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Heritable and genetic factors pertinent to colon cancer can be divided into three categories: inherited
syndromes, genetic epidemiology, and molecular genetics. Familial adenomatous polyposis (FAP) and
Gardnersyndrome (GS) are rare dominantly inherited syndromes characterized by hundreds to thousands of
colonic adenomatous polyps. Colon cancer occurs at a young age in both diseases unless the colon is
removed. Peutz-Jeghers syndrome and familial juvenile polyposis are inherited hamartomatous polyposis
conditions with a less dramatic, but definite, increased risk for colon cancer. These fourpolyposis syndromes
together account for less than 1% ofcases ofcolon malignancy. Hereditary nonpolyposis colorectal cancer is
a dominantly inherited form of colon cancer characterized by an early age of onset and a predilection for
proximal colonic tumours. Multiple primary malignancies are frequently observed and one or several
adenomatous polyps are often present in affected individuals; 4-6% of colon cancer cases occur in
relationship to this syndrome.

Genetic epidemiological studies have consistently shown that first-degree relatives of persons with
colon cancer have a twofold to threefold increased risk of having colon malignancy. More recent studies
have found a similar risk among relatives of those with adenomatous polyps. Studies of colon cancer and
adenomatous polyps in pedigrees have further demonstrated that this familial clustering probably occurs on
the basis of partially penetrant inherited susceptibilities. These inherited susceptibilities probably interact
with environmental factors to give rise to polyp growth and finally colon cancer.

Molecularstudies have begun to elucidate the genetic mechanisms ofcolon cancer at the DNA level. The
germinal mutation of FAP and GS has been localized to the long arm of chromosome 5. Tissue samples from
"random "adenomatous polyps and colon cancers have shown frequentand specific acquiredDNA sequence
deletions on chromosomes 5, 17, and 18. Mutations and over-expression of the ras oncogene likewise have
been observed in such tissues. The chromosome 5 defect in polyp and cancer tissues is probably at the
same locus as the germinal mutation of FAP. There is evidence that this locus normally regulates expression
of the c-myc oncogene, which in turn probably has a regulatory function in DNA replication. The chromosome
17 deletion is a mutation of the gene for the transformation-associated protein, p53.

Appropriate screening starting at a relatively young age is necessary to prevent cancer in the inherited
syndromes. Screening is also indicated in close relatives of those with nonsyndromic or common colon
cancer in view of the moderately increased risk for colon cancer in this group. The specific screening
guidelines for each category are presented in this paper.

Introduction
An understanding of the genetic mechanisms involved
in the pathogenesis of colorectal cancer is beginning
to emerge. Population genetic research has revealed
that inherited susceptibility factors may be important
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in most cases of colon cancer. At the same time mole-
cular genetic studies have begun to examine this
malignancy at the DNA level. The chromosomal
location of the mutation for familial polyposis, an
inherited syndrome of colorectal cancer, has been
determined. The specific DNA abnormality is likely
to be identified soon. Chromosomal locations ofDNA
sequence deletions have also been identified in random
polyp and cancer tissues. Elucidation of the bio-
chemical consequences of these DNA abnormalities
will lead to a detailed understanding of colon cancer
pathogenesis at the most basic levels.

Knowledge of the genetics of colon cancer has
already started to have an impact on prevention, early
detection and control strategies for large bowel malig-
nancy. This report reviews the genetics of colorectal
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cancer, both the epidemiological and molecular aspects.
It includes a description of the syndromes of inherited
colorectal cancer, a summary of the population gen-
etics of colonic polyps and cancer, and a discussion
of recent molecular genetic work. Screening recommen-
dations which derive from current knowledge of
colorectal cancer genetics are given, followed by
recommendations for future research in this area.

Inherited syndromes of colorectal
cancer
Inherited syndromes of colorectal cancer can be
separated into two categories. In the first are the
polyposis syndromes, rare autosomal dominantly in-
herited conditions, which arise from highly pene-
trant genes and are expressed as intestinal polyposis
and cancer. The second category consists of the
"hereditary nonpolyposis colorectal cancer syn-
dromes", which are also dominantly inherited condi-
tions characterized by a high genetic risk for colon
cancer. Individuals with the nonpolyposis syndromes,
however, express only one or a few colonic polyps and
have a propensity for proximal colonic tumours.

