cancers detected on follow-up colonoscopy had
developed since the previous examination. But of course, some of these cases may represent
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neoplasia that was previously missed. Six of the cancers were in the right side of the colon
and three were in the left colon. This is partly in contrast to Lindor et al. who report that in
FCC type X pedigrees the cancers were predominantly left-sided (97). A higher proportion of
the interval cancers compared with the cancers diagnosed at baseline colonoscopy were rightsided (67% vs. 26% respectively, p=0.017). This is in line with reports that colonoscopic
surveillance in the general population is much less effective at preventing right-sided than
left-sided sided cancers and may therefore also apply to FCC individuals (216). Despite these
nine CRC cases, the incidence of CRC in this study was very low at 1.14 per 1,000 person
years. This compares very favourably to 15.8 cancers per 1,000 person years in individuals
with LS undergoing surveillance, previously reported in the control arm of the CAPP2 study
(36).
Although multiple adenomas were not observed to subsequently develop in individuals with a
normal baseline colonoscopy, interval cancers predominantly were noted in individuals who
had already developed multiple adenomas. The incidence of adenomas and cancers increased
with age. These results support the idea that colonoscopic surveillance might be undertaken
less frequently at a younger age and in those that have not developed adenomas, whereas
those who have developed high-risk or multiple adenomas should undergo more frequent
colonoscopic surveillance (as is the current practice).

Paper III
This study has evaluated the risk of colorectal adenomas, advanced adenomas or cancer in
individuals with Lynch syndrome or a family history of CRC compared to an age- and
gender-matched control population.
In total nine cancers were found in the risk individuals and none in the control population. No
advanced stages cancers were found. Data from previous studies have demonstrated similar
results with increased number of prevalent cancers compared to what is expected in a
population with this age and gender distribution (99, 217, 218). The prevalence of adenomas
(14-24%) and advanced adenomas (4-7%) in the three groups with family history of CRC was
comparable to the corresponding data in an equivalent study (24). Compared to the control
population, all risk groups except OCR had significantly more individuals with adenomas and
advanced adenomas. In LS, the relative risk for advanced adenomas was 4 times higher and in
FCRC and TCR, the risk was more than doubled. These results support the assumption that a
family history of cancer substantially increases the risk for adenomas also where Lynch
syndrome is not diagnosed (219-222). The relative risk of having an adenoma or an advanced
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adenoma was different in the risk groups. LS had the highest risk and FCRC and TCR had
comparably increased risks, while for OCR this was less clear. Two previous studies have
observed similar results (217, 223), and one study indicated a similar detection rate and
demonstrated that the distributions of adenomas were similar both in LS and intermediate-risk
(FCRC and TCR) of CRC (218). This is consistent with the highest cancer risks in tested gene
carriers in LS and lower empiric risk figures for the other groups.
A previous study (224) and our study on the normal population in paper I, have noticed clear
gender differences and a significantly higher adenoma incidence among men. In this study,
this gender effect was noticed only for the FCRC risk group but not in the other three risk
groups. In this study, an association was observed between HP and adenomas in FCRC and
TCR, but in LS and OCR, no such association could be demonstrated. This was partly in
contrast to the study of the normal population in Paper I but also previous of risk groups (225,
226). No significant correlation between HP and advanced adenoma was observed in any of
the groups. One might speculate if this reflects a biological difference between adenomas and
advanced adenomas.
There are several potential error sources when comparing colonoscopy studies. One might be
that there is a bias when selecting the control population and another could be that the quality
of the colonoscopies is not comparable. A few studies, like ours, have used a well-selected
control population, which underwent colonoscopy for the sole purpose of a study (227, 228).
These two studies examined first-degree relatives of colorectal cancer patients, and as control
they employed volunteers for colonoscopy screening (227) or well-matched controls from
screening of individuals without family history (228). The prevalence of advanced adenomas
was also higher in the FDR of CRC patients than in controls; 11.3% versus 6.3% (227) and
7.5 versus 2.9%, respectively (228).
In conclusion, our study indicates that all risk groups at a screening colonoscopy have a
higher prevalence of cancers, advanced adenomas and adenomas compared to a control
population. This suggests that a screening program in all risk groups would be beneficial.

Paper IV
Surveillance by colonoscopy is commonly recommended for individuals with increased risk
of CRC due to family history, but recommendations for the interval between the exams and
the age at initiation of screening are not unanimous. Our key-question was whether some of
the known risk factors in the family history of CRC were more powerful than others in
predicting risk of developing CRC during surveillance. Furthermore, we wanted to explore
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how findings at the screening colonoscopy influenced findings of advanced lesions and
adenomas on subsequent surveillance. Due to the circumstance that very few cancers were
detected, the prevalence of advanced lesions was used instead of CRC as endpoint when
assessing the risks for CRC.
One aim was to explore whether having more distant relatives than FDR with CRC had an
impact on the prevalence of adenomas and advanced lesions. We observed that the risk of
advanced lesion was increased with the number of FDR with CRC in univariate (OR=1.8,
p<0.0001) as well as multivariate analysis (OR=1.3, p=0.04). This phenomenon was not
noted for adenomas, but on the other hand, the sum of SDR and TDR had a weak influence on
the prevalence of adenomas but not on advanced lesions; namely, having more distant
relatives with CRC did not seem to be important for the risk of developing advanced lesions.
Our results were in line with a recent study that could not demonstrate a direct relationship
between number or closeness of affected relatives and frequency of adenomas (229). On the
other hand, as shown in a meta-analysis by Wilschut (207), for the risk of developing
adenomas the existence of family history (defined as at least one FDR with CRC) seemed to
be more important than the exact number of FDR with CRC. In our study, only 25% of the
individuals had more than one FDR with CRC, so for the most part we evaluated the effect of
having one FDR compared to having no FDR with CRC. Furthermore, in a large populationbased study by Taylor et al (230) it was stressed that family history per se, without respect to
age, was not a strong predictor of exactly which individuals will acquire CRC in the next 20
years.
Having a family member afflicted by CRC before the age of 50 was observed to be of
importance for the risk of developing advanced lesions but not of developing adenomas. If
equating advanced lesions and CRC, our results were in line with Butterworth (93). Taylor
has also reported an increased risk of CRC if there was an FDR below the age of 50 but also
when there was an SDR with early onset of CRC (94). In fact, we have included FDR, SDR as
well as TDR with CRC below the age of 50 in our analysis, and having a relative with CRC at
early age was observed to increase the risk of advanced lesions. The observation that the risk
of having adenomas did not depend on CRC at early age in the family could suggest that,
even if adenomas are precursors of advanced adenomas, most will never develop into cancer
and thus the risk of CRC does not depend much on the findings of small adenomas (157).
In the present study, the risk for advanced adenomas was higher for siblings compared to
children/parents of the affected relative in the univariate analysis, but when adjusting for age
difference in risk could not be observed. Our results after adjusting for age were in contrast to
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many studies, which have observed that siblings of affected individuals have higher risk than
parents (93, 95, 231). On the other hand, our results were in line with other studies, one for
adenomas (232) and one for cancer (94). Moreover, in the univariate analysis in an Italian
study, an increased risk of colorectal neoplasia that was observed in siblings compared to
offspring but was not observed in the multivariate analysis (227). This might be interpreted as
reflecting aging of the family members accompanied with more siblings being afflicted by
CRC, rather than a true correlation.
In contrast to most studies, we did not observe a gender difference regarding the risk of
adenomas or advanced adenomas in our study (233), though a Japanese study reported the
same observation as ours (233). The absence of gender difference might partly be explained
by the fact that in most endoscopies dyeing by Indigo carmine was employed, facilitating a
higher detection rate of flat adenomas in the right colon of women. However, it is also
possible that environmental factors (e.g. hormones) could play a more important role in the
sporadic cases than in the familial cases.

This study also addressed risks associated with the findings at the screening colonoscopy and
with the findings at surveillance colonoscopies. A correlation between prevalence of HP and
adenomas has been noticed in previous studies (225, 234). In this study, HP at the screening
colonoscopy correlated with simple adenomas but not with advanced lesions at surveillance.
The lack of correlation between advanced lesions and HP might indicate that HP is not a
marker for risk of development of CRC. Simple adenomas at the first colonoscopy correlated
with adenomas but not with advanced lesions during surveillance. Indeed, Lieberman
concluded that one or two small tubular adenomas at the baseline colonoscopy represented a
low-risk group and multiple or advanced adenomas represented a high-risk group for
advanced neoplasia at follow-up (235).

In summary, our data indicated that influence of different risk factors on the prevalence of
adenomas and of advanced lesions diverged, possibly reflecting that simple adenomas and
advanced adenomas constitute different biological entities. Focusing on advanced lesions, this
study suggested that high age of the patient, high prevalence of FDR with CRC, early age of
onset in the family and findings of advanced lesions at the screening colonoscopy were risk
factors for subsequent advanced lesions during follow-up.
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Concluding remarks
In the four studies included in this thesis, we have observed:


Simple adenomas were commonly observed in the population with average risk for
CRC, though the prevalence of advanced adenomas was lower.



Adenomas, advanced adenomas and colorectal cancers were observed to be
significantly more prevalent in populations with Lynch syndrome or family history of
colorectal cancer compared to a population with average risk for CRC.



Individuals belonging to families with Familial CRC type X as well as Late Onset
Familial CRC had a high prevalence of CRC at screening and developed frequently
high-risk adenomas on follow-up, but infrequent interval cancers. They could be
managed similarly on follow-up.



Having one or more first-degree relative with colorectal cancer seemed to be an
important risk factor for advanced colorectal lesions. The risk seemed to increase with
increasing age of the patient and if there was a close relative with the disease below
the age of 50.



Advanced lesions and multiple adenomas at the screening colonoscopy were
associated with an increased risk of findings of advanced lesions on subsequent
surveillance.



Findings of small hyperplastic polyps were not observed as a risk factor or as a marker
for advanced lesions
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Abstract
Objective. There are few prospective studies of the prevalence of colonic neoplasia in the normal population. In order to
properly evaluate screening-protocols for colorectal cancer in risk groups (e.g., older subjects or those with a family history), it
is essential to know the prevalence of adenomas and cancer in the normal population. Methods. A prospective populationbased colonoscopy study on 745 individuals born in Sweden aged 19–70 years was conducted (mean age 51.1 years). All polyps
seen were retrieved and examined. Results. Out of the 745 individuals 27% had polyps, regardless of kind. Adenomas were
found in 10% of the individuals and ﬁnding of adenomas was positively correlated to higher age. Men had adenomas in 15%
and women in 6% of the cases. Women had a right-sided dominance of adenomas. Hyperplastic polyps were seen in 21% of the
individuals. The presence of hyperplastic polyps was signiﬁcantly positively correlated to the presence of adenomas. Advanced
adenomas were seen in 2.8% of the study participants, but no cancers were detected. Conclusion. One in 10 healthy subjects
had an adenoma but advanced adenomas were uncommon. Men and women have a different adenoma prevalence and
localization. The results provide baseline European data for evaluating colonoscopy screening-protocols for colorectal cancer
risk groups, and the ﬁndings may have implications for colon cancer screening in the normal, otherwise-healthy population.

Key Words: adenoma, colonoscopy, population-based, prospective

Introduction
Colorectal cancer (CRC) is one of the most common
cancers worldwide and is second in the cause of
cancer deaths in both men and women [1]. A vast
majority of the tumors develop in a multistep process
from benign adenomas to manifest carcinomas in the
adenoma-carcinoma sequence [2]. The fact that CRC
generally is preceded by removable benign lesions
makes the disorder potentially preventable [3]. Population screening for CRC through colonoscopy is
thus feasible. In the United States, colonoscopy is
offered as a primary screening tool for CRC for

persons ‡ 50 years. Population-based colonoscopy
screening for CRC has also been initiated in Germany
and Poland [4], but this is generally not standard in
the rest of the world. There is convincing evidence
that screening programs reduce both morbidity and
mortality due to CRC [5].
Still subject to debate, colonoscopy is not recognized
as a primary screening tool for CRC in the general
population in Europe – further evaluation is required,
as the screening process is costly in terms of ﬁnancial
and human resources [6]. It is, therefore, essential to
identify risk groups for colorectal cancer and to tailor
optimal screening protocols for these groups.
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In order to evaluate the beneﬁts of such protocols it
is crucial to know the prevalence of colonoscopic
ﬁndings in a normal population but true populationbased studies are lacking. There are colonoscopic
screening studies but most of the studies have been
performed in men [7-10], although women alone have
also been studied [11]. Selection by age is common;
most studies have a focus on the age group 50–75, but
also cohorts including younger age groups have been
studied [12,13]. Another drawback of many colonoscopy screening studies is that they are retrospective
[6,14]. Hence there is a risk of introducing an uncontrolled bias in colonoscopic screening studies. Whereas
the sex and age of subjects are easily controllable
factors, other factor such as socioeconomic status,
geographical origin and family history of colorectal
cancer, and even the presence of symptoms from the
gastrointestinal tract are not so easily controlled. Often
there is a lack of information needed to determine if a
cohort is skewed in some way by any of these factors.
We performed a population-based prospective
study in adults of both sex 19–70 years of age to
determine the prevalence of colorectal polyps and
adenomas. The dominant motive was that it is essential to know this prevalence when planning and
evaluating colonoscopy screening both in averagerisk groups and in groups with a higher risk for
colorectal cancer (e.g., due to a family history of
CRC). This study was a part of a larger study of
irritable bowel syndrome, but one of the subtargets was to survey the colonic pathology in a
normal population.
Ethical approval
Approval of the study was obtained from the local
Ethics Committee (No 394/01, Forskningskommitté
Syd). All participants gave their informed consent.

