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1. Introduction

Colorectal cancer can serve as an excellent model
for cancer prevention. Tumors start as early premalig-
nant lesions, easy to detect and remove, progress over
adenoma with a varying degree of atypia into carcino-
mas [1]. Thus, early detection is possible and of major
importance in reducing the morbidity and mortality in
colorectal cancer.

During the last decade much new knowledge has
come to light concerning the hereditary forms of col-
orectal cancer. The number of individuals participat-
ing in prevention programs is increasing and includes
healthy high-risk individuals [2,3]. These prevention
programs comprise genetic counseling and when possi-
ble, predictive genetic testing. Regular colonoscopies
provided for high-risk individuals have resulted in de-
creased incidence of and mortality from colorectal can-
cer [4]. This surveillance is well tolerated and un-
derstood by those included in these preventive pro-
grams [5].
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1.1. A family history of colorectal cancer is
associated with an empirically increased risk of
the disease

Numerous studies have been performed in an effort
to delineate the excess risk of colorectal cancer in fam-
ily members. First-degree relatives of persons with col-
orectal cancer have been found to have a RR of around
3 of a large bowel malignancy compared to a control
group [6–8]. The risk is also depending of age of onset
of diagnosis in the relatives.

1.2. Familial colorectal cancer

Inherited colorectal cancer syndromes could be de-
lineated based on the pathology of the polyp such
as adenoma including Familial adenomatous polypo-
sis (FAP) [9] and Hereditary non-polyposis syndrome
(HNPCC) [10], or hamartoma comprising Peutz-
Jeghers syndrome,Juvenile polyposis and Cowden syn-
drome. A milder phenotype of FAP, called attenuated
FAP has been described, and is caused by mutations at
the extreme 5’ or 3’ ends of the APC gene [11]. Muir-
Torre’s syndrome is considered to be a subtype of HN-
PCC [12]. In Turcot’s syndrome, germline mutations
in the APC gene as well as the mismatch repair genes
have been reported [13,14].
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2. Hereditary nonpolyposis colorectal cancer
(HNPCC)

In any population, the frequency of HNPCC (or any
other syndrome) varies with the criteria used to define
the syndrome. Selection bias in the group investigated
or the use of different study protocols would also in-
fluence an estimation of the frequency. Another reason
for diverging results could be a genuine geographic or
ethnic variation. The overall incidence of colorectal
cancer is also of importance as the familial frequency is
boosted in low-incidence areas. One obvious difficulty
with epidemiological studies on HNPCC is the lack of
a specific phenotype, distinguishing it from sporadic
colorectal cancer. In 1990, it was therefore decided
upon minimum criteria of HNPCC (Amsterdam I) [15].
This first operational definition of the syndrome was
formulated mainly for research purposes and as such
they focused on specificity rather than sensitivity. With
time it was perceived they were too strict for clinical
practice and not enough helpful in identifying fami-
lies for genetic counseling and surveillance. A looser
set of criteria were formulated (Amsterdam II) [16] in-
cluding associated malignancies such as endometrial,
small bowel, ureter and renal pelvis cancer. No mini-
mum numbers of relatives affected or age specifications
were demanded. A few population-basedstudies on the
frequency of HNPCC using clinical criteria have been
published and are summarized in Table 1 [17–23]. The
identification of germline mismatch repair deficiency
as the molecular basis of HNPCC [24–26] has made
possible another way of estimating the frequency of the
syndrome. A higher percentage of MLH1 and MSH2
mutations have been found in families complying fully
with the Amsterdam I criteria [27]. The frequency of
HNPCC varies in different populations. One example
is the Finnish population where a widespread ances-
tral founder mutation on the MLH1 gene explains the
high frequency of HNPCC. In most Western countries,
it seems reasonable to estimate the frequency to about
1%. Studies estimating the frequency with a molecular
approach are summarized in Table 2 [28–32]. Still,
these figures could be underestimated since most mu-
tation screening studies report mutations only in about
50% of HNPCC cases [27,33–35].