Inherited polyposis syndromes
There are a number of inherited polyposis syndromes.
They are best categorized into those which express
colonic adenomatous polyposis and those in which
multiple intestinal hamartomatous polyps are found.
The most important adenomatous syndromes are
familial adenomatous polyposis (FAP) and Gardner
syndrome. The most common hamartomatous syn-
dromes are Peutz-Jeghers disease and familial juvenile
polyposis. Although the cancer predisposition in each
of these syndromes is striking, together they account
for less than one percent of the cases of colorectal
cancer in western countries (1).

Familial adenomatous polyposls. Familial adenomatous
polyposis (FAP), previously called familial polyposis
coli, is an autosomal dominantly inherited condition
characterized by the striking phenotype of hundreds to
thousands of adenomatous polyps of the colon (2-8).
These polyps begin to appear in the second decade of
life, and are almost always expressed by age 30 years.
Colon cancer is an inevitable consequence if the colon
is not removed. The average age of cancer occurrence
is 39 years. This syndrome is present in approximately
one in every 8000 births.

The chromosomal location of the gene for FAP
has recently been mapped to the long arm of chromo-
some 5 (5q21-22). This mapping was accomplished
independently in two laboratories (9, 10) following the
observation of a DNA sequence deletion on chromo-

some 5 in an individual with mental retardation and
colonic adenomatous polyposis, but unaffected par-
ents (11). Efforts to identify the specific gene abnormal-
ity are now underway.

The nature of the cellular defect which leads to
polyposis can be characterized once the causative gene
is isolated. However, a number of consistently ob-
served "biomarkers" appear to arise from the genetic
abnormality, and have already been described. Most
pertinent are several specific abnormalities of the
colonic mucosa. These include increased proliferative
activity (12), increased ornithine decarboxylase (ODC)
activity (13), abnormal response to tumour promoter
(14), abnormal distribution of cytokeratins in the
colonic crypt (15), and abnormal mucins (16). A numb-
er of in vitro skin fibroblast abnormalities have also
been observed. These consist of chromosome instabil-
ity (8), loss of contact inhibition, decreased growth
medium requirements, increased susceptibility to
transforming virus, and others (17). Mucosal prolif-
erative activity and ODC are widely used in research
laboratories although none of the markers has yet
proved accurate enough for clinical application.

Gardner syndrome. The colonic manifestations of Gard-
ner syndrome (GS) are essentially the same as those
observed in FAP. GS is somewhat less common than
FAP, however, with an estimated occurrence of one in
14 000 births. The two syndromes also differ in that
individuals affected with GS exhibit certain benign
extraintestinal manifestations in addition to the co-
lonic polyposis (3,4,8, 18). These include cutaneous soft
tissue tumours, osteoma, supernumerary teeth and con-
genital hypertrophy of the retinal pigmentation epi-
thelium (CHRPE) (19, 20). Desmoid tumours and
mesenteric fibromatosis are additional benign growths
which may occur in this syndrome and are very
prevalent in some pedigrees. All of the extraintestinal
growths occur with variable expressivity and may
precede the development of intestinal polyposis. Cer-
tain extraintestinal malignancies also occur, albeit
uncommonly, including medullary thyroid carcinomas,
hepatoblastomas and CNS tumours.

The occurrence of CNS tumours in families with
other manifestations of GS is called Turcot syndrome.
There is debate as to whether Turcot syndrome is
a separate entity or a variant of GS (8). The distribu-
tion of the disease in several families also has suggested
that it may be an autosomal recessive disorder (21).