185

of 51% women and 49% men (Figure 1). The
3556 individuals in the study population received a
letter with the information that the study was a random population-based study on abdominal symptoms
and colonoscopy ﬁndings in the general population.
Subjects also received and completed a validated
abdominal/gastrointestinal symptom questionnaire
(ASQ) focused on abdominal and bowel symptoms.
Up to two reminders were sent and ﬁnally 2293 (64%)
individuals responded. Of these individuals, 43 were
not eligible for further participation due to disease,
pregnancy or change of residence.
Of the remaining eligible 2250 individuals,
1673 were invited by telephone to visit our gastroenterology clinic; of these 1352 agreed to participate
(Figure 1). Known reasons for refusing participation
in the study are listed in Figure 1. Of the 1352 individuals accepting to participate 1244 eventually came
to the clinic and met a consultant gastroenterologist,
who took a careful medical history and performed a
routine physical examination. During the visit they
received detailed written information about the study
and about the colonoscopy procedure. If they had
further questions they could contact the studynurse before signing an informed consent. Those
who accepted completed extensive questionnaires,
which were evaluated by a consultant gastroenterologist. Due to increased risk of colonoscopy complications, the following diseases excluded participation in
the study: recent cardiac infarction (in the previous
6 months), unstable angina pectoris, respiratory failure, warfarin treatment, renal failure, previous bowel
surgery and recent drug or alcohol abuse. Finally,
745 individuals accepted and were suitable for an
ileocolonoscopy (IC). Those who had colonoscopy
were representative of the whole native Swedish population except for gender. The selection process is
described in detail by Kjellström et al. [15].

Methods
Ileocolonoscopy
Study population
The target population consisted of the two adjacent
urban districts (Katarina församling and Soﬁa församling) surrounding Ersta Hospital, a private hospital in
Stockholm, Sweden, with special interest in gastrointestinal disorders. There were 38,646 inhabitants in
these districts in the year 2000. Since this study was a
part of a larger study of irritable bowel syndrome, only
individuals born in Sweden were included in order to
standardize risk factors. From the adult population
born in Sweden (33,992 individuals 19–70 years of
age), the sample population of 3556 was randomly
drawn using the national population register. This
was assigned as the study population, which consisted

The colonoscopies took place at Ersta Hospital from
5 June 2002 to 31 October 2006. On the day preceding the colonoscopy the participant abstained from
solid food. The bowel was cleansed by 45 ml of
Phosphoral (sodiumPhosphateDibasic/sodiumPhosphateMonobasic) p.o., taken twice with a 4-h interval. The endoscopies were performed by seven
consultant gastroenterologists, each with experience
of between 2000 and 8000 ileocolonoscopies. One of
the authors (LK) performed 52% of the ileocolonoscopies and the other endoscopists did between 5 and
12% each. Sedation and analgesics were given according to demand. The endoscopists were unaware of the
patient’s previous medical history, and they were
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Target population
n = 33992, age 19–70 years
Random sample
Study population n = 3556
(49% men, 51% women)
Mailed questionnaire

Non-eligible n = 209 (3 diseased, 186
wrong address, 20 medical reason)
Non-responders n = 1054

Responders to mail
n = 2293
Non-eligible n = 43, not
reachable by telephone n = 577,
declined n = 321, did not come
to visit n = 108

Invitation to clinic
Visit to clinic n = 1244
Physical exam, questionnaires

IC contraindicated n = 13
Declined n = 486

Invitation to IC

Ileocolonoscopy (IC)
n = 745
323 (43%) men, 422 (57%) women

At least one polyp
n = 205 (27%)

At least one adenoma
n = 75 (10%)

At least one hyperplastic
polyp n = 158 (21%)

Advanced adenomas
n = 21 (2.8%)
Figure 1. Selection of random sample to generate 745 ileocolonoscopies and outcome of colonoscopic ﬁndings.

carefully instructed about the aims of the study and
the protocol. All endoscopists were aware that the
colon should be scrutinized for every single lesion,
and that all polyps should be removed and sent for
pathological anatomical diagnosis. All polyps were
recorded according to localization, size and appearance. The size of the polyp was estimated with the use
of open-biopsy forceps. All detected polyps were
removed endoscopically, snared, taken by cold biopsy

or coagulated. The localizations of the polyps in the
colon were speciﬁed as cecum, ascending colon,
transverse colon including the ﬂexures, descending
colon, sigmoid colon, rectosigmoid colon or rectum.
A polyp located in cecum, ascending colon, transverse
colon or splenic ﬂexure was considered as proximal or
right-sided. The polyps were classiﬁed as distal or leftsided when located distal to the splenic ﬂexure. All
complication data were recorded.
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Histopathological evaluation

Table I. Characterization of 115 adenomas found in 75 individuals
in a cohort of 745 ileocolonoscopies.

All lesions retrieved endoscopically were sent to
two experienced pathologists with special interest
in gastrointestinal pathology (Åke Öst and Lennart
Franzén, Medilab, Stockholm, who were unaware of
the patients’ medical history and endoscopic ﬁndings). A routine Haematoxylin-Eosin staining was
used. The adenomas were classiﬁed according to
the WHO classiﬁcation as tubular (TA), tubulovillous
(TVA), villous (VA) or serrated (SA). The grade of
dysplasia was graded as high-grade (HGD) or lowgrade (LGD). A colonic adenoma was classiﬁed as
advanced if it had an estimated diameter > 10 mm, a
villous component > 20% or high-grade dysplasia.

Gender in 75 individuals
with adenoma

Statistical methods
Statistical calculations were made by using the Statistica software (version 7.0), StatSoft Inc. Statistical
methods used were Student’s T-test and Pearson’s
chi-square. Results were considered as signiﬁcant
when the p value (two-sided) was < 0.05.

Histopathology in
115 adenomas

Men

49 (65%)*

Women
TA

26 (35%)
96 (83%)

TVA
SA
LGD

Grade of dysplasia in
115 adenomas
Size of adenoma in
115 adenomas

Advanced adenomas of
115 adenomas
Localization of adenomas
in 75 individuals

14 (12%)
5 (4%)
107 (93%)

HGD
<5 mm

8 (7%)
78 (68%)

5–10 mm
>10 mm

29 (25%)
8 (7%)
22 (19%)**

Right only

27 (36%)
(15 women, 12 men)***
42 (56%)
(10 women, 32 men)
6 (8%)
(1 woman, 5 men)

Left only
Both

Abbreviations: TA = tubular adenoma; TVA = tubulovillous
adenoma; LGD = low grade dysplasia; HGD = high grade dysplasia;
SA = serrated adenomas.
*p < 0.001; **Seen in 2.8% of the individuals; ***p < 0.01.

Results
Of the 745 ileocolonoscopies performed, 702 (94%)
were total colonoscopies, that is, the cecum was
reached or the distal ileum intubated. Of the individuals colonoscopied 422 (57%) were women and
323 (43%) were men. There were no complications
reported from the colonoscopies or polypectomies.
Polyps were found in 27% (n = 205) of the examined individuals while 73% (n = 540) had no polyps.
The polyp detecting range among the endoscopists
was 13–30%. There were 115 adenomas found in
75 (10%) of the individuals, 49 men and 26 women
(Table I). Multiple adenomas were found in 13 individuals with 2.5 (range 2–5) on average. Advanced
adenomas were seen in 2.8% of the individuals.
Serrated adenomas were found in 5 (0.7%) of the
individuals or in 4% of the adenomas. Hyperplastic
polyps were seen in 157 (21%) individuals. Of the
participants 28 (4%) had both adenomas and hyperplastic polyps (Table II). No cancers were detected.
The adenomas are described in detail in Table I.
There was a dominance of TAs and the vast majority
showed LGD; in total there were 8 adenomas (7%) with
HGD. The majority of the adenomas were small:
78 (68%) were <5 mm in diameter and only 8 (7%)
were >10 mm. The adenomas were located on the right
side of the colon in 27 of the individuals, 42 left-sided
and 6 individuals had adenomas both on the left and the
right side. Out of the 115 adenomas, 22 (19%) were
classiﬁed as advanced, found in 21 individuals (Table I).

The mean age in the cohort was 51.1 (range 19–70)
years and in the group with adenomas it was
60.0 (range 34–70) years (Table III). This difference
was signiﬁcant (p < 0.001, Student’s T-test). Occurrence of more than one adenoma was also correlated
to higher age (p = 0.04, Student’s T-test). The same
phenomenon was noted concerning advanced adenomas; of the 21 individuals 12 were ‡ 60 years and
9 were in the age-group of 45–59 years.
When the cohort was stratiﬁed into three age classes
(< 45 years, 45–59 years and ‡ 60 years), there were
signiﬁcantly more adenomas in the oldest agegroup (p < 0.0001, Chi-square). It was seen that
3% in the youngest age-group had adenomas, compared to 20% in the oldest age-group (Table IV).
In the female group 60% of the adenomas were
right-sided in contrast to the male group where 27%
Table II. Adenomas are more common in individuals with
hyperplasic polyps (HP).

No adenoma
One or
more adenoma
Total

No HP found
(expected number)

HP
(expected number)

540 (528)
73%
47 (59)
6%

130 (142)
17%
28 (16)
4%

670
90%
75
10%

587
79%

158
21%

745
100%

Pearson’s Chi-square analysis for hyperplasic polyps and adenomas.
p = 0.0003 c2 = 13.0.
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Table III. Mean age of individuals stratiﬁed by colonoscopic ﬁndings.

Number (%)
Mean age (range)

Colonoscopy
cohort

One or
more polyps

One
adenoma

Two or more
adenomas

Hyperplastic
polyps

Both hyperplastic
polyp and adenoma

745
51.1 (19–71)

205 (27%)
56.6 (20–71)

62 (8%)
60.0* (34–71)

13 (2%)
64.5* (53–69)

158 (21%)
55.8 (20–71)

27 (4%)
60.4 (34–70)

Patients with one adenoma or more were signiﬁcantly older than those without adenomas: *p < 0.001.
The group with two adenomas or more is signiﬁcantly older than those with only one adenoma: *p = 0.04.

of the adenomas were located on the right side. This
difference was signiﬁcant (p = 0.009, Chi-square).
Men had signiﬁcantly more adenomas than expected
compared to women (p = 0.001, Chi-square)
(Table I). With respect to the hyperplastic polyps
there was no difference in location between the sexes.
There were signiﬁcantly more adenomas in the population with hyperplastic polyps (p = 0.0003). There
were 28 individuals with both adenomas and hyperplastic polyps compared to the 16 expected (Table II).
Discussion
Screening populations for CRC traditionally begins at
an earlier age if they have a familial history or other
established risk factors compared with the population
with a normal risk for CRC. In order to properly
evaluate screening-protocols for colorectal cancer in
high-risk groups, it is essential to know the prevalence
of adenomas and cancer in the normal population. As
such data are scarce, we designed a prospective
population-based study to evaluate the presence of
polyps, adenomas and cancer in a Swedish population
aged 19–70 years. Of the 745 individuals 27% had
adenomas or hyperplastic polyps. Adenomas were
found in 10% of the individuals (6% in women,
15% in men) and hyperplastic polyps in 21%.
Advanced adenomas were seen in 2.8% of the individuals, while no cancers were detected.
The prevalence of adenomas in the present study is
lower but comparable to those rates found in three
other studies (Table V) [14,16,17]. In Table V the
age-group 40–49 years was excluded from these studies since this group were mainly referred due to family
history of colorectal cancer and therefore their data
were not fully comparative to ours. In our study
advanced adenomas were found in a minority
(2.8%) of the population, predominantly in the age
group ‡ 60 years, but these ﬁndings are comparable to
Lin’s study which had a mean age most similar to ours
(Table V). It is a well-established fact that increased
age is positively correlated with a higher prevalence of
adenomas [18], which also was shown in the present
study; in those > 60 years old 20% had adenomas
compared to 5% in the cohort < 60.

In this study > 60% of the attendants at the clinic
accepted ileocolonoscopy. We have data indicating
that those undertaking colonoscopy in the present
study are a good approximation to the normal
population, aside from the sex distribution in younger individuals [15]. The population-based study
design where the participants were neither referred
to colonoscopy due to gastrointestinal symptoms
or hereditary factors, nor invited for colorectal
cancer screening might have contributed to a lower
number of adenomas.
In addition to age and study design, other factors
may also have inﬂuenced the prevalence of adenomas
in our study: the fact that all polyps were retrieved and
examined, the sex distribution, the exclusion of individuals born abroad, and the socio-economic status of
the individuals examined. In our study every visible
polyp was retrieved, but in general clinical practice
small rectal polyps are not always removed. Overall
57% of the participants were women; a skewed sex
distribution is a well-known phenomenon in colorectal screening studies [17,19].
The fact that 11% of the individuals living in the
two parishes were excluded from the study, since
they were born abroad, is unlikely to represent a
potential source of selection bias. Hemminki [20]
reported that the relative risk for colorectal
cancer did not differ considerably between ﬁrstgeneration immigrants and native Swedes. One
can speculate that this also could be true for
adenomas considering them as a precursor lesion
to cancer. It is, therefore, reasonable to presume
that the exclusion of immigrants did not inﬂuence
the rate of adenomas. It also seems unlikely that
socioeconomic status would inﬂuence the rate of
adenomas. Our population was urban and more
well educated than average but we do not believe
that it would have made any difference. In a
publication from the Swedish National Board of
Health and Welfare it was established that the
incidence and mortality in colorectal cancer did
not differ substantially among different socioeconomic groups in the ages < 70 years, and we
therefore assume that the same is true for prevalence of colorectal adenomas. (http://www.
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Table IV. Prevalence of adenomas and hyperplastic polyps (HP) in 745 individuals stratiﬁed by age. The absolute numbers and the percentage
with a 95% conﬁdence interval are given.
Age class

Number
of patients

Number with
adenomas % (95%CI)

Number with
HP % (95%CI)

Both adenoma
and HP % (95%CI)

<45 years

215

6
2.8% (0.6–5.0%)
24
8.0% (4.9–11.1%)
45
19.6% (14.4–24.7%)*
75
10% (7.9–12.2%)

28
13.1% (8.5–17.6%)
60
20.1% (15.5–24.6%)
70
30.4% (24.4–36.4%)*
158
21% (18.2–24.1%)

3
1.4% ( 0.2–3.0%)
6
2.0% (0.4–3.6%)
19
8.2% (4.7–11.8%)**
28
4% (2.4–5.1%)

45–59 years

300

‡60 years

230

Total

745

*p < 0.001 Pearson’s Chi-square.
**p < 0.05 Pearson’s Chi-square.