3. Unknown colorectal cancer syndromes

These syndromes can be classified in high risk or
low risk families depending on the number of afflicted

members in the family. The studies related above on
HNPCC clearly demonstrates the difficulties to esti-
mate the frequency of a syndrom with a complex phe-
notype. We conducted a study aiming to determine the
frequency of the unknown remaining colorectal cancer
syndromes. The high-risk families and low risk fam-
ilies were estimated to 1.9 and 8.3% respectively in a
Swedish county, shown in Fig. 1 [23]. Families with
a family history of three or more first-degree relatives
with colorectal cancer are likely to segregate predis-
posing mutations in high-risk genes, causing heredi-
tary colorectal cancer [2,3]. Families without muta-
tions in the DNA mismatch repair genes are likely to
segregate germline mutations in yet unknown predis-
posing genes. In fact, a locus for non-HNPCC familial
colorectal cancer was recently published [36].

Low risk families can be described as two close rel-
atives with colorectal cancer. This occurrence may re-
sult from a combination of inherited susceptibility and
shared environmental factors. Kindred studies have
found that common familial risk probably arises from
mildly to moderately penetrant inherited susceptibility
factors [37–39]. These studies indicate that the predis-
position for colorectal cancer is common in the popula-
tion and may account for a substantial fraction of colon
cancer cases. The presence of low penetrant genes may
be an explanation for the development of colorectal can-
cer in the low risk families. These types of genes can
comprise subtle sequence variants or polymorphisms
and may be associated with a small-moderate increased
risk for colorectal cancer [38,39].

4. Phenotype in HNPCC and the unknown
syndromes

Typically, an early age of onset of colorectal cancer
is similar in FAP and HNPCC. However, adenoma are
seen decades earlier in FAP compared to HNPCC. An-
other striking difference between these two syndromes
is the number of adenoma and the cancer risk in each
adenoma [40]. We hypothesize that tumors not associ-
ated with DNA mismatch repair deficiency arose from
different carcinogenic pathways and thus showed some
phenotypic similarities and differences, as do FAP and
HNPCC.

4.1. Prevalence of adenomas

The prevalence of sporadic colorectal adenoma-
tous polyps increases with age [41]. Autopsy studies
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Table 1

Location Year Criteria HNPCC frequency Comment

Denmark [Katballe, 2002 #17] 95–98 Amsterdam I and II 1.5 (95 % CI 0.8–2.2)
UK [Evans, 1997 #18] 81–95 Amsterdam I 0.3 Amsterdam II 1.4
USA [Peel, 2000 #19] 94–96 Amsterdam I 0.9 (95 % CI 0.3–2.1)
Italy [Ponz de Leon, 1993 #20] 84–89 Amsterdam I 3.4
Finland [Mecklin, 1987 #21] 70–79 At least three first-degree relatives

with CRC
3.8 Low-incidence area

Finland [Mecklin, 1995 #22] Amsterdam I 0.7
Sweden [Olsson L, 2003 #23] 98–01 Amsterdam I 1.2 (95% CI 0.2–2.2)

Table 2
Germ-line mutated MLH1 and MSH2 and the frequency of HNPCC

Location Year HNPCC frequency Comment

Finland [Aaltonen, 1998 #28]. 94–96 2% 5/10 founder mutations
Finland [Salovaara, 2000 #29] 96–98 3.4% 13/18 founder mutations
Slovenia [Ravnik-Glavac, 2000 #30]. 96–98 1.3%
USA [Samowitz, 2001 #31]. 91–94 0.86 Colon cancer only
Italy [Percesepe, 2001 #32] 96–97 0.3 (95% CI 0–0.9) High-incidence area

Sporadic colorectal cancer

FAP<1%
HNPCC<2%

Unknown, High-risk
Syndrome 1.9%

Unknown, Low-risk
Syndrome 8.3%

Fig. 1. Circle diagram demostrating the frequencies of different colorectal cancer cases with respect to genetic background (from Olsson L. and
Lindblom A.: Family history of colorectal cancer in a Sweden county, Fam Cancer 2 (2003), 87–93).

show that the prevalence of adenoma is between 22%–
36% [42,43]. Prevalence of adenoma in individuals
with hereditary colorectal cancer is reported in several
studies. There is a wide variation from 14%–25% [3,
44]. In our experience, HNPCC cases as well as cases
in the remaining syndromes show more adenoma than a
control population [2]. When we compared the preva-
lence of adenoma in subjects from HNPCC and un-
known syndromes, there was a tendency for both high
risk and low risk family members to have more ade-
noma [2,3].