A frequent pleotrophic manifestation of the gene
for GS is the occurrence of polyps in the stomach and
small bowel (22-31). Up to 50% of individuals with G5
exhibit multiple small sessile gastric polyps. The
gastric polyps are hamartomas, referred to as fundic
gland polyps (32). They may appear before the onset of
colonic polyposis but have little ifany cancer potential
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or other clinical consequence. Duodenal polyps occur
in up to 90% ofGS patients. Unlike the gastric polyps,
the duodenal polyps are adenomas. They are usually
observed as multiple, small (1 to 4 mm) polyps,
although they sometimes grow quite large. Duodenal
adenomas exhibit malignant potential, with about a
10% lifetime risk of duodenal or periampullary cancer
in those with GS (33). Small bowel polyps which occur
distal to the duodenum are also adenomas. They may
be found in up to half of the syndrome patients.
Malignant transformation distal to the duodenum is
uncommon, however, as there are only a few case
reports of malignancy in this bowel segment.

The distinction between GS and FAP has become
less clear in recent years. Subtle extraintestinal mani-
festations of GS, in particular mandibular osteomas
(34), and CHRPE (35) frequently have been observed
in families otherwise thought to have FAP. Stomach,
duodenal and small bowel polyps also have been
identified in individuals with FAP, and with almost the
same frequency as in GS (24,28). Furthermore, the gene
for GS appears to have the same chromosomal
location as that for familial polyposis coli (36). The
explanation of the differences and similarities between
the syndromes awaits further definition of the diseases
at the DNA level.

Colonic adenomatous polyposis with 100 or more
polyps has been considered the sine qua non of the
adenomatous polyposis syndromes (3). None the less,
FAP families have been described in which some
members have expressed only a few colonic adenomas,
even at an age where complete expression of the
colonic phenotype would have been expected (37).
Thus it appears that occasional variability of expres-
sion occurs even with the colonic polyposis trait.

Peutz-Jeghers syndrome. Peutz-Jeghers syndrome is an
autosomal dominantly inherited disorder of multiple
gastrointestinal hamartomatous polyps (5, 38, 39). It is
about one tenth as common as FAP. The polyps occur
most often in the small bowel but may appear
throughout the gastrointestinal tract. Patients develop
symptoms when the polyps become large enough to
bleed or cause intussusception or obstruction. Another
manifestation of the Peutz-Jeghers syndrome is peri-
oral melanin pigmented "spots", which are present in
over 90% of affected individuals (5). These spots
usually also occur on the buccal mucosa and
sometimes on other cutaneous surfaces. The pigmen-
tation appears early in the first decade, while gastro-
intestinal polyps usually do not become symptomatic
until late in the second or early in the third decade
of life. The chromosomal location for the responsible
gene has not been mapped.

Recent reports indicate a cancer risk of nearly
50% in individuals affected with Peutz-Jeghers syn-

drome (40,41). The syndrome was previously thought
to have little malignant potential because the polyps
were hamartomas. Despite this, cancers have been
reported to occur in the stomach, duodenum, small
bowel, and colon, sometimes arising from the hamar-
tomatous polyps. Malignancies are most often seen in
extraintestinal sites, including pancreas and breast.

Familial juvenile polyposis. Familial juvenile polyposis
is also inherited as an autosomal dominant condition.
It is less common than Peutz-Jeghers syndrome,
although the exact incidence is not known. Hamar-
tomas (histologically different from Peutz-Jeghers
polyps) occur throughout the gastrointestinal tract in
affected individuals (42, 43). They are found most
frequently in the colon and often become symptomatic
in the first decade of life. As with Peutz-Jeghers
syndrome, cancer has been considered unusual in this
condition also. However, a colon cancer risk of at
least 9% (8), and possibly much higher (44), is now
recognized for affected individuals. The mean age of
cancer onset is 40 years. Unaffected family members
are also thought to have an increased risk for colorec-
tal cancer (8).