socialstyrelsen.se/Lists/Artikelkatalog/Attachments/
18274/2011-326.pdf)
Of the men 15% presented adenomas compared
to 6% of the women, a trend similar to that in
another study [12]. Women showed a rightsided dominance of their adenomas compared to
men, 60% versus 27 percent, also noted previously
[11]. These observations suggest that total colonoscopy will have a higher yield compared to ﬂexible
sigmoidoscopy, especially when screening women
for colorectal neoplasia. No cancers were observed,
but this was anticipated, since the expected number
of cancers in our population was 0.3. Of the 115 adenomas 68% were < 5 mm in diameter. Since in
addition 83% of the adenomas were tubular adenomas and 93% had low-grade dysplasia, the majority
of the adenomas were low-risk adenomas. The
frequency of serrated adenomas was low, only
seen in 4% of the adenomas [21]. These relatively
scarce ﬁndings of advanced adenomas suggest this
was a relatively healthy population.
One drawback of this study is that the patients
were not asked about family history concerning
colorectal cancer. It would have been of interest to
compare the adenoma ﬁndings in those with family
history with those without family history but this can

be the subject of further studies of this population.
There were three endoscopists (representing 30% of
the endoscopies) that detected less polyps and adenomas than the other four, but > 50% of the colonoscopies were done by one of the authors who had
the highest adenoma yield, and the withdrawal time
for all was ‡ 10 min, supporting the assumption that
the results are robust.
As has been showed in an earlier study [22] the
presence of hyperplastic polyps was signiﬁcantly positively correlated to the presence of adenomas; in 4%
of the investigated cohort we found coexistence
between hyperplastic polyps and adenomas (Table
II). The presence of hyperplastic polyps should
thus alert the colonoscopist to the potential ﬁnding
of adenomas [22,23].
To summarize, we report a prospective randomly
selected population colonoscopy study where all
detected colonic lesions were retrieved and examined,
depicting the polyp prevalence in the normal population. To the best of our knowledge this is the ﬁrst
prospective population-based colonoscopy study with
a focus on the normal population. Adenomas were
found in 10% of the individuals, (6% in women, 15%
in men) a lower ﬁgure than other studies, and
advanced adenomas were uncommon, only 2.8% in
this study. There was a positive correlation between the

Table V. Comparison of colonoscopy studies.

Type of study
Number of individuals
Men (%)
Ages (mean)
Prevalence of adenomas (%)
Prevalence of advanced adenomas

Current study

Lin et al. [16]

Regula et al. [17]

Strul et al. [14]

Prospective
population-based

Prospective
screening

Retrospective
screening

Retrospective
screening

745
43
19–70 (50.1)
10.1
2.8

1034
47
50–54 (51.7)
13.9
3.2

43,042
37
50–66 (NA)
14.9
5.9

1117
47
50–75 (NA)
21.3
5.5
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occurrence of hyperplastic polyps and adenomas.
These ﬁndings have implication for colon cancer
screening in the normal, otherwise-healthy population.
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Approximately, 3–5% of all cases of colorectal cancer (CRC)
are associated with a highly-penetrant, dominantly inherited
syndrome. These syndromes may be identiﬁed due to a
strong family history of CRC and, by their phenotype or by
germline genetic testing, and their clinical management is
ﬁrmly established.1,2 The most common syndrome is Lynch

syndrome (LS) (previously known as hereditary nonpolyposis
colorectal cancer—HNPCC). LS is caused by an inherited
alteration of DNA mismatch repair genes (MLH1, MSH2,
MSH6 or PMS2), which results in DNA microsatellite instability (MSI) in the tumor. Familial adenomatous polyposis
and the hamartomatous syndromes are rarer. Familial
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Surveillance guidelines for the management of familial colorectal cancer (FCC), a dominant family history of colorectal cancer
in which the polyposis syndromes and Lynch syndrome have been excluded, are not firmly established. The outcome of colonoscopic surveillance is studied using data from six centers. DNA mismatch repair deficiency was excluded by genetic testing.
Families were classified as FCC type X if they fulfilled the original Amsterdam criteria (AC) and late onset (LOFCC) if they fulfilled the AC apart from not having a cancer aged under 50. The most advanced findings on colonoscopy were analyzed. One
thousand five hundred eighty-five individuals (median age 47.3, 44% male) from 530 FCC families (349 FCC type X) underwent
a total of 4,992 colonoscopies with 7,904 patient-years of follow-up. Results for FCC type X and LOFCC were very similar. At
baseline, 22 prevalent asymptomatic colorectal cancers were diagnosed, 120 (7.6%) individuals had high-risk adenomas and
225 (14.2%) simple adenomas. One thousand eighty-eight individuals had a further colonoscopy (median follow-up of 6.2
years). Of nine individuals diagnosed with cancer, eight had a previous history of at least one polyp/adenoma. High-risk
adenomas were detected in 92 (8.7%) and multiple adenomas were detected in 20 (1.9%) individuals. Both FCC type X and
LOFCC have a high prevalence of colorectal cancers and on follow-up develop high-risk adenomas (including multiple adenomas), but infrequent interval cancers. They should be managed similarly with five-yearly colonoscopies undertaken from
between 30 and 40 with more intensive surveillance in individuals developing multiple or high-risk adenomas.
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What’s new?
About 3-5 percent of colorectal cancer cases are associated with a highly penetrant dominant inherited syndrome. However,
established guidelines for the surveillance of Familial Colorectal Cancer (FCC), in which the Polyposis syndromes and Lynch
syndrome have been excluded, are lacking. This study suggests that FCC and late-onset FCC (LOFCC) patients should be managed with five-yearly colonoscopies between ages 30 and 40, with more intensive surveillance in individuals who develop
multiple or high-risk adenomas. Little evidence was found to support intensive screening before age 30.

colorectal cancer (FCC) refers to the larger number of families who have dominantly inherited CRC but no polyposis
phenotype and no evidence of altered DNA mismatch repair
genes. Families who fulﬁll the three Amsterdam Criteria I for
HNPCC [(i) At least three relatives over two generations
affected with a CRC one of whom is a ﬁrst-degree relative of
the other two, (ii) FAP excluded, (iii) one CRC diagnosed
aged under 502], are referred to as FCC type X, and families
who fulﬁll the criteria, except that they have no relatives
diagnosed with CRC under the age of 50 years, are referred
to as Late Onset FCC (LOFCC).
Lindor et al. have investigated the phenotype of FCC type
X families and have shown that there is no increased incidence of the extra-colonic cancers (endometrial, ovarian,
stomach, brain and small intestine) associated with LS and
that the risk of CRC appears to be less than in LS.3 Authors
of this study have previously undertaken studies on the outcome of colonoscopic surveillance in FCC type X families.4–7
Nevertheless, there is still a paucity of prospective evidence
as to how the risk of CRC should be managed in FCC. The
aim of this study was to use data pooled from six European
centers to evaluate the outcome of prospective colonoscopic
surveillance of individuals from FCC families to see whether
recommendations for surveillance could be made based on
the results. The protocols for surveillance vary between the
centers and thus provide some information on the relative
beneﬁt of different age at initial surveillance and different
intervals between surveillance colonoscopies.

Material and Methods
We approached European centers that have prospectively collected colonoscopic surveillance data from individuals from
families at a high risk of CRC. The data presented are from
six centers; Central Manchester University Hospitals NHS
Foundation Trust, Manchester, UK; German Consortium for
Hereditary Non-Polyposis Colorectal Cancer, Germany; The
Danish HNPCC-register, Copenhagen University Hospital,
Hvidovre, Denmark; Karolinska University Hospital, Stockholm, Sweden; The Netherlands Foundation for the Detection
of Hereditary Tumours, Leiden, The Netherlands and St
Mark’s Hospital, London, UK.
Data were collected for individuals from FCC families.
Patients eligible for the study were the ﬁrst-degree, at-risk
relatives of the deﬁning CRC triad undergoing colonoscopic
surveillance. The group was divided into FCC type X and
LOFCC. Individuals from families with known germline LS
mutations were not eligible.

DNA mismatch repair deﬁciency was excluded in the families by one of two methods in each of the centers and families were deﬁned into two groups:
 Tumor testing group: One or more CRC tumors tested
within each pedigree of which >50% tumors are microsatellite stable (MSS) (Bat 26 sufﬁcient) and/or do not demonstrate loss of expression of the DNA mismatch repair
genes (MLH1, MSH2, MSH6 or PMS2) using
immunohistochemistry.
 Germline testing group: families in whom only germline
sequencing of at least the DNA mismatch repair genes
MLH1 and MSH2 has been undertaken and no mutations
detected.
For all eligible patients, data were collected on: (i) family
history (Amsterdam Criteria I/family history, details of any
metachronous and/or synchronous colorectal lesions in any
deﬁning triad member, details of any individual with a cancer
(colorectal and extra colonic) found within the family including their sex, age, DNA MSI testing, date of birth, date of
death, site of cancer, stage of cancer); (ii) patients undergoing
colonoscopy (age, sex, date of birth, date of death); (iii) colonoscopy details for each colonoscopy performed (date, result,
details of any tissue removed including histology, site, size,
hyperplastic polyp, adenoma (tubular or villous), grade of
dysplasia and whether colonoscopy was complete to cecum).
Pseudonymized data from each center were sent retrospectively to DM and data were reformatted and pooled to a
single secure database. Data sent and details of each center
are shown in Table 1.
The baseline colonoscopy was deﬁned as the ﬁrst colonoscopy undertaken in an individual. All subsequent colonoscopies are considered to be in the follow-up period of
surveillance. We identiﬁed all cancers found at the baseline
colonoscopy (or due to immediate follow-up of an abnormal
baseline colonoscopy). If the baseline colonoscopy was performed due to symptoms, cancers were considered to be
symptomatic and excluded from both the baseline analysis
and any follow-up analysis. Otherwise, any cancer detected
was considered to be “(asymptomatic), prevalent screen
detected” and the results of further surveillance for these
individuals were excluded from the follow-up analysis.
The endpoints of the study are presence of adenomas or
cancer. Multiple adenomas were deﬁned as an occurrence of
three or more adenomas on any one colonoscopy, ﬁve or
more adenomas by the age of 50 years, eight or more by age
60, 11 or more by age 70 or 14 or more adenomas over total
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October 1991

July 1976

March 1991

May 1973

2002

1999

1991

1990

1987

1985

Central Manchester University Hospitals
NHS Foundation Trust (Manchester)

German Consortium for
Hereditary Non-Polyposis
Colorectal Cancer (German
Consortium)

The Danish HNPCC-register (Denmark)

Karolinska University Hospital
(Stockholm)

The Netherlands Foundation
for the Detection of
Hereditary Tumours (The
Netherlands)

St Mark’s Hospital Cancer Research UK
Family Cancer Clinic (London)
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All

All

All

All

Denmark

Stockholm

The Netherlands

London

134 [134:0]

18 [17:1]

76 [73:3]

122 [80:42]

148 [104:43]

316

149

302

559

180

79

353

1,232

1,585

Individuals
under
surveillance (n)

1,365

610

626

1,474

732

185

1,136

3,856

4,992

n

4 (1, 18)

4 (1, 12)

2 (1, 8)

2 (1, 15)

3 (1, 19)

2 (1, 7)

3 (1, 15)

2 (1, 19)

2 (1, 19)

Median
(range)

Surveillance
colonoscopies

2,867.3

1,116.9

817.0

1,965.0

836.2

311.3

1,677.5

6,226.2

7,903.7

n

8.7 (0, 30.6)

7.6 (0, 34.9)

2.5 (0, 13.1)

2.2 (0, 23.2)

3.0 (0, 25.2)

2.9 (0, 13.7)

4.0 (0, 25.2)

3.2 (0, 34.9)

3.4 (0, 34.9)

Median
(range)
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42.2 (17.5, 82.0)

50.3 (18.3, 81.1)

51.0 (25.0, 84.0)

47.8 (21.7, 98.3)

47.8 (23.0, 85.3)

41.7 (21.3, 70.3)

48.7 (21.3, 98.3)

47.1 (17.5, 84.0)

47.5 (17.5, 98.3)

37.3

38.9

48.3

45.3

52.2

40.5

43.6

44.4

44.2

Sex
(% Male)

60.1

87.3

18.5

100.0

70.6

81.0

89.2

65.8

71.0

FCC
classification1 %
FCC type X)

All individuals were flagged by the NHS Information Centre to identify cancer diagnoses
and deaths.

Hyperplastic polyps not reported. No LOFCC
families from centre

No details of site of colonoscopic finding

Additional information

Age (years)
Median
(range)

May 2009 (updated June
2011)

March 2009 (updated
November 2010)

August 2010

April 2009 (updated May
2011)

March 2010 (updated
December 2010)

September 2010

Date data sent for inclusion

Total years of follow-up

5-yealy until mid-1990s. Since: AC: 2
yearly LOFCC: 3–5 yearly

From age 20–25. Prior to 1995, 2–3
yearly. 1995 onwards 1–2 yearly

All families two-yearly surveillance from
1990. From 1994 Lynch
syndrome two-yearly and LOFCC threeyearly surveillance

2-yearly, These are national guidelines
and the screening procedures are performed locally

Annually from age 25

Late onset FCC: every 3–5 years from 5
years before the age of the youngest
diagnosis in the family

colonoscopic
surveillance intervals

All families classified as FCC type X or late onset FCC.
Numbers given are total number of families [number of families with tumor testing:number of families with germline testing only].

1

All

German
Consortium

98 [0:98]

Germline testing

33 [24:9]

432 [432:0]

Tumour
testing

All

530 [432:98]

All

Manchester

Combined

Center

Families (n)
[Tumor testing:
Germline testing]2

Table 2. Surveillance data, by centre

1975

June 1979

Date colonoscopic
surveillance recorded

Center

Date registry
established

Table 1. Centre characteristics and data provided

Mesher et al.