4.2. Prevalence of hyperplastic polyps

Hyperplastic polyps have been found frequently in
patients with colorectal carcinoma [45]. Prevalence
numbers in the general population vary in different
studies. In individuals over the age of 50 years the

prevalence of hyperplastic polyps has been determined
to be 20–40% [41,43]. Few reports present the preva-
lence of hyperplastic polyps in HNPCC. In one study
from 1998, the prevalence of hyperplastic polyps was
14% in HNPCC and 8% in a matched control group
without a family history of colorectal cancer [46]. In
our Swedish cohort of risk subjects, including HNPCC
and individuals from other high risk and low risk fam-
ilies, the prevalence of hyperplastic polyps was 9.3%,
15.7%, and 31.3% respectively in this risk groups [3].

4.3. An association between adenoma and
hyperplastic polyps

An association of hyperplastic polyps with syn-
chronous findings of adenoma has been reported in
several autopsy studies [41,47]. The presence of syn-
chronous adenoma and hyperplastic polyps indicate
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Fig. 2. Frequency (%) of carcinomas (C), adenomas (A) and hyperplastic polyps (HP) in different colorectal cancer cases with respect to genetic
background (Liljegren A. et al., Prevalence and incidence of hyperplastic polyps and adenomas in familial colorectal cancer: correlation between
the two types of colon polyps, Gut 52 (2003), 1140-7).

that some of the hyperplastic polyps have a malignant
potential or are both polyps attributed to the same un-
derlying genetic factor. A significant association of
adenoma and hyperplastic polyps was found in screen-
ing individuals having one or two close relatives with
colorectal cancer [48]. In the analyses of our Swedish
cohort including HNPCC and individuals from high
risk and low risk families, a significant association be-
tween hyperplastic polyps and adenoma was found in
HNPCC as well as both high risk and low risk unknown
syndromes [3]. Thus, hyperplastic polyps could po-
tentially be used to identify high-risk individuals in all
syndromes with increased risk of colorectal cancer [3].

4.4. Age of onset of adenoma and carcinomas

The mean age of onset of adenoma and carcinomas
in HNPCC and the unknown syndromes were studied,
and we found that the age of onset for the unknown
syndromes was around 10 years older compared to HN-
PCC [2,3]. In the study of prevalence of various syn-
dromes in a Swedish county, only HNPCC patients
were younger at onset compared to sporadic cases [23].
However, the difference was less clear in this popula-
tion based study than previously reported.

4.5. Location of tumors in the colon

Several authors suggest a proximal and a distal path-
way to colorectal cancer [40,49,50]. In a meta analysis,

8 of 11 studies distinguished between colon and rec-
tal cancer index cases, the cancer risk in relatives was
greater if the index case had colon cancer rather than
rectal cancer [51]. A model combining the data of tu-
mors displaying high microsatellite instability (MSIH)
and microsatellite stable (MSS) tumors with data on
environmental exposure has also been suggested [52].
Additional support for different pathways to colorectal
cancer is the different distribution of MSIH and MSS
tumors in the colon. Almost all sporadic MSIH can-
cers occur in the proximal colon, whereas most spo-
radic MSS cancers are distributed more distal [53,54].
Similarly, MSS cancers in FAP are often distal while
MSIH cancers in HNPCC are more proximal [40].

The colorectal distribution of carcinomas, adenoma
and hyperplastic polyps in HNPCC and in high- and
low risk familial colorectal cancer syndromes is shown
in Fig. 2 [3].