Hereditary nonpolyposis colorectalcancer(HNPCC)
HNPCC includes site-specific colorectal cancer and
the cancer family syndrome. These are also referred to
as Lynch syndromes I and II, respectively (45, 46).
Lynch syndrome I is characterized by an autosomal
dominantly inherited susceptibility to colorectal carci-
noma, with an early age of onset, a predilection to
tumour occurrence in the proximal colon, and a high
frequency of multiple primary colonic cancers. Lynch
syndrome II shows all the features of Lynch syndrome
I, but is also associated with extracolonic cancer,
particularly carcinoma of the endometrium and ovary.
Recent studies have shown tumour heterogeneity in
Lynch syndrome II, as evidenced by the presence of
an excess of gastric, small bowel, pancreatic, urinary
tract, and laryngeal cancers in specific extended pedi-
grees. Both syndromes exhibit highly penetrant
autosomal dominant inheritance of cancer. Together
they may account for as much as 4-6% of colon
cancers (47).

One or several adenomatous polyps are often
observed in affected individuals (48). It has been
suggested that "flat adenomas" (49) may occur with
some frequency in the nonpolyposis syndromes (50).
Mandibular osteomas, similar to those seen in the
polyposis syndromes, also sometimes occur in these
syndromes. Such osteomas are also seen in a signifi-
cant fraction of individuals with random colorectal
cancers, however, and therefore cannot be used to
distinguish nonpolyposis colorectal cancer (51, 52).
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Because of the lack of a distinctive phenotype, it
may be difficult to be certain if an adenoma or cancer
in an individual is "random," or if the lesion is
occurring as part of a nonpolyposis syndrome. A
precise family history is therefore critical. It will often
demonstrate whether the colon cancer is isolated, part
of an HNPCC family, or part of a partially penetrant
familial cluster of cases (see next section). To make
matters more difficult, there is some evidence of even
greater heterogeneity among familial cases of colon
cancer than these three categories (53). There may be
a spectrum of inherited susceptibilities ranging from
those with a very low to those with a very high
expression of polyps and cancer. Several investigators
have noted, for example, that multiple adenomas are
associated with a higher familial risk. This situation
may represent an "intermediate" syndrome, yet to be
well characterized. In view of such findings, it is
important to define the familial risk individually
within each pedigree or relationship. Screening can
then be tailored to the phenotypic characteristics
occurring in the specific family situation, even if the
genetic risk category cannot be well defined (see
section on screening). Lynch syndrome II may be even
more difficult to distinguish from random cancer cases
because of its additional association with otherwise
common extraintestinal malignancies.

Several preclinical markers have been identified
which appear to arise from the genetic defect of
HNPCC. Colonic cell proliferative abnormalities,
similar to those identified in the polyposis syndromes,
have also been demonstrated in individuals with the
nonpolyposis syndromes (54). Certain immunological
defects likewise have been observed (55). None of the
markers, however, are sufficiently accurate to specify
individual genotype in the clinical setting. Continued
marker investigation in conjunction with molecular
genetic work is likely to provide markers with suffi-
cient accuracy to identify affected persons. There is
some evidence that the gene for Lynch syndrome II
may reside on chromosome 18 (56).

Population genetics
In addition to the rare syndromes, there is convincing
evidence that partially penetrant inherited factors play
a role in the majority of colorectal cancer cases.

Genetic epidemiological studies

Early studies. The earliest studies compared the inci-
dence of colon cancer in first-degree relatives of colon
cancer patients to appropriate control groups. Three
large studies ofthis type used slightly different method-
ologies to demonstrate that colon cancer occurred in
first-degree relatives approximately 3.5 times more

often than expected by chance (57-60). The frequency
of gastric cancer in first-degree relatives of colon
cancer patients was examined in one of the studies (58)
It occurred at the frequency expected by chance. One
of the studies also demonstrated a proportionately
greater familial risk when the index cancer was diag-
nosed at a young age, or exhibited multiple adenomas
(60).

Each of the three studies excluded polyposis
patients and none of them found evidence of mono-
genetic inheritance (which would have been expected
if the nonpolyposis syndromes had been causing the
familial clustering of cases). The authors, therefore,
suggested other mechanisms to account for the familial
clustering of"common cases" of colorectal cancer. The
suggested mechanisms included shared environmental
factors, polygenic mechanisms, and decreased pene-
trance of Mendelian genes (recessive or dominant).