941

942

surveillance period. High-risk adenomas were deﬁned as an
adenoma with villous histology or a diameter > 10 mm or
high-grade dysplasia.
The pooled analysis of pseudonymized data is considered
to be service evaluation and did not require ethical approval
in the UK. Ethical approval was obtained locally, where
required, for the original data collection.
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observed exactly), the Kaplan–Meier estimates are not appropriate, hence the proportion of colonoscopies with an event
is estimated by smoothing (we used the Stata command lowess which is similar to a moving average) and the result is
forced to be non-decreasing in age by applying the pool adjacent violators algorithm.10

Results

Epidemiology

Statistical methods

Total surveillance period is taken from the time of the baseline colonoscopy to the last colonoscopy (excluding those
after the diagnosis of CRC) for each individual under
surveillance.
We initially report the most advanced ﬁnding on the baseline colonoscopy for each individual (Normal, Hyperplastic
polyp(s), Adenoma(s), High-risk adenoma, CRC). This result
is tabulated against familial phenotype. Percentages are
weighted to standardize by age group to allow for differences
in the age at ﬁrst screen between individuals from FCC type
X and LOFCC families.
Using published data from the Flexi-sig trial,8 we estimated
the number of distal cancers detected soon after randomization in the screened arm to be approximately equal to the
number of distal cancers diagnosed within 4.0 years of randomization in the control arm. Assuming the lead-time distribution and sensitivity of endoscopy in this study was similar
to that in the Flexi-sig trial, the number of CRCs found in the
baseline colonoscopy here would be similar to the number
expected over 4 years in the absence of screening. Had our
cohort had average population risk, the “expected” number of
incident cancers in the four years following baseline colonoscopy was calculated using CRC rates from England for 2009
stratiﬁed by sex and 5-year age group.9
The most advanced pathological ﬁnding on any subsequent colonoscopy is presented according to the baseline
colonoscopy result.
Rates of (ﬁrst) adenoma, high-risk adenoma and CRC
(dependent on age, sex, familial phenotype and previous ﬁndings) are calculated with individuals censored at the ﬁrst
event (as this may prevent the subsequent development of
high-risk adenomas or cancers). Events found at a colonoscopy are assumed to have developed between the previous
colonoscopy and the diagnosing colonoscopy.
In order to estimate the cumulative proportion of subjects
at different ages with a particular event (adenoma/multiple
adenomas/high-risk adenoma/CRC), we consider the time to
ﬁrst event in an individual. For each individual and each
event type, we consider the last colonoscopy before an event
was found and the ﬁrst colonoscopy on which an event was
found. The data are interval censored as the date of an event
is only known to be at some point since an individual’s previous colonoscopy. For individuals without an event, we consider only their last colonoscopy. Similarly, only the ﬁrst is
used for an individual with an event found at baseline. As
event times are either left-censored or right censored (never

The outcome of colonoscopic surveillance was collected for
1,585 at-risk individuals from 530 FCC families from the six
European centers. A total of 4,992 colonoscopies have been
undertaken with 7,904 person-years of follow-up.
DNA mismatch repair deﬁciency was excluded by testing
one or more cancer for MSI and/or immunohistochemistry
in 81.5% of families and by germline genetic testing of
MLH1 and MSH2 alone in 18.5% of families. The method
used varied between centers between 66% and 100% of families classiﬁed by tumor testing at each center. The median
number of colonoscopies per individual ranged from 2 to 4
across centers and median total follow-up ranged from 2.2
years to 8.7 years. Age at baseline colonoscopy and the proportion of males was similar across centers with median values of 47.5 years and 44%, respectively. Full details are
shown in Table 2.
Of 1,585 individuals under surveillance, 1,126 (71%) were
from families classiﬁed as FCC type X and 459 (29%) from
LOFCC with a total of 3,790 and 1,202 surveillance colonoscopies, respectively. Median follow-up was slightly higher
amongst individuals from FCC type X families compared to
LOFCC (median (range) follow-up time: 4.1 years (0, 30.6)
and 3.0 years (0, 34.9) respectively).
Findings at baseline colonoscopy

In total, there were 44 (2.8%) cancers that were identiﬁed
either at the baseline screen or on further investigation of an
abnormality detected at baseline colonoscopy. The age at cancer diagnosis ranged from 31 to 79 years (median age 51.5
years). Twenty-two cancers were diagnosed in individuals
who were symptomatic (e.g., change in bowel habit, rectal
bleeding or anemia) at the time that they were referred for
colonoscopy and these cases were excluded from analysis. In
the remaining 22 individuals, cancers were classiﬁed as
asymptomatic prevalent cancers. Based on data of CRC diagnoses in England in 2009,9 we calculated an expected number
of prevalent cancers on the baseline colonoscopy of 4.08. Relative to this, the 22 asymptomatic prevalent cancers yield a
(standardized prevalence) ratio of 5.4 (95% CI 3.4–8.2) compared to the general population. Of the 44 cancers, 32 were
from the left side of the colon and 11 from the right (there
were slightly more cancers from the left side of the colon
amongst those with symptoms than those who were asymptomatic: 86% vs. 64%, respectively).
At least one adenoma was reported in 345/1,585 (21.8%)
individuals and, of these, 120/345 (34.8%) were categorized
as high-risk adenomas. The age at ﬁrst screen amongst
C 2013 UICC
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Table 3. Worst result at baseline for each individual (by subgroup). Numbers shown are n (age standardized percentage)
Subgroup

1

Worst result

FCC type X

Late onset FCC

Total

Normal

760 (66.8)

256 (57.6)

1016 (64.1)

No histology recorded

28 (2.5)

10 (2.1)

38 (2.4)

Metaplastic/Hyperplastic Polyp

96 (8.5)

68 (14.7)

164 (10.3)

Adenoma(s)

151 (13.9)

74 (15.3)

225 (14.2)

High risk Adenoma1

75 (6.9)

45 (9.3)

120 (7.6)

Colorectal cancer

16 (1.5)

6 (1.1)

22 (1.4)

Total

1126 (100)

459 (100)

1585 (100)

High Risk Adenoma is defined as an adenoma with villous histology or a diameter of 10 mm or greater or high-grade dysplasia.

Table 4. Initial result vs. worst colonoscopic result after initial colonoscopy amongst FCC type X families
Worst follow-up result
Worst baseline result

Normal

Hyperplastic
Polyp

Adenoma

Multiple
adenomas

High Risk
adenoma

Normal

326 (63.8)

54 (10.6)

91 (17.8)

6 (1.2)

32 (6.3)

Cancer
2 (0.4)

511 (100)

Hyperplastic Polyp

19 (25.3)

25 (33.3)

14 (18.7)

7 (9.3)

9 (12.0)

1 (1.3)

75 (100)

Adenoma

38 (36.5)

10 (9.6)

36 (34.6)

7 (6.7)

12 (11.5)

1 (1.0)

104 (100)

Multiple adenomas

3 (18.8)

2 (12.5)

1 (6.3)

2 (12.5)

6 (37.5)

2 (12.5)

16 (100)

High risk adenoma

24 (40.7)

2 (3.4)

11 (18.6)

1 (1.7)

21 (35.6)

–

59 (100)

Total

410 (53.6)

93 (12.2)

153 (20.0)

23 (3.0)

80 (10.5)

6 (0.8)

765 (100)

Total

Total

Table 5. Initial result vs. worst colonoscopic result after initial colonoscopy amongst late onset FCC families

Worst baseline result

Normal

Adenoma

Multiple
adenomas

High Risk
adenoma

Normal

100 (64.9)

17 (11.0)

26 (16.9)

4 (2.6)

7 (4.5)

Cancer
–

154 (100)

Hyperplastic Polyp

17 (40.5)

11 (26.2)

8 (19.0)

–

5 (11.9)

1 (2.4)

42 (100)

Adenoma

22 (40.0)

9 (16.4)

17 (30.9)

1 (1.8)

6 (10.9)

–

55 (100)

Multiple adenomas

1 (25.0)

–

1 (25.0)

–

1 (25.0)

1 (25.0)

4 (100)

High risk adenoma

11 (33.3)

3 (9.1)

5 (15.2)

2 (6.1)

11 (33.3)

1 (3.0)

33 (100)

Total

151 (52.4)

40 (13.9)

57 (19.8)

7 (2.4)

30 (10.4)

3 (1.0)

288 (100)

Numbers shown are n (percentage)

individuals from type X families was slightly younger than
those from LOFCC families (51 years vs. 54 years). Adjusting
for age, the results were similar for those families classiﬁed
by tumor and by germline genetic testing. There was a
slightly higher proportion of normal colonoscopy in individuals from FCC type X than LOFCC families (66.8% vs. 57.6%
respectively, p < 0.0001) (Table 3).
Findings at follow-up surveillance colonoscopy

Of the 1,541 individuals who were not diagnosed with CRC
at baseline colonoscopy, 1,088 (70.6%) had at least one furC 2013 UICC
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ther colonoscopy of whom 1,053 (96.8%) had at least one
result recorded. The worst (most advanced pathology) result
on follow-up relative to the baseline colonoscopy result is
shown in Tables (4–6). It is seen that the results for FCC
type X and LOFCC are similar (Tables 4 and 5). In the
cohort as a whole (Table 6) over a third of individuals with
either a high-risk adenoma or multiple adenomas at baseline
had a high-risk adenoma or cancer on follow-up. If we considered a more established deﬁnition of multiple adenomas
(i.e., three or more adenomas on any one colonoscopy or ﬁve
or more adenomas throughout the colonoscopic surveillance)
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Table 6. Initial result vs. worst colonoscopic result after initial colonoscopy amongst all families
Worst follow-up result
Worst baseline result

Normal

Hyperplastic
Polyp

Adenoma

Multiple
adenomas

High Risk
adenoma

Normal

426 (64.1)

71 (10.7)

117 (17.6)

10 (1.5)

39 (5.9)

Cancer
2 (0.3)

665 (100)

Hyperplastic Polyp

36 (30.8)

36 (30.8)

22 (18.8)

7 (6.0)

14 (12.0)

2 (1.7)

117 (100)

Adenoma

60 (37.7)

19 (12.0)

53 (33.3)

8 (5.0)

18 (11.3)

1 (0.6)

159 (100)

Multiple adenomas

4 (20.0)

2 (10.0)

2 (10.0)

2 (10.0)

7 (35.0)

3 (15.0)

20 (100)

High risk adenoma

35 (38.0)

5 (5.4)

16 (17.4)

3 (3.3)

32 (34.8)

1 (1.1)

92 (100)

Total

561 (53.3)

133 (12.6)

210 (19.9)

30 (2.9)

110 (10.5)

9 (0.9)

1,053 (100)

Total

Numbers shown are n (percentage).
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Figure 1. Cumulative proportion of colonoscopic surveillance outcomes according to age. Individuals are censored at the first event.
The proportion of colonoscopies with an event is estimated by
smoothing and is forced to be non-decreasing in age by applying
the pool adjacent violators algorithm. – – – – – Adenoma or
worse, ———— Multiple Adenoma or worse, –  – –  high-rish
Adenoma or worse,  Colorectal cancer.

then there were 14 more individuals deﬁned as having multiple adenomas. None of these individuals went on to subsequently develop a high-risk adenoma or cancer. The lowest
risk of advanced neoplasia on surveillance was in those with
a normal baseline examination (6% had a high-risk adenoma
or worse). The risk of a subsequent high-risk adenoma or
worse was similar in those with a hyperplastic polyp (13.7%)
or an adenoma (11.9%) on baseline.
The cumulative proportions of individuals with increasing
age having a pathological ﬁnding on colonoscopy are shown
in Figure 1. Some adenomas are detected on initial colonoscopy (from approximately age 25 years) with a steady
increase to just over 30% of individuals affected at 40 years
of age. The incidence of multiple adenomas and high-risk
adenomas increases after 40 years of age to 80 years of age
from approximately 10% to just over 20%.
A total of 1,513 adenomas were identiﬁed from all individuals included in the study. Of these, 390 (26%) were classiﬁed as high-risk adenomas. The risk of having a high-risk
adenoma was higher in individuals with a history of multiple

adenomas compared to those who had adenomas that were
not classiﬁed as multiple (53% and 33% respectively); however the proportion of adenomas which were classiﬁed as
high-risk was slightly lower in the multiple adenoma group
(21% vs. 29%). Data were collected on the distribution of
adenomas from Denmark, The Netherlands, Manchester,
Stockholm and London. From these ﬁve centers, a total of
465 adenomas were identiﬁed at the baseline colonoscopy.
Eleven adenomas (2.4%) were from an unknown location. Of
the remaining 454 adenomas, 248 (55%) were from the left
side, 183 (40%) from the right side and 23 (5.1%) were identiﬁed along with other adenomas on the same colonoscopy
and records showed adenomas from left and right side of the
colon. Throughout the total follow-up, 811 adenomas were
identiﬁed (31 unknown location); 352 (45%) from the left
side, 366 (47%) from the right side and 62 (7.9%) from both
the left and right side.
To determine whether the multiple adenoma phenotype
clustered within FCC families, the presence or absence of
multiple adenomas was assessed within families with at least
two members undergoing surveillance. In 55/999 (5.5%) of
individuals, only one family member had multiple adenomas.
In 23/347 (6.6%) of cases, multiple adenomas were also seen
in another family member giving a relative risk of 1.2 (95%
CI 0.8–1.6).
The proportion of individuals under surveillance developing CRC remains low across all ages. In total, nine CRCs
were identiﬁed during surveillance. Details of these cancers
are shown in Table 7. The time interval since the previous
colonoscopy ranged from 2 to 6 years, (median 2.7 years).
The ages of individuals at the time of their cancer diagnosis
ranged from 42 to 77 years.

Discussion
The results of a pooled multicenter comparative study of the
outcome of prospective colonoscopic surveillance in FCC
have been presented. Data have been collected for up to
more than 30 years and demonstrate that there is a high
prevalence of adenomas and CRC in the population studied,
the incidence of adenomas and advanced neoplasia is
increased compared to the general population, and that
C 2013 UICC
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Normal
Previous colonoscopic surveillance at another institution.
1

Adenoma
High risk Ad.