Sporadic adenoma are evenly distributed in the colon
although there is a shift from distal to proximal loca-
tion in older age groups [55]. The published proximal
distribution of adenoma in HNPCC varies from 28% to
82% [3,56,57]. In our studies, adenoma in HNPCC as
well as the unknown syndromes were quite evenly dis-
tributed (Fig. 2) [2,3]. However, the distribution of car-
cinomas differed among those groups. In HNPCC, the
carcinomas were slightly more proximal than adenoma,
suggesting a higher risk of cancer in proximal adenoma
in this syndrome (Fig. 2). In contrast, in the unknown
syndromes the distribution of carcinomas was clearly
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more distally oriented compared to adenoma, suggest-
ing a higher risk of cancer in distal adenoma (Fig. 2) [3,
40]. Hyperplastic polyps in HNPCC are reported to be
predominantly located in the distal colon (>70%) [3,
58]. Hyperplastic polyps in the MSS high- and low risk
syndromes were also distributed distal, although not to
the same degree as in HNPCC (Fig. 2) [3].

4.6. The cancer risk in adenoma

Most polyps grow to a certain size and then go into
spontaneous regression [59]. Five to 10 percent of all
adenoma will develop carcinoma [60]. The cancer risk
in adenoma seems to vary depending on genetic back-
ground. In a recent study, that involved a three-year
follow up, adenoma in individuals with a family history
of colorectal cancer increased significantly more in size
than those in a control group without family history of
colorectal cancer [61]. This indicated a higher cancer
risk in the adenoma in subjects with a family history
of colorectal cancer [61]. Moreover, there is an ob-
vious difference in cancer risk in an adenoma in FAP,
where there are up to thousands of adenoma of which
one becomes malignant after decades, compared to a
single adenoma in HNPCC with a high risk of maligni-
fication within a year [40]. From our studies, it seems
that also the cancer risk in adenoma in subjects from
the other MSS high- and low risk syndromes varies be-
tween syndromes. The cancer risk in adenoma in all
MSS syndromes seems lower than that in HNPCC [2].
Moreover, since the low risk subjects tended to have
more adenoma in relation to their lower expected can-
cer risk, the cancer risk in adenoma from low risk fam-
ily members seemed lower than that in high risk mem-
bers [2]. We conclude that the lower observed risk of
cancer in the low risk families do not depend on few
adenoma, but rather on a much lower risk of cancer
in the adenoma [2]. The difference in distribution of
adenoma and carcinomas in the various syndromes dis-
cussed above also suggest that the cancer risk might
differ in depending on location in each syndrome.

4.7. The cancer risk in hyperplastic polyps

There is considerable evidence that adenoma in one
individual are associated with a significant increased
risk for future adenoma in the same person [62,63].
Hyperplastic polyps may also act as predictors for sub-
sequent development of adenoma or carcinomas. In
one study, patients with hyperplastic polyps were 2.4
times more likely to have further adenoma than those

without polyps [64]. Although some studies have sug-
gested a pathway where hyperplastic polyps develop
over serrated adenoma into carcinomas [65], most hy-
perplastic polyps are not likely to confer a cancer risk
of their own.

5. MSI test to distinguish between HNPCC and
unknown syndromes

MSI (or immunohistochemistry) is today commonly
used in a clinical setting to define patients with germline
mutations in the DNA mismatch repair genes [27,66–
68]. The MSI test then automatically also define the
patients likely to have mutations in the remaining un-
known predisposing genes, provided the MSI test is ap-
plied to a patient with a family history or early onset of
colorectal cancer. Even if MSIH is a hallmark of HN-
PCC, it cannot be used to define HNPCC in unselected
cases since, although 15% of those are MSIH, the vast
majority of those unselected cases are sporadic [68,69].
The sensitivity is improved if the MSI test is limited to
pre-selected cases [27,66–68].