Recent studies. A number of recent studies have
investigated relatives of individuals identified from
hospital or tumour registry files. Most of the recent
studies have included relatives of adenoma patients as
well as colon cancer patients, because of the known
relationship between adenomas and cancer. In a report
from Scotland, 8 out of 50 (16%) consecutive colon
cancer patients had at least one first-degree relative
with colon cancer (61). Only 2% of an appropriate
control group had an affected first-degree relative.
A similar study from France found 19% of colon
cancer patients, 14.7% of adenoma patients, but only
3.4% of control patients to have an affected first-
degree relative (62). There were 170 probands in each
group. A large Italian cancer registry study demon-
strated similar findings: colorectal cancer was found
four times as often in first-degree relatives of colon
cancer and polyp patients than in first-degree relatives
of controls (63). In a study from Melbourne, Australia,
certain characteristics of colorectal cancer were exam-
ined in individuals with or without a positive family
history for colon cancer (64). Individuals with colon
cancer above the rectum had a positive family history
significantly more often than those with rectal cancer.
A positive family history was also more common
in patients less than 50 years of age, but not signifi-
cantly so.

A twofold increased risk for colorectal cancer was
found in first-degree relatives of colorectal cancer
patients as compared to controls in a large study from
Israel (65). However, in this study the risk of colon
cancer in relatives did not depend on the colonic site of
the tumour (proximal versus distal). A separate screen-
ing study from Israel demonstrated adenomas or colon
cancer in 8.1% of screened first-degree relatives of
cancer patients (66). These lesions were found in only
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3.7% of controls. Colonoscopic studies from New
York (67) and California (68) found a 25% and 19%
incidence of adenomatous polyps, respectively, in
first-degree relations of patients with colon cancer.
Neither study, however, had a control group, so
accurate relative risks could not be assessed. An excess
risk for adenomas and cancer was also found among
relatives in a case-control study from Italy which
involved over 1500 subjects (69). First-degree relatives
of individuals with colorectal cancer had a 3.18-fold
increased risk of having an adenomatous polyp and
a 2.36-fold increased risk of having a colon cancer
over controls.

Both the early and more recent epidemiological
and case-control studies provide consistent results:
first-degree relatives of those with colonic adenomas
or colon cancer are at an increased risk for large bowel
malignancy. The specific characteristics of colonic
neoplasms which occur in these relatives, however, are
less well defined. Early age of onset, for example, often
correlates with familial occurrence, but not always
(61,62, 70). An excess of proximal colonic neoplasms
sometimes correlates with family history (64), but
usually not (65,66). This trait has been considered a
possible feature of familial colon cancer because it is
observed in the nonpolyposis syndromes.

Genealogical data-base study
A recent genealogical data-base study gave a result
similar to the genetic epidemiological studies. In this
study, genealogies from the Utah Genealogical Society
(over 1.5 million entries) were linked to the Utah
Cancer Registry and the Utah Death Registry (71).
This provided a resource for testing the degree of
familial clustering, or relatedness, of individuals with
malignancy. The relationship (if any) of each individ-
ual with a given cancer to all other individuals in the
registry with that same cancer was determined (72-74).
This was compared to the relatedness of a number of
equally large age-, sex-, and county-of-birth-matched
control groups. The relatedness of those with colon
cancer was significantly greater than the relatedness
of those in the control groups. This method has the
advantage of complete ascertainment and determina-
tion of all levels of relatedness (i.e., not just first-degree
relatives). Interestingly, similar comparisons were
done for individuals with proximal and distal colorec-
tal cancer considered separately (72). Excess familial
clustering was observed to approximately the same
extent in both groups.

Pedigree studies
A recent endoscopic study examined the occurrence of
colorectal cancer and colonic adenomatous polpys in

a large kindred (73). Although there were multiple
cases of colon cancer, there were no apparent Men-
delian patterns of inheritance when the cancer cases
alone were considered. In addition, no features of the
inherited syndromic forms of colorectal cancer were
present. The study was designed to determine if
inherited susceptibility for adenomatous polyps was
responsible for the commonly observed familial clus-
tering of colon cancer. Flexible proctosigmoidoscopy
was used to screen relatives and spouses. Aden-
omatous polyps were found significantly more often
among 191 relatives than among 132 spouse-controls
(21% vs. 9%; P <0.005). Pedigree analysis showed
that the familial excess of adenomas and cancer was
on the basis of a dominantly inherited susceptibility,
rather than recessive susceptibility or random occur-
rence.