Normal
3.72

3.26
Hepatic flexure

Hepatic flexure
T3

T1
63

54
37

56
Male

Female
9
Manchester1

Type X: genetic only

8
London1

LOFCC: IHC/MSI

Adenoma

Adenoma
Adenoma

Adenoma
2.1

3.54
Splenic flexure

Sigmoid colon
T2

T3
70

77
74

67
Male

Female
Type X: IHC/MSI

LOFCC: IHC/MSI

6

7
London

5
Denmark

Denmark

Adenoma

High risk Ad.
Adenoma

Adenoma
2.21

2.74
Rectum

Hepatic flexure
T2

T1
42

68
66

38
Male

Female

4
Denmark

Type X: genetic
only

3
Denmark

Type X: IHC/MSI

Adenoma
Normal
1.99
Transverse colon
T2
66
60
Male

2
German
Consortium

Type X: genetic
only

Normal
Normal
2.35
Rectum
T3
51
49
Female

1
German
Consortium

Type X: genetic
only

Hyper. Polyps
Hyper. Polyps
6.02
Splenic flexure
T3
61
55
Male

Location
Stage
Gender
Individual
Centre

LOFCC: IHC/MSI

Preceeding
screen
First screen

Result of colonoscopy

Interval between
last colonoscopy
(years)
CRC
screen

Age (years)

First
screen
Family
history

Table 7. Characteristics of individuals with colorectal cancer after initial colonoscopy
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interval cancers do occur during surveillance although they
may be detected at an early stage. There was no obvious difference in phenotype during colonoscopic surveillance
between FCC type X and LOFCC and these should be managed as a single group.
Baseline colonoscopy results conﬁrmed that FCC individuals have an increased prevalence of colonic neoplasia.11 The
median age at baseline colonoscopy was 47.5 years. At baseline, 21.8% of individuals had one or more adenomas, including 7.6% with high-risk adenomas, and 1.4% (n 5 22)
asymptomatic cancers with a median age of 52 (range 34–
78).The (standardized prevalence) ratio for CRC was signiﬁcantly raised compared to the population of England.
We have analyzed the incidence of adenomas, high-risk
adenomas and multiple adenomas by age in Figure 1 (censoring when an adenoma has been removed at colonoscopy). As
expected, there is an increasing incidence with age, and we
have shown that approximately 40% of individuals have at
least one adenoma, 20% multiple adenomas and 18% a high
risk adenoma by age 70 years. A similar trend is seen in
average risk individuals but with a much lower frequency.11,12
Cancers occurred more frequently in individuals with multiple adenomas. Our deﬁnition of individuals with multiple
adenomas was introduced to avoid bias with varying duration
and frequency of colonoscopic surveillance. In individuals
classiﬁed as having multiple adenomas, the risk of an individual adenoma being high-risk was not increased although
there was an increased risk of an individual having a highrisk adenoma. We were not able to demonstrate signiﬁcant
clustering of multiple adenomas within families. Overall in
baseline and follow-up colonoscopies, adenomas were fairly
evenly distributed between the left and right colon (52% vs.
48% respectively).
During follow-up surveillance, the youngest age at which
a cancer was diagnosed was 42 and the eldest 77 with a
median age of 63 years. It is notable that ﬁve cancers
occurred within three years of a previous colonoscopy
although four of these cancers were detected at an early stage
(T1 or T2). In four of these cases, an adenoma was present
at the previous colonoscopy. There is a well-described miss
rate of signiﬁcant pathology even with close colonoscopic
surveillance.12 In our analysis, we have assumed that pathology detected on follow-up colonoscopy has developed since
the previous examination although, in fact, some of these
may represent neoplasia that was previously missed. Six of
the cancers were in the right side of the colon and three were
in the left colon. Lindor et al. report that in FCC type X pedigrees the cancers were predominantly left-sided.3 A higher
proportion of the interval cancers are right-sided than the
cancers diagnosed at baseline colonoscopy (67% vs. 26%
respectively, p 5 0.017). There are reports that colonoscopic
surveillance in the general population is much less effective
at preventing right-sided than left-sided sided cancers and
this may also apply to FCC individuals.13 This result emphasizes the importance of particularly careful inspection of the
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right colon at colonoscopy, and that a repeat colonoscopy/
alternative procedure should be carried out if the examination is not complete with good views to the cecum.
Despite these nine cases, the incidence of CRC in this
study was very low at 1.14 per 1,000 person years. This compares very favorably to 15.8 cancers per 1,000 person years in
individuals with LS undergoing surveillance previously
reported in the control arm of the CAPP2 study.14 There
may also be a role for aspirin chemoprevention in FCC
which has been demonstrated to have a protective effect in
randomized studies of individuals at population risk and also
in individuals with LS.14,15
It is possible that our cohort of patients included families
with LS, especially since several cancers were diagnosed
within 3 years of colonoscopy raising the possibility of an
accelerated adenoma–carcinoma pathway. LS was excluded
either by testing for loss of expression of MLH1 and MSH2
proteins using immunohistochemistry, the presence of DNA
MSI in one or more CRCs from an affected family member
and/or undertaking germline sequencing of two (MLH1 and
MSH2) or more DNA mismatch repair genes for alterations
(see Table 2). Mutations in MLH1 and MSH2 are responsible for the majority of cases of LS but mutation detection
techniques are imperfect. Approximately, 6% of cases of LS
are due to MSH6 mutations and 2% to PMS2 mutations.
Immunohistochemistry and/or germline sequencing for
MSH6 and PMS2 was not undertaken in all families. We
have reviewed in detail the genetic testing that had been
undertaken in the nine cancers that were diagnosed in the
cohort during surveillance (Table 7). In ﬁve cases, tumors
from several family members had been tested for DNA MSI
and germline sequencing also undertaken. We have also
looked at the incidence of extra-colonic cancers associated
with LS in our families and found no increase. This suggests
that our ﬁndings of advanced neoplasia on colonoscopic
surveillance are not due to undetected LS families being
included in the cohort.
This pooled analysis conﬁrms that individuals from families in which there is a dominant pattern of CRC inheritance,
but no evidence of DNA mismatch repair deﬁciency, are at
high risk of subsequently developing adenomas and CRC.
This is likely to be a genetically heterogeneous group. One
interesting ﬁnding from this study is that there was no
obvious difference in the colonoscopic ﬁndings of individuals
from FCC type X or LOFCC families and for this reason, we
have grouped them together. It is likely that they both represent a similar spectrum of genetic predispositions. Genomewide linkage studies have been undertaken in families with a
multiple adenoma phenotype and have demonstrated linkage
to various loci including 3q 21–24 and q21.1–26.2 and 9q22–
33,16–18 and a small proportion of cases may be due to attenuated alterations of the APC gene. However, germline mutations responsible for FCC have, by and large, not been
identiﬁed. Whole genome sequencing is now being used to
investigate individuals with multiple adenomas and may well
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reveal novel genetic alterations predisposing to this phenotype.19 FCC may be due to a complex genetic model of dominant genes, rare variants and low penetrance variants.
One of the strengths of this study is that each center has
a slightly different surveillance protocol (see Table 1). There
is variation in the age at which colonoscopic surveillance is
started, the intervals between examinations and whether
examinations are carried out in local hospitals or tertiary
referral centers. This reﬂects the breadth of clinical practice
in Europe and therefore provides a robust picture of the
effectiveness of colonoscopic surveillance in this high-risk
group. The number of prevalent cancer cases in this study is
compared to CRC cases in the general population in England9 (rather than each country’s data) which is a weakness
of the study. The incidence in England is very similar to
other European countries included in this analysis although
slightly lower than Sweden and The Netherlands.20 However,
the higher incidence in these countries is not sufﬁcient to
explain the high prevalence of CRC cases compared to the
general population of England.
Although multiple adenomas did subsequently develop in
individuals with a normal baseline colonoscopy, interval cancers predominantly occurred in individuals who had already
developed multiple adenomas. The incidence of adenomas
and cancers increases with age. As might be anticipated if
there is an autosomal dominant predisposition, 40% of atrisk individuals never developed any type of polyp. These
results support the idea that colonoscopic surveillance might
be undertaken less frequently at a younger age and in those
that have not developed adenomas, whereas those who have
developed high-risk or multiple adenomas should undergo
more frequent colonoscopic surveillance (as is the current
practice).
In conclusion, there is no obvious difference in the outcome of colonoscopic surveillance between FCC type X, in
which a family member had developed CRC before the age
of 50 years, and LOFCC, in which there were no cases of
CRC under the age of 50 years. In FCC there is a signiﬁcantly increased prevalence of CRC and a signiﬁcantly
increased incidence of adenomas and advanced adenomas on
prospective colonoscopic surveillance compared to published
studies of average risk individuals of similar age. However,
there is a much lower incidence of interval cancers than seen
on colonoscopic surveillance in the CAPP2 study of LS.14
The frequency of adenomas increases with age and uncommon interval cancers occur predominantly at a later age and
in individuals who have developed multiple adenomas. However, we estimate a high cumulative proportion of individuals
with a high-risk adenoma at age 40 of approximately 10%.
We suggest that colonoscopic surveillance with ﬁve yearly
intervals should commence between 30 and 40 years of age
although there is little evidence to suggest screening before
this age. Colonoscopic frequency should be increased if
adenomas are found according to current adenoma follow-up
guidelines.1
C 2013 UICC
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ABSTRACT
Background and Aims: When participating in regular colonoscopy surveillance, there is clear
evidence of reduced colorectal cancer (CRC) related morbidity and mortality in patients with
Lynch syndrome (LS). Today, also individuals with empirically increased risks of CRC are
offered surveillance with colonoscopy. The aim was to compare the findings at the first
screening colonoscopy in LS carriers and individuals with an increased risk of bowel cancer due
to family history of CRC with a control population.
Methods: In total, 1397 individuals with an increased risk of CRC were divided in four risk
groups: one with LS carriers and three groups with individuals with different family history of
colorectal cancer. The findings were compared between the different risk groups and a control
group consisting of 745 individuals who took part in a population based colonoscopy study.
Results: In LS, 30% of the individuals had adenomas and 10% advanced adenomas. The
corresponding figures in the other risk groups were 14-24% and 4-7%, compared with 10% and
3% in the control group. The relative risk of having adenomas and of having advanced
adenomas was, compared to controls, significantly higher in all risk groups except in the group
with the lowest risk. Increasing age was a strong predictor of adenomas and of advanced
adenomas in both risk individuals and in controls.
Conclusions: Individuals with a family history of non-LS CRC have a high prevalence and
cumulative risk of adenomas and of advanced adenomas, and screening seems beneficial in
this risk group.
Abbreviations: CRC colorectal cancer; LS Lynch syndrome; FCRC familial colorectal cancer;
TCR two close relatives; OCR one close relative; TA tubular adenoma; TVA tubulo-villous
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interval; OR odds ratio
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The aim of this study was to compare

INTRODUCTION

colonoscopy
colonoscopy

findings
at
screening
between a population of

individuals with increased risk of colorectal
cancer and a control population. The

Colorectal cancer (CRC) is the fourth most
common cause of cancer deaths worldwide
(1). As shown in a meta-analysis,

prevalence and numbers of cancers and
polyps, the characteristics of polyps, the

individuals with a family history of CRC
have an increased risk of developing the

age at onset of polyps and the cumulative
incidence of adenomas were compared

disease (2). High-penetrance dominant
syndromes with known mutations in genes
such as the APC in Familial Adenomatous
Polyposis and the DNA mismatch-repair
(MMR) genes in Lynch syndrome (LS)
account for about 3% of the cases, whereas
familial clustering with one or more first- or
second-degree relatives with CRC accounts
for an estimated 20% of the cases (3). CRC
is generally preceded by removable benign
lesions (4) and therefore potentially
preventable
by
polypectomy
at
colonoscopy. Although there still is some
debate regarding the clinical benefit of
general screening, the need for screening
in individuals with an increased risk of
colorectal cancer has long been recognized
(5, 6).

between a risk population, divided in four
different risk group based on family history,
and a control population without a known
family history of CRC.

METHODS
Risk population
Since 1990, individuals with an at least twofold increased risk of CRC are offered to
participate in a program with genetic
counselling and surveillance with regular
colonoscopies at the Karolinska University
Hospital in Stockholm (14, 15). This study
employed results from the first (screening-)
colonoscopy for each patient examined
between January 1990 and June 2010. All

Screening due to a family history of CRC
was launched early in the 1980s (7-9), and
family cancer clinics were established in
many countries (10-13). In Sweden, this

patients were classified concerning family
history of CRC and included if they fulfilled
any one of the following four family criteria:

was first done in Stockholm, where a
prospective program was set up in 1990 at

1) Lynch Syndrome (LS) because of a
mutation in one of the DNA MMR

the Karolinska University Hospital, offering
regular colonoscopy to patients with an
increased risk of CRC. The surveillance
program was evaluated after 10 years and
was well understood and tolerated by the
patients (14, 15). There is clear evidence

genes MLH1, MSH2 or MSH6,
2) Familial Colorectal Cancer (FCRC)
with at least three first-, second- or
third-degree relatives with nonFAP/non-LS CRC,
3) Two Close Relatives with CRC (TCR),

that CRC and CRC-related death can be
prevented by regular colonoscopies in
patients with LS (16, 17). The value of
colonoscopy surveillance in non-LS patients
still needs more scientific evidence.

i.e., two first-, second- or third-degree
relatives with non-FAP/non-LS CRC or
4) One Close Relative with CRC (OCR),
i.e., one first-degree relative with nonFAP/non-LS CRC before age 50.
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FAP and LS were diagnosed according to a

relatives

protocol using family history of colorectal
cancer
or
polyposis,
microsatellite

examined in the closest located hospital.
The colonoscopies at Karolinska University

instability-,
BRAF-mutation-,
and
immunohistochemistry status in tumours

Hospital were performed by one highly
experienced endoscopist with a caecal

and MMR gene screening (18). Families
where LS diagnostic investigation was

intubation rate of >99%, or infrequently by
another
experienced
endoscopist.

motivated but not pursued to an end and
patients who had cancer before their

Chromoendoscopy with indigo carmine was
employed in the majority of the exams. The

screening colonoscopy were excluded from
this study. The study was undertaken in
accordance with the decisions in the
Stockholm regional ethical committee (KI
Dnr 02/241 and 05/566).

colonoscopies at Ersta Hospital for the
control population were performed by seven
experienced endoscopists involved in the
study, although one of the authors of the
study performed 52% of the examinations.
The caecal intubation rate for the
colonoscopies of the control population was
94%. A standard routine video endoscope
was used for the colonoscopies. The quality
of the colonoscopy procedure concerning
caecal intubation rate, bowel cleansing, and
pain-control during the procedure and
adenoma detection rate was consistent with
European guidelines for quality control of
colorectal cancer screening (21). For all
polyps localization, size and appearance
was recorded and all polyps were removed
and sent for histological diagnosis. Lesions
in or proximal to the splenic flexure were
assigned as right-sided and distal to the
flexure as left-sided. The polyps were
divided into three size-classes: very small
(1-4 mm), small (5-10 mm) and large (>10
mm in diameter). The adenomas were
classified according to the WHOclassification as tubular, tubulo-villous,

Control Population
A previously published population-based
survey was used to obtain data on colonic
pathology in the corresponding control
population (19). In this study, by using the
Swedish national register, in total 3556
randomly selected individuals from two
urban districts near Ersta hospital in
Stockholm were invited to participate. All
received a letter and they were asked to
complete
a
validated
abdominal/
gastrointestinal symptom questionnaire.
2293 responded and were invited to join the
program. Of these, 1244 came to the clinic
and met a consultant gastroenterologist for
a careful medical history and routine
physical
examination.
Finally,
745
individuals accepted and were suitable for
the colonoscopy (19). The colonoscopies
were performed during the period June
2002 to October 2006. The population
consisted of 323 men and 422 women,
representative of the Swedish population
aged 19-71 years (20).

with

other

residence

were

villous or serrated adenomas. Dysplasia
was graded as high-grade or low-grade.
The definition of an advanced lesion was
either a cancer or an adenoma with an
estimated diameter larger than 10 mm, a
villous component more than 20%, or highgrade dysplasia. Staging of CRC employed
the TMN-system by the American Joint
committee on Cancer (AJCC) (22).