5.1. MSIH defines HNPCC in a familial case

How reliable is MSIH in a familial case to predict
HNPCC with germline mutations in DNA mismatch
repair genes? In colorectal cancer families with MSIH
tumors, germline mutations are detected in a high pro-
portion [70–73]. Yet, there are cases where no muta-
tion is found [70–73]. This could be explained by the
techniques used for mutation detection [70,71]. How-
ever, even if using several methods detecting missense
and nonsense mutations, deletions or insertions of a
few nucleotides as well as deletions and duplications
of whole exons, still there are unexplained cases with
MSIH tumors [71–75]. A MSIH tumor could represent
a false positive case if the MSI test to define HNPCC
used only one tumor in a family. This tumor could be
from a sporadic MSIH case or a familial non-HNPCC
case where the MSIH phenotype is somatically derived.
Somatic mutations in the MMR genes are rare but can
sometimes explain a single MSIH case [76,77]. How-
ever, familial non-HNPCC cases as well as HNPCC
cases can show MSIH associated with a somatic methy-
lation [78–82]. Yet, it can not be ruled out that other
predisposing genes causing MSIH tumors exist. MSIH
tumors with expression of all MMR proteins have been
described [83–85]. Unknown genes causing MSIH tu-
mors could cause these cases, but often a repeated MSI
and/or immunohistochemistry analysis on a new por-
tion of the tumor would clearify this issue.
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Table 3

Colorectal screening recommendations in Sweden

Syndrome Screening tool Age to start Interval, y

HNPCC Colonoscopy 20–25 2
High risk CRC Colonoscopy 10 y younger than the earliest diagnosis in

the family
3

Low risk CRC Colonoscopy 10 y younger than the earliest diagnosis in
the family

3–5

(with permission from the Swedish Oncogenetic Study group).

5.2. MSS defines non-HNPCC syndromes in a
familial case

How reliable is MSS in a familial case to predict a
non-HNPCC case with a germline mutation in other
predisposing genes? Could a MSS tumor come from a
patient with a germline mutation in a DNA mismatch re-
pair gene? Families with missense mutations in MLH1
or MSH2 with MSS tumors have been described [86,
87]. However, those families are rare and when they
are seen it is difficult to offer genetic testing since it is
not clear whether the mutation is pathogenic or not [86,
87]. Moreover, a MSS case could also constitute a false
negative if the wrong person was chosen for MSI test.
Even in HNPCC families sporadic MSS cases occur
and there are even examples of families where several
predisposing mutations exist in the same family, one
in a DNA mismatch repair gene associated with MSIH
tumors and another segregating with MSS tumors (un-
published data).

Still, if careful selection of the case for MSI test (or
immunohistochemistry) is used in a family in counsel-
ing, one tumor should be sufficient to give the correct
answer in most families to distinguish between HNPCC
and another syndromes with MSS tumors.

6. Surveillance to all risk subjects – tailored after
syndrome

When a genetic investigation fails to define the a
germline predisposing mutation in a family, risk esti-
mates for the family members should be based on em-
piric risk figures. All risk individuals should be offered
tailored surveillance program. In FAP, usually surveil-
lance is undertaken until onset of polyps when prophy-
lactic surgery is recommended. In all other colorectal
cancer syndromes various surveillance programs are
recommended. To optimize the preventive strategy one
should use the knowledge on each syndrome regarding
the type and number of polyps, as well as the location
of and the actual cancer risk in the polyps. Recently,

recommendations have been outlined in Sweden re-
garding the surveillance in families with increased risk
of colorectal cancer (Table 3). Various reports have
provided guidelines for recommendations in different
syndromes and risk settings [88–92]. It should be em-
phasized that the guidelines are empiric and rational,
but not based on prospective controlled studies. A 10%
or greater lifetime risk of dying from colorectal cancer
has been suggested to represent an appropriate level of
screening [93].

In conclusion, by taking a family history in all pa-
tients with a diagnosed colorectal cancer there is a
chance to detect an increased risk of the disease in close
relatives. Those families should be offered genetic
counseling and surveillance. In the counseling proce-
dure a simple MSI test will define HNPCC with a pos-
sible detection of a germline mutation in the mismatch
repair genes and pre-symptomatic testing and preven-
tive programs suitable for this syndrome. The MSI test
will at the same time define non-HNPCC high-risk or
low risk families segregating as yet unknown predis-
posing genes. The known phenotypic differences allow
specific surveillance also in these families, while mu-
tation testing will have to wait until the unknown genes
are defined. By offering all risk subjects surveillance
it is possible to prevent colorectal cancer in the whole
cohort of thus defined predisposed individuals.
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