Numerous systematically selected pedigrees were
then studied to determine the frequency of the pur-
ported susceptibility gene for adenomas and cancer
(75). Pedigrees were selected on the basis of an
individual with an adenomatous polyp or a sibling pair
with colorectal cancer. A total of 670 subjects (407
relatives and 263 spouses) from 34 pedigrees were
examined (including the original large pedigree).
Analysis showed the frequency of adenomas in
first-degree relatives to be consistently double that of
controls. Analysis again showed that the pattern of
occurrence of polyps and cancer in the pedigrees was
consistent with an autosomal dominant susceptibility.
It further suggested that the majority of polyps
detected in the study arose from inherited suscepti-
bility (95% confidence limits, 53-100%). The com-
puted gene frequency in the population examined was
19% (95% confidence limits, 14-28%). The penetrance
of the purported susceptibility gene was 63% by age
80 years. These findings suggested that most of the
adenomatous polyps identified in the population
studied arose from a common, partially penetrant
susceptibility gene or genes.

Genetki-nvironmental Interactions
It is accepted on the basis of epidemiological and
migrational studies that environmental factors play an
important role in the pathogenesis ofcolorectal cancer
(76-78). The population genetic studies reviewed
above indicate that individual susceptibility to com-
mon colonic neoplasms most likely arises from in-
heritance. Environmental factors, especially dietary,
probably interact with the inherited susceptibility to
determine which susceptible individuals express pol-
yps and colon cancer. At the international level, dietary
factors probably determine the overall national rates
of colorectal cancer. Which persons in a given popu-
lation actually get colon polyps and cancer is then
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dependent on individual genetic susceptibility, with
some dietary and/or genetic modulation. Once genetic
markers of common susceptibilities are available,
studies can be initiated to determine the dietary
exposures which will lead to small polyps, large polyps,
and eventually colon cancer in susceptible individuals.

Molecular genetic alterations In colonic polyps
and cancer

Colorectal neoplasms represent a clonal proliferation
of epithelial cells which have overcome normal growth
control mechanisms (79). A single cell appears to
outgrow other cells and forms a small benign aden-
oma. Although the initiating factor in this process is
unknown, adenomas are characterized by a distinct
genetic abnormality, hypomethylation of DNA (80).
This abnormality is important because it may lead to
mitotic nondisjunction, which in turn would result in
the loss or gain of chromosomal material during cell
division (79). Indeed, as adenomas grow and become
more dysplastic and finally malignant, a number of
genetic alterations are observed (81). It is assumed that
some of these genetic alterations are directly or
indirectly related to cell growth control.

The genetic alterations most frequently found in
adenomatous polyps and colonic adenocarcinomas
are deletions of DNA sequences at specific locations
on chromosomes 5, 17, and 18 (81-83). The chromo-
some 5 deletion is at or near the chromosomal location
of the DNA abnormality for familial adenomatous
polyposis. In one study this deletion was found in 29%
of random benign adenomas and in 36% of carcino-
mas (82). The same study identified deletions at a
specific site on chromosome 17 in 6% of benign
adenomas, in 24% of adenomas containing areas of
invasive carcinoma, and in 75% of frank carcinomas.
Deletions at a specific site on chromosome 18 were
found in 11% of benign adenomas, 47% of adenomas
with areas of invasive carinoma, and in 73% of
carcinomas.