Endoscopy
The vast majority of the endoscopies in risk
individuals were performed at Karolinska
University Hospital, but in some cases
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Statistical Methods

and women, except in the LS-group where
men in average were 5.6 years younger
than women (p=0.01).

The statistical analyses were performed
using Statistica software (version 10.0),
StatSoft Inc©, Tulsa, Oklahoma, USA. A pvalue of <0.05 was considered statistically
significant.
Difference
in
adenoma
prevalence
between
the
four
subpopulations and the control population
was calculated as an age-adjusted relative

Endoscopy findings, cancers and polyps
In total nine cancers, five right-sided and
four left-sided, were found in eight risk
individuals; four in LS (three stage I and
one stage II), three in two FCRC-patients
(two stage I in the same patient and one

risk (RR) with a 95% confidence interval,
assuming a Poisson distribution of the

where the stage was not reported), one
stage I in TCR and one stage II in OCR. No
cancer was found in the control population
(Table 2).

frequencies. Logistic regression with the
modelled probability of having an advanced
lesion or an adenoma determined the
impact of sex, age and of having
hyperplastic polyps. Comparison between
each family category and the control
population of the characterization of the
polyps found was performed using the
Pearson’s Chi-2 test. The Student’s t test
was employed when comparing age

The number of adenomas and nonneoplastic lesions are shown in Table 2.
For adenomas, the categorizations in
histopathology, size, localization and
degree of differentiation were all compared
between the risk groups and the averagerisk group. There was no significant
difference
regarding
adenoma
histopathology or size of adenomas.
However, adenomas in LS carriers were
more often located on the right side
(p<0.05) and individuals in the FCRC group
had more high-grade dysplasia (p<0.01)
compared to the control population. The
proportion of advanced adenomas among
total adenomas was not significantly
different between the risk groups and the
control population.

between the risk groups and the control
population. The cumulative probability F (t)
= 1 – S (t) of developing an adenoma was
calculated with the Kaplan-Meier method by
utilizing the estimated survival function S
(t). Data were censored if no adenoma had
been detected by the end of the study. The
age at the detection of the first adenoma in
the different risk group and in the control
population was assessed using the Cox
regression analysis.

RESULTS

The proportion of individuals with
adenomas and with advanced adenomas
and the age-adjusted relative risk to have
these lesions are described in Table 3. In
Lynch syndrome, 30% of the individuals

Descriptive results
The study included 1397 individuals with
increased risk and 745 with average risk of

had adenomas and 10% advanced
adenomas. The corresponding figures in
FCRC were 24% and 7%, in TCR 22% and
6% and in OCR 14% and 4%. In contrast to
this, 10% of the individuals had adenomas

CRC (Table 1). The mean age among risk
individuals was 51.7 (range 18-82; SD 12.7)
years compared to 51.3 (range 19-71; SD
12.7) years in the controls. There was no
significant difference in age between men
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and 3% had advanced adenomas in the

adenomas and advanced adenomas was

control population. The relative risk of
having adenomas and advanced adenomas

performed for each family type, indicating
that men got their adenomas at a slightly

was higher for all risk groups compared to
the control population, but not statistically

younger age and to a somewhat higher
extent in LS and FCRC (data not shown).

significant for OCR. In the LS-group, the
risk of having an advanced adenoma was
Factors associated with risk of
adenomas or of advanced adenomas

four times higher than for the control
population and the relative risk for FCRC
and TCR was more than doubled.

Multivariate
logistic
regression
was
employed to assess the impact of age, sex

Three adverse events were reported in the

and prevalence of hyperplastic polyps (HP)
on the prevalence of adenomas and of
advanced adenomas. The probability of
detecting an advanced adenoma increased

risk groups: one bowel perforation and two
gastrointestinal bleedings. All three patients
required hospital care and all recovered
completely. No adverse event was

with increasing age in all groups except LS
and OCR, and for detecting an adenoma in
all groups except OCR (Table 5). Men had
an increased risk of both adenomas and
advanced adenomas compared to women
in the control population. In the risk groups,

described in the colonoscopies of the
control population.

Age at first hyperplastic polyp, adenoma
and advanced adenoma

a difference between men and women was
only seen for adenomas in the FCRC
group. There was an association between
HP and adenomas in the control population
and in FCRC and TCR. Hyperplastic polyps
were not associated with advanced

The age at onset for detection of the first
adenoma and of the first advanced
adenoma in the LS group and the group of
relatives to single cases (OCR) was
significantly lower compared to the control
population (table 4). The age at detection of
the first HP was lower for LS than for the
control population. In LS there was a
tendency (p=0.06) for men to have their first
advanced adenoma at a younger age than
for women (Table 4). No difference
between men and women was found in
FCRC, TCR, OCR or the control population.

adenomas in any of the groups (Table 5).

DISCUSSION
This study has evaluated the relative risk of
colorectal adenomas, advanced adenomas
or cancer in individuals with Lynch
syndrome or with a family history of CRC
compared to an age and gender matched
control population.

Cumulative risk of having an adenoma
and an advanced adenoma
The cumulative risk of having an adenoma
and an advanced adenoma was s higher for
all risk groups compared to the average-risk
group (Figure 1). A Cox regression analysis
verified the results in all groups except for
OCR (data not shown). Gender analysis for

Cancers and adenomas
In total nine cancers were found in the risk
individuals and none in the control
population. No advanced stages cancers
were found. Data from previous studies
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have shown similar results with increased

study of outcome from screening in high-

number of prevalent cancers compared to
what is expected in a population with this

risk non-LS families (34). The prevalence
of adenomas and advanced adenomas in

age and gender distribution (12, 23-25).
The prevalence of adenomas (14-24%) and

this study were 14% and 7% respectively
(34). The prevalence of advanced adenoma

advanced adenomas (4-7%) in the three
groups with family history of CRC was

in the present study was the same, 7% in
the FCRC group, however, single non-

comparable to the corresponding data in
an equivalent study (24). Compared to the

advanced adenomas were even more
common (24%) in our material.

control population, all risk groups, except
OCR, had significantly more individuals with
adenomas and advanced adenomas. In LS,
the risk for advanced adenomas was four
times higher and in FCRC and TCR, the
risk was more than doubled. This is
important to bear in mind when examining
these patient groups, and to have an
expectancy of frequent adenoma finding.
These results support the assumption that a
family history of colorectal cancer increases
the risk of adenomas also where Lynch
syndrome is not diagnosed (26-30). In the
OCR group, the difference was not
statistically significant, although a tendency
could be observed. The number of patients
was small, and the result was in line with
previous studies (31, 32). The relative risk
of having an adenoma or an advanced
adenoma was different in the risk groups.
LS had the highest risk and FCRC and TCR
had comparably increased risks, while for
OCR this was less clear. Two previous
studies have shown similar results (24, 33),
and one study indicated a similar detection
rate and demonstrated that the distribution

Age

and

gender

as

predictors

of

advanced lesions
Increasing age was associated with higher
prevalence of adenomas and of advanced
adenomas in the controls, and in the risk
groups FCRC and TCR but not in LS or
OCR. Though there was a tendency of
increased age predicting adenomas also in
LS. The lack of evidence in LS could
depend on lack of power since both the
early onset groups (LS and OCR) were
smaller than the other two groups (Figure 1
and Figure 2).
A previous study (35) and our study of the
normal population (19) have noticed clear
gender differences with a significantly
higher adenoma prevalence among men. In
this study, this gender-difference was
observed only for the FCRC risk group.
Risk individuals in the two groups FCRC
and TCR had similar relative risks for
adenomas and advanced adenomas, a
similar prevalence of polyps at a similar age

of adenomas were similar in both LS and
intermediate-risk (FCRC and TCR) of CRC
(25). This was consistent with high cancer
risks in tested gene carriers in LS and lower
empiric risk figures for the other groups.

at onset of polyps and an almost identical
cumulative risk of polyps. However, in
FCRC, more adenomas with high-degree
dysplasia were observed and there was
higher risk of adenomas in men compared
to women; in TCR, there was no gender
difference observed. This difference
between the two groups could potentially
reflect a different genetic background rather
than just a difference in family size. The

A proportion of patients (302 individuals)
from the FCRC group in this study fulfilling
strict criteria for dominant high-penetrant
disease were included in a multicenter-
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FCRC group had at least three close

cancer patients,

relatives with cancer, and in most families
the disease segregated over at least two

employed volunteers for colonoscopy
screening (38) or well-matched controls

generations, which could indicate that there
was a dominant inherited risk factor. The

from screening of individuals without family
history (39). The prevalence of advanced

TCR group, on the other hand, often
constituted of two siblings, which could

adenomas was also higher in the FDR of
CRC patients than in controls; 11.3%

suggest a recessive or complex inheritance
pattern. However, many of the TCR families

versus 6.3% (38) and 7.5 versus 2.9%
respectively (39).

had two close relatives over two
generations, such as a parent and a child,
which is more consistent with a dominant
mode, and obviously, both models are
possible.

and as control

they

In conclusion, our study indicates that all
risk groups at a screening colonoscopy
have higher prevalence of cancers, of
advanced adenomas and of adenomas
compared to a control population. This
suggests that screening programmes in all

Adenomas and hyperplastic polyps
In this study, an association was observed
between hyperplastic polyps (HP) and
adenomas in FCRC and TCR, but in LS
and OCR, no such association could be

risk groups would be beneficial. Although
there was a tendency for adenomas and
advanced adenomas to be more prevalent
in men with high risk of CRC, we do not
suggest different protocols for women and
men at-risk in any of the risk groups.

demonstrated. This was partly in contrast to
the study of the control population but also
previous studies of risk groups (19, 36, 37).
There was no significant correlation
between HP and advanced adenomas in
any of the groups. This might reflect a
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Table I. Descriptive data of the study-populations
Variable

LS

Number of individuals

TCR

OCR

Control

138

610

524

125

745

79 (57%)

343 (56%)

342 (65%)

78 (62%)

422 (57%)

43.8 (19-82)
40.6

51.9 (17-81)
51.4

52.7 (20-80)
51.9

49.0 (24-81)
48.2

51.1 (19-71)
52.3

46.2

52.3

53.2

49.6

50.6

Women
Mean age years at start
Men

FCRC

Women

LS Lynch syndrome; FCRC familial colorectal cancer; TCR two close relatives; OCR one close relative

Table II. Characterization of colonoscopy-findings

Number adenomas
Adenomas histopathology

Size (mm)

Lokalisation

Adenomas
differentiation

FCRC
(N=610)
198

TCR
(N=524)
166

OCR
(N=125)
30

Control
(N=745)
115

TA

93 (82%)

166 (84%)

139 (84%)

24 (80%)

95 (83%)

TVA

14 (12%)

28 (14%)

18 (11%)

6 (20%)

15 (13%)

SA

6 (6%)

4 (2%)

9 (5%)

0

5 (4%)

0-4

69 (61%)

78 (39%)

85 (51%)

20 (67%)

76 (66%)

5-10

24 (21%)

74 (37%)

60 (36%)

5 (17%)

31 (27%)

>10

9 (8%)

24 (12%)

10 (6%)

1 (3%)

8 (7%)

NA

11 (10%)

22 (11%)

11 (7%)

4 (13%)

Right

53 (47%) *

89 (45%)

70 (42%)

9 (30%)

39 (34%)

Left

56 (49%)

104 (52%)

91 (55%)

16 (53%)

73 (63%)

NA

4 (4%)

5 (3%)

5 (3%)

5 (17%)

3 (3%)

HGD

13 (12%)

38 (19%) **

21 (13%)

2 (7%)

8 (7%)

LGD

91 (80%)

153 (77%)

139 (83%)

24 (80%)

107 (93%)

NA
Advanced lesions
Cancers
Hyperplastic polyps

LS
(N=138)
113

9 (8%)

7 (4%)

6 (4%)

4 (13%)

27 (24%)

55 (28%)

39 (24%)

7 (24%)

22 (19%)

4

3

1

1

0

110

283

238

37

359

Polyp
5
17
10
2
0
*p<0.05; **p<0.01; TA tubular adenoma; TVA tubulo-villous adenoma; SA serrated adenoma; HGD highgrade. dysplasia: LGD low-grade dysplasia; NA not available. Polyp denotes that no histopathology is
reported
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Table III. Age-adjusted relative risk of adenoma and of advanced adenoma
finding at the first colonoscopy compared to the control population
Population
(N)
Control (745)

Mean-age
(range)

Prev
Ad (%)

RR

51.3 (19-71)

75 (10)

1

95% CI

Prev
AAd (%)

RR

21 (3)

1

95%CI

3.46
4.11
LS (138) 48.8 (19-82)
48 (35)
2.52-4.73
16 (13)
2.20-7.68
***
***
2.36
2.56
FCRC (610) 51.9 (17-81) 145 (24)
1.82-3.05
44 (7)
1.54-4.26
***
**
2.19
2.23
TCR (524) 52.7 (20-80) 116 (22)
1.68-2.87
33 (6)
1.31-3.82
***
**
1.46
1.42
OCR (125) 49.0 (24-81)
18 (14)
0.89-2.31
5 (4)
0.55-3.69
ns
ns
***p<0.001; **p<0.01; ns not significant; Prev prevalence; RR relative risk; CI confidence interval;
AAd advanced adenomas; Ad adenomas

Table IV. Mean-age at lesion for each risk group
Variable

LS

FCRC

TCR

OCR

Control

Mean-age at Ad

47.2 ***

56.9

57.1

52.3 **

59.7

Mean-age at AAd

50.8 ***

60.8

61.5

48.8 **

62.0

Mean-age at HP

50.8 **

55.2

54.3

53.8

55.8

*** p<0.001; **p <0.01; Ad adenoma; AAd advanced adenoma; HP hyperplastic polyp

Fig 2

Fig 1

Figure 1. Kaplan-Meier curve with respect to having an adenoma
Figure 2. Kaplan-Meier curve with respect to having an advanced adenoma
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2.72 1.07-6.92

95% CI

2.82 1.68-4.75

95% CI

0.85 0.40-1.79

1.05 1.02-1.08

1.00

1.79 0.95-3.37
1.00

1.01 0.48-2.18

0.67

1.07 1.05-1.11

12

1.03 1.00-1.05

1.00

1.65 1.12-2.41

95% CI

1.00

1.07 0.68-1.66

95% CI

<0.001 1.04 1.02-1.06

0.01

p-value OR

TCR

1.26 0.56-2.83

1.00

0.39

1.00

0.61
<0.001 1.02

0.38

OCR

0.92-1.05

0.04-3.62

95% CI

0.20-1.85

95% CI

OCR

1.39 0.14-13.43

p-value OR

0.57

<0.001 0.98

0.96

p-value OR

0.37

p-value

0.78

0.66

0.41

p-value

0.97

0.01

0.37

p-value OR

FCRC

TCR
95% CI

<0.001 1.07 1.03-1.10

0.07

p-value OR

0.38

Age

<0.001 1.03 1.01-1.04

1.00

<0.001 1.42 0.66-3.08

p-value OR

FCRC
95% CI

Modeled probability of having an adenoma

0.13

Lynch syndrome

0.20 0.02-1.58

0.14

0.47

p-value OR

0.98-1.06

Woman 1.00

Man

0.56

Control population

OR

1.00

0.65 0.20-2.07

<0.001 1.03 0.99-1.08

0.03

95% CI

Lynch syndrome

p-value OR

0.02 0.73 0.29-1.88
0.52 1.53 1.00-2.34 <0.05 1.70 1.06-2.71
0.03 0.97 0.25-3.75
HP Y/N
1.89 1.11-3.22
OR odds ratio; CI confidence interval; Y/N yes versus no; FCRC familial colorectal cancer; TCR two close relatives; OCR one close relative; HP hyperplastic polyp

Sex

Level

1.32 0.51-3.43

HP Y/N

Variable

1.11 1.05-1.18

Woman 1.00

Man

95% CI

Control population

OR

Age

Sex

Variable Level

Modeled probability of having an advanced adenoma

Table V. Logistic regression with the modeled probability of having an advanced adenoma or an adenoma
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ABSTRACT
Objective: Surveillance with colonoscopy in risk groups for colorectal cancer needs to be based on
adequate selection of individuals to examine and a well-devised timing. To stratify the risk of finding
neoplasia at colonoscopy a cohort with increased familial risk of colorectal cancer was studied.
Design: Based on family history 1203 individuals with an at least twofold increased risk of colorectal
cancer were offered regular colonoscopies. The impact of different variables in the family history was
assessed by logistic regression for the prevalence of adenomas and advanced adenomas. Findings at
the first colonoscopy were assessed regarding the association with risk of future lesions.
Results: The prevalence of advanced lesions, when controlling for age, was associated with the number
of first-degree relatives with colorectal cancer, with an age below 50 in the youngest family-member with
colorectal cancer, but not with gender. Family history had a low impact on the prevalence of simple
adenomas. The risk of future advanced lesions was only associated with the prevalence of advanced
lesions at the screening colonoscopy, whereas a finding of subsequent adenomas was associated with
advanced lesions, adenomas and hyperplastic polyps.
Conclusion: Adenomas and advanced lesions were not associated with the same risk factors. In this
study the most important risk factors for advanced lesions, including cancer, were the number of firstdegree relatives and a young family member with colorectal cancer. Findings of simple adenomas and
hyperplastic polyps did not seem to be associated with subsequent advanced lesions.
Abbreviations: Ad adenomas; AAd advanced adenomas; CRC colorectal cancer; HP hyperplastic
polyps; FDR first-degree relatives; SDR second-degree relatives; TDR third-degree relatives; MMR
mismatch-repair; OR odds ratio; CI confidence interval; N number
Key words: Colorectal cancer, family history, colonoscopy, surveillance, risk stratification.

Corresponding author: Anna M Forsberg, Department of Molecular Medicine and Surgery, Karolinska Institutet, S171 76 Stockholm, Sweden. Telephone: +46 70 3432212. Fax +46 8 327644. E-mail: anna.forsberg@ki.se

INTRODUCTION
Colorectal cancer (CRC) is the third most
common cancer worldwide and often a lethal
disease (1). Approximately 25% of all CRC
cases occur in individuals with a family history of
CRC. A monogenic disorder causing the disease
is diagnosed in less than 5% of the cases (2);
the most common are Lynch syndrome (LS),
caused by a mutation in one of the mismatchrepair genes (MMR), and Familial Adenomatous
Polyposis (FAP), caused by an APC-gene
mutation. Besides having an inherited high-risk
mutation, the most important risk factors for
CRC are number of first-degree relatives (FDR)
with CRC and increasing age. Depending on the
number of FDR, the relative risk is increased
two- to eightfold compared with those without
family history (3, 4). In the majority of cases,
CRCs arise from adenomas in the adenomacarcinoma-sequence (5). Progression from
normal colonic mucosa to invasive carcinoma is
usually suggested to occur over a period of 4–10
years (6), except in LS where the progression is
observed to be faster (7). Colonoscopic
prevention of CRC is feasible by removal of
premalignant lesions, adenomas, which has
been shown to reduce both incidence and
mortality in CRC (8). Thus, colonoscopy
surveillance is recommended in moderate risk
groups for CRC (9). On the other hand,
colonoscopy is costly and scarce, and therefore
it is important to select individuals suitable for
prevention and to have a well-selected timing,
regarding both surveillance interval and age at
initiation of surveillance. In moderate risk
groups, based on different factors in the family
history, it would be profitable to identify
subgroups that have the highest risk and assign
priority of the colonoscopy resources to these.
Besides age and sex, parameters that can be
assessed for impact on risk of CRC are the
number of first-degree relatives (FDR), seconddegree relatives (SDR) and third-degree

relatives (TDR) with CRC (4, 10, 11), the kind of
FDR relationship (sibling or parent) (3, 4), and
the age of the youngest affected individual in the
family (12). Development of colorectal
adenomas is an important precursor to the
subsequent development of CRC, and therefore
adenomas could serve as a marker for
subsequent CRC (10, 13). Thus, the detection of
polyps – regarding multiplicity and adenoma
advancement - has been suggested to have an
impact on detection of additional lesions during
surveillance (14).
We have analyzed the outcome of a 20-years
colonoscopy surveillance programme to test
predictors of future adenomas and advanced
lesions. Based on family history of CRC, 1203
individuals with at least twofold increased risk of
CRC were included. Factors taken into account
were age; sex; number of FDR, SDR and TDR
(cousins) with CRC; kind of FDR (sibling or
parent/child); and age of the youngest affected
individual in the family.

METHODS
Patients
Since 1990 individuals with an at least twofold
increased relative risk of CRC were offered a
programme with genetic counselling and
surveillance at the Department of Clinical
Genetics at the Karolinska University Hospital in
Stockholm, Sweden (15). Data for this study
were collected until June 2010. Individuals were
included if they had two or more FDR, SDR or
cousins (TDR) with CRC, or if they had one FDR
with CRC below the age of 50. FAP and LS
were excluded according to the current clinical
protocol, using family history of CRC or
polyposis, microsatellite instability, BRAFmutation, immunohistochemistry on tumours or
MMR gene screening (16). All individuals were
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offered screening with an ileocolonoscopy every
third year. Patients who had cancer before they
entered the surveillance programme were not
included in the study. All data were anonymized.
The study was approved by the Stockholm
regional ethical committee (KI 241/02; 2005/566
- 31/1).
Study protocol
The majority of the colonoscopies were
performed in a single centre at Karolinska
University Hospital, and the remaining
endoscopies were performed elsewhere but
reported to the study centre. A standard routine
video endoscope was used. The quality of the
colonoscopy procedure concerning complete
colonoscopies, bowel cleansing, pain control
and adenoma detection rate was consistent with
European guidelines for quality control of CRC
screening (17). For all polyps localization, size
and appearance was recorded and all polyps
were removed and sent for histological
diagnosis. In the vast majority of cases, polyps
were removed endoscopically: snared, taken by
cold biopsy or coagulated. The size of the polyp
was estimated with the use of open-biopsy
forceps. Lesions in or proximal to the splenic
flexure were assigned as right-sided and those
distal to the flexure as left-sided. The adenomas
were classified according to the WHOclassification as tubular, tubulo-villous, villous, or
serrated adenomas. The dysplasia was graded
as high-grade (HGD) or low-grade (LGD). An
advanced lesion was defined as either a cancer,
or an adenoma with an estimated diameter >10
mm, a villous component larger than 20% or
high-grade dysplasia. The surveillance period
was defined as the time from the first
colonoscopy to the last colonoscopy.
A thorough pedigree of each family was
constructed, where all FDR, SDR and cousins
(TDR) with CRC, as well as the youngest
affected individual, were recorded. For FDRs
with CRC, it was recorded whether they were

siblings or children/parents. By utilizing the
curves, constructed by Butterworth et al (3), of
the cumulative absolute risk of developing CRC
over 20 years the absolute risk was estimated,
taken into account the age of the individual and
the number of FDR with CRC. Low age (<50
years) of the index-person was not considered
for the absolute risk assessment in this study.
Statistical Methods
Analyses were undertaken using the statistical
software programme Statistica (version 10.0),
StatSoft Inc.©, Tulsa, Oklahoma, USA. A pvalue of <0.05 was considered to be statistically
significant. Logistic regression with the modelled
probability of having an advanced lesion or an
adenoma was used to determine the impact of
different risk factors. Age of the individual, age
of the youngest in the pedigree, age of the
youngest FDR, sex, number of FDR, SDR and
TDR, and the kind of FDR relationship (sibling or
parent), were considered. When assessing
inheritance only individuals with either parents or
siblings, not both, with CRC were analysed. Age
at the first lesion (adenoma or advanced lesion)
or, when no lesion was detected, the age at the
last colonoscopy was employed in the logistic
regression analyses.
Multicolinearity and interaction were considered
when fitting the models. The number of FDR and
the sum of the numbers of SDR and TDR were
not independent covariates, and therefore two
separate models were employed. In validating
the multivariate fitted model, the Hosmere
Lemeshow “goodness-of-fit” statistic (HL) was
employed. A large p-value (>0.05) indicated that
the null hypothesis (lack of fit) could not be
rejected, meaning we do not have reason to
believe that the model fitted the data on a nonacceptable level. The Student’s t test was
employed for comparing ages in different
subgroups. Incidence of adenomas and
advanced lesions at surveillance were analysed
2
by χ -test, and for the multivariate analysis, a
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logistic regression model was employed
considering age, sex, time in study and
prevalence of hyperplastic polyps (HP),
adenomas and advanced lesions at screening.
The estimated number of screening cancers in
the cohort was calculated by adding the
expected number for each age group extracted
from the age and gender specific incidence in
the Swedish population (18)

RESULTS
Descriptive data
The study covered 20 years of colonoscopy
examinations (January 1990 to June 2010).
There were 1203 individuals, 470 (39%) men,
from 521 families included in the study. There
were 676 (56%) individuals with one FDR, 299
(25%) with two or more FDR and 228 (19%) with
only SDR and TDR with CRC. In the total
population, the mean age at the first
colonoscopy was 51.9 (range 17-86; SD 11.8)
years, and for men it was 51.1 (range 21-86; SD
12.1) years, and for women 52.3 (range 17-84;
SD 11.3). In total, 2293 colonoscopies were
performed, and 594 (49.4%) individuals had two
or more examinations performed. The mean
follow-up time for those who participated in
surveillance was 55 (SD 32) months.
Colonoscopy findings
There were five individuals (0.4%) with six
cancers; four were detected at the screening
colonoscopy and two during surveillance. The
expected number of screening-cancers in the
Swedish population matched for age and gender
(18) was calculated to be 0.8 compared to four
that were found (p<0.001).
At least one simple adenoma was found in 228
(19%) of the individuals and 94 (8%) had at least
one advanced adenoma or cancer as the most
advanced lesion. HP was encountered as the
most advanced lesion in 208 (17%) persons. In

672 (56%) of the individuals no polyps were
recorded.
Risk factors in family history
Table 1 shows data for univariate and bivariate
(controlling for age) analyses, and Table 2
shows the multivariate logistic regression
analysis for the outcome of having adenomas
and advanced lesions. Increased age was the
strongest risk factor for both adenomas and
advanced lesions. A difference was that the risk
of adenomas was weakly associated with the
sum of SDR and of TDR, while the risk of
advanced lesions was associated with the
number of FDR. There was also an association
with early age at onset in the family (<50 years)
with having advanced lesions but not with
having adenomas. There was no difference
between men and women regarding the risk of
adenomas or advanced lesions. Likewise, there
was no difference in the risk related to the kind
of FDR relationship, except in the univariate
analysis for advanced lesions where a strong
association for siblings was seen, although this
association could not be observed when
controlling for age in the bivariate analysis.
The absolute risk of developing cancer over 20
years, as estimated from
Butterworth (3),
correlated significantly both to having a simple
adenoma (OR 1.09, p=0.0005) and to having an
advanced lesion (OR 1.24, p<0.0001). Due to
the fact that this absolute risk was based both
on age and on the number of FDR with CRC, it
was not, because of multicolinearity, possible to
introduce as a variable in a multivariate analysis.
Findings at screening colonoscopy as risk
factors
Table 3 and 4 summarizes the univariate and
multivariate analyses regarding association
between colonoscopy findings at screening and
findings during surveillance. The univariate
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Table 1 Univariate and bivariate (controlling for age) logistic regression analysis of family
history variables associated with having simple adenoma or advanced lesion (n=1203)
Simple adenoma

Univariate analysis

Controlling for age

Variable

Level of effect

OR

95% CI

p-value

OR

95% CI

p-value

Sex

Men (n=470)

1.08

0.94-1.22

0.58

1.10

0.96-1.24

0.50

Women (n=733)

1.00

Siblings (n=207)

0.98

0.73-1.04

0.46

Parent/child (n=568)

1.00

<50 years (n=383)

0.85

0.80-1.06

0.57

>50 years (n=820)

1.00

Horizontal/vertical

1

Age youngest in
family

1.00
0.83-1.21

0.44

0.86
1.00

0.63-1.14

0.29

0.92
1.00

N FDR

1.18

0.99-1.41

0.06

1.11

0.92-1.34

0.28

N SDR

1.09

0.97-1.21

0.17

1.11

0.98-1.26

0.09

N TDR

1.08

0.94-1.23

0.29

1.12

0.96-1.30

0.15

1.08

0.99-1.17

0.10

1.10

1.01-1.19

0.03

1.01

1.00-1.02

0.03

N SDR+TDR
Age of individual

2

Advanced adenoma

Univariate analysis

Controlling for age

Variable

Level of effect

OR

95% CI

p-value

OR

95% CI

p-value

Sex

Men (n=470)

1.21

0.80-1.84

0.37

1.28

1.07-1.49

0.26

Women (n=733)

1.00

Siblings (n=207)

2.10

0.80-2.47

0.24

Parent/child (n=568)

1.00

<50 years (n=383)

1.23

1.19-2.53

0.04

>50 years (n=820)

1.00

Horizontal/vertical
Age youngest in
family

1

1.00
1.25-3.53

0.004

1.40
1.00

0.97-1.68

0.35

1.62
1.00

N FDR

1.75

1.50-2.00

<0.0001

1.38

1.10-1.66

0.03

N SDR

0.79

0.63-0.98

0.04

0.85

0.63-1.07

0.16

N TDR

0.87

0.60-1.14

0.32

0.97

0.71-1.23

0.80

0.84

0.68-1.00

0.04

0.91

0.75-1.07

0.26

1.05

1.03-1.07

<0.0001

N SDR+TDR
Age of individual

2

1

Only those with horizontal (siblings) or vertical (parent/child)inheritance were included (n=775)

2

Age when finding of simple adenoma or advanced adenoma, else age at the last colonoscopy.
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Table 2 Multivariate logistic regression analysis of family history variables
associated with having a simple adenoma or an advanced lesion (n=1203)
Model 1

#

Model 2

##

OR

95% CI

Simple adenoma
Variable

Level of effect

Sex

Man vs woman

Age of individual1
Age youngest <50

Yes vs no

N FDR

OR

95% CI

p-value

1.10

0.84-1.45

0.50

1.07

0.81-1.42

0.62

1.01

1.00-1.02

0.16

1.02

1.00-1.03

0.01

0.90

0.66-1.22

0.49

0.91

0.70-1.23

0.53

1.12

0.93-1.36

0.16
1.10

1.01-1.21

0.04

N SDR+TDR
Advanced lesion
Variable

Level of effect

Sex
Age of individual

Man vs woman
1

Age youngest <50
N FDR

Yes vs no

p-value

OR

###
95% CI

p-value

OR

95% CI

####
p-value

1.28

0.83-1.96

0.26

1.26

0.82-1.94

0.29

1.04

1.02-1.06

0.0001

1.05

1.03-1.07

<0.0001

1.53

0.97-2.42

0.07

1.7

1.00-2.47

0.05

1.34

1.01-1.77

0.04
0.91

0.76-1.07

0.24

N SDR+TDR
1

Age when finding of simple adenoma or advanced adenoma, else age at last colonoscopy
Hosmere Lemeshow goodness-of-fit statistic (HL): # p= 0.30; ## p= 0.34; ### p= 0.60; #### p=0.90

analysis revealed that prevalence of HP and
adenomas as well as advanced lesions at
screening were associated with findings of
adenomas during surveillance. On the other
hand, only advanced lesion at screening was
associated with a higher incidence of advanced
adenomas during surveillance. These results
were reaffirmed in the multivariate analysis,
where in case of advanced lesion, time in study,
and increasing age, were associated with
increased risk of these.

DISCUSSION
Surveillance by colonoscopy is commonly
recommended for individuals with increased risk
of CRC due to family history, but
recommendations for the interval between the

exams and the age at initiation of screening are
not unanimous. Our key issue was whether
some of the known risk factors were more
powerful than others in predicting risk of
developing CRC during surveillance. Therefore,
1203 individuals with family history of CRC, who
participated in a colonoscopy prevention
programme, were studied regarding family
history and the role of findings at the screening
colonoscopy and of subsequent findings during
surveillance. Due to the circumstance that very
few cancers were detected, the prevalence of
advanced lesions was used instead of CRC as
endpoint when assessing the risks for CRC.
Our results regarding age were in line with other
studies. Increased age is a well-recognised risk
factor for CRC and adenomas in the context of
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Table 3 Correlation of colonoscopy-findings at screening and
during follow-up (n=594)
Univariate analysis with respect to adenoma incidence during follow-up
2

Variable
HP at screening
Yes
No

N

N with Ad (%)

χ

p-value

174
420

53 (30.5)
76 (18.1)

11.06

0.0008

Adenoma at screening
Yes
No

149
445

63 (42.3)
66 (14.8)

49.48

<0.0001

Advanced lesion at screening
Yes
No

55
539

20 (36.4)
109 (20.2)

7.65

0.006

Univariate analysis with respect to advanced lesion incidence during follow-up
p-value
Variable
N
N with Aad (%)
χ2
HP at screening
Yes
No

174
420

11 (6.3)
25 (6.0)

0.29

0.86

Adenoma at screening
Yes
No

149
445

12 (8.1)
24 (5.4)

1.38

0.24

Advanced lesion at screening
Yes
No

55
539

11 (20.0)
25 (4.6)

20.68

<0.0001

2

N number of individuals; χ Chi-2

sporadic cases, as well as in cases with family
history of CRC (19, 20).
One important aim was to explore whether
having more distant relatives than FDR with
CRC had an impact on the prevalence of
adenomas and advanced lesions. We noticed
that the risk of advanced lesion was increased
with the number of FDR with CRC in univariate
as well as multivariate analysis (OR=1.3,
p=0.04). This phenomenon was not noted for
adenomas, but on the other hand, the sum of
SDR and TDR seemed to have a weak influence
on the prevalence of adenomas but not on

advanced lesions. Our results were in line with a
recent study which did not find a direct
relationship between number or closeness of
affected relatives and frequency of adenomas
(21). But on the other hand, as shown in a metaanalysis by Wilschut (22), for the risk of
developing adenomas the existence of family
history (defined as at least one FDR with CRC)
seemed to be more important than the exact
number of FDR with CRC. In our study, only
25% of the individuals had more than one FDR
with CRC, so for the most part we evaluated the
effect of having one FDR compared to having no
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Table 4 Multivariate logistic regression analysis of status at screening
colonoscopy associated with having a simple adenoma or an advanced
lesion during follow-up (n=594)
Simple adenoma

#

Variable

Level of effect

OR

95% CI

p-value

Sex
Age
Time in study (years)

Man vs woman

1.25
1.02
1.19

0.80-1.96
1.00-1.04
1.11-1.29

0.32
0.08
<0.0001

1.64
4.29
2.74

1.05-2.58
2.73-6.73
1.41-5.35

0.03
<0.0001
0.003

HP Yes/No
Ad Yes/No
AAd Yes/No

Advanced adenoma

##

Variable

Level of effect

OR

95% CI

p-value

Sex
Age
Time in study (years)

Man vs woman

0.91
1.05
1.16

0.44-1.89
1.02-1.09
1.04-1.29

0.004
0.009

HP Yes/No
Ad Yes/No

0.89
1.25

0.41-1.92
0.59-2.67

0.76
0.56

AAd Yes/No

5.22

2.30-11.84

<0.0001

0.80

HL Hosmere Lemeshow goodness-of-fit statistic # HL p=0.99; ## HL p=0.32

FDR with CRC. Furthermore, in a large
population-based study by Taylor et al (23) it
was stressed that family history per se, without
respect to age, is not a strong predictor of
exactly which individuals will acquire CRC in the
next 20 years. Interestingly, the estimates by
Butterworth (3) of the absolute risks of CRC –
based on number of FDR and age - correlated
very well both with prevalence of advanced
lesions and adenomas in our study. Altogether,
this might support the notion that the bivariate
odds-ratios, correcting for age, could be a fair
estimation of the risk contribution of each
individual variable, since the bivariate oddsratios do not differ substantially from the
multivariate (Table 1 and Table 2).
Furthermore, Taylor noted when exploring
different constellations of FDR, SDR and TDR,
that a sole positive SDR family history was

associated with increased risk of CRC, but this
risk was smaller than that of having a positive
FDR family history. Our results indicate that
history of SDR and TDR only contribute to a
weakly increased risk of adenomas and hardly to
any risk increase for advanced lesions, but we
have, on the other hand, not explored different
constellations of affected FDR, SDR and TDR,
mainly due to limitations in the size of our study.
Having a family member afflicted by CRC before
the age of 50 was of importance for the risk of
developing advanced lesions but not of
developing adenomas. If equating advanced
lesions and CRC, our results were in line with
Butterworth (3). Taylor has also reported an
increased risk of CRC if there was an FDR
below the age of 50 but also when there was an
SDR with early onset of CRC (11). In fact, we
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have included FDR, SDR as well as TDR with
CRC below the age of 50 in our analysis, and
having a relative with CRC at early age
increased the risk of advanced lesions.
The observation that the risk of having
adenomas did not depend on CRC at early age
in the family could suggest that even if
adenomas are precursors of advanced
adenomas – most will never develop into cancer
and thus the risk of CRC does not depend much
on the findings of small adenomas (24).
In the present study, the risk of advanced
adenomas was higher for siblings compared to
children/parents of the affected relative in the
univariate analysis, but when adjusting for age
the difference in risk could not be observed. Our
results after adjusting for age were in contrast to
many studies, which have observed that siblings
of affected individuals have higher risk than
parents (3, 4, 25), though Boardman et al (25)
studied relatives of probands with colorectal
cancer below the age of 50. A higher risk in
siblings might indicate an autosomal recessive
inheritance pattern. On the other hand, our
results were in line with other studies, one for
adenomas (10) and one for cancer (11). This
might be interpreted as reflecting aging of the
family members accompanied with more siblings
being afflicted by CRC, rather than a true
correlation. Moreover, in the univariate analysis
in an Italian study, an increased risk of colorectal
neoplasia that was observed in siblings
compared to offspring but was not observed in
the multivariate analysis (26).
In contrast to most studies, we did not observe a
gender difference regarding the risk of
adenomas or advanced adenomas in our study
(27), though a Japanese study reported the
same observation as ours (27). The absence of
gender difference might partly be explained by
that in most endoscopies dyeing with indigo
carmine was employed, facilitating a higher a
higher detection rate of flat adenomas in the

right colon of women. However, it may also be
possible that environmental factors (e.g.
hormones) could play a more important role in
the sporadic cases than in the familial cases.
This study also addressed risks associated with
the findings at the screening colonoscopy and
with the findings at
the
surveillance
colonoscopies.
A
correlation
between
prevalence of HP and adenomas has been
observed in previous studies (28, 29). In this
study, HP at the screening colonoscopy seemed
to correlate with simple adenomas but not with
advanced lesions at surveillance. The lack of
correlation between advanced lesions and HP
might indicate that HP is not a marker for risk of
development of CRC. Simple adenomas at the
first colonoscopy correlated with adenomas but
not with advanced lesions during surveillance in
the univariate analysis as well as in the
multivariate
analysis.
Indeed,
Lieberman
concluded that one or two small tubular
adenomas at the baseline colonoscopy
represented a low-risk group and multiple or
advanced adenomas represented a high-risk
group for advanced neoplasia at follow-up (30).
Lieberman also suggested that there is a strong
association between results of baseline
screening colonoscopy and rate of serious
incident lesions during 5.5 years of surveillance.
One of the drawbacks with the study was that
only half of the population participated in
surveillance and that the follow-up time among
these was relatively short, in average 55 months.
A reason for this was that a relatively large
cohort was recruited by the end of the study.
In summary, our data indicate that influence of
different risk factors on the prevalence of
adenomas and of advanced lesions diverge,
possibly reflecting that simple adenomas and
advanced
adenomas
constitute
different
biological entities. Focusing on advanced
lesions, this study indicated that high age of the
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patient, high prevalence of FDR with CRC,
having a close relative with CRC below age 50
and findings of advanced lesions at the
screening colonoscopy were risk factors of
importance for subsequent advanced lesions
during follow-up. Findings of simple adenomas
and hyperplastic polyps did not seem to predict
for subsequent advanced lesions. These results
may have implications when designing
colonoscopy surveillance programmes for
individuals with family history of CRC.
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