Recent studies suggest that these chromosome
deletions affect certain cell growth functions. The
chromosome 5 locus normally appears to regulate
expression of the c-myc oncogene (84). The product
of c-myc is a nuclear binding protein with a possible
regulatory function in DNA replication or transcrip-
tion. When the normal DNA sequence on chromo-
some 5 is mutated, c-myc is deregulated and "over-
expressed." Over-expression of the c-myc oncogene
product has been seen in 60-80% of colonic adenomas
and carcinomas (85,86). The deletions ofchromosome
17 are now known to represent mutations of the gene
for the transformation-associated protein, p53 (87). It
is thought that the normal p53 gene has a tumour-
suppressor function, which is inactivated through

mutation or deletion. The chromosome 17 and 18
deletions also have been positively associated with the
occurrence of distant metastasis (88). Such an associ-
ation was not found with the chromosome 5 deletions
or with ras-gene mutations (see below).

The ras oncogenes also appear to play an import-
ant role in the development and evolution of colonic
neoplasms. Mutations of the ras oncogene have been
found in about 40% of colonic carcinomas and in an
equivalent fraction of adenomas (89, 90). In the study
quoted above, ras-gene mutations were found in 42%
of random benign adenomas, in 57% of adenomas
with areas of invasive carcinoma, and in 47% of
carcinomas (82). Increased levels of the ras-gene prod-
uct have also been observed in adenomas and colon
cancers (91). The ras-gene encodes for a membrane-
bound protein with GTP (guanosine triphosphate)
binding activity. GTP plays a role in the intracellular
signal transduction of signals from cell surface recep-
tors. The details of how this mechanism influences cell
growth control or malignancy, however, have not yet
been defined.

Screening
Persons with genetk risk
Screening guidelines are individualized to the specific
genetic categories discussed. Screening in the aden-
omatous polyposis syndromes is very specific and
based on detailed knowledge of the natural history of
colonic neoplasms (18, 92), and upper gastrointestinal
tract polyps in these conditions (22, 25, 29, 93). The
recently appreciated cancer risks in the inherited
hamartomatous conditions favour surveillance in both
juvenile polyposis (44, 94) and Peutz-Jeghers syn-
drome (39-41). Screening guidelines also have been
suggested in families with HNPCC and studies are
underway to verify these approaches (95, 96).

Screening recommendations have been suggested
for individuals who have relatives affected with
colorectal cancer, but no apparent colon cancer "syn-
drome" in the family. Separate recommendations are
given ifthere is one affected first-degree relative (66-68,
95, 97), or more than one (95, 98, 99). Clinical studies
which address these situations have only recently been
undertaken. It is hoped that genetic markers will soon
be available to more accurately characterize genetic
risk and thereby lead to more precise recommen-
dations.

A detailed family history for colorectal cancer
should always be obtained to properly establish
familial/genetic risk and thereby assign appropriate
screening procedures. In the family history a relative
with an adenomatous polyp probably has the same
significance as a relative with colon cancer. Present
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knowledge suggests the following specific recommen-
dations.

Adenomatous polyposis syndromes:
1. Screening for colonic adenomatous polyposis

should be performed in all individuals at risk for these
conditions (either FAP or GS). It should begin
between the ages of 10 and 12 years, be performed
yearly until age 40, and continue every three years
thereafter. Flexible proctosigmoidoscopy is the pre-
ferred screening procedure.

2. Surveillance for gastric, duodenal and periam-
pullary polyps should begin when the diagnosis of
colonic polyposis is made and continue every one to
three years thereafter. Side-viewing endoscopy is the
screening modality of choice.

Hamartomatous polyposis syndromes:
1. Rectal bleeding or gastrointestinal symptoms

require thorough evaluation in those at risk for
familial juvenile polyposis or Peutz-Jeghers syndrome.

2. Presymptomatic screening in at-risk individ-
uals should begin in the second decade of life, if
symptoms have not occurred by then, and include
annual faecal occult-blood testing and flexible procto-
sigmoidoscopy every three years.

3. Every three to five years endoscopic investiga-
tion of the upper and lower gastrointestinal tract is
indicated once the diagnosis is made, to survey and
remove large, dysplastic or bleeding polyps. Small
bowel X-ray should be done at a similar interval.

4. Periodic physical examination, including breast
palpation should be done in Peutz-Jeghers patients in
view of the reported increased frequency of extraintes-
tinal malignancies.

Hereditary nonpolyposis colorectal cancer:

Individuals at risk for HNPCC should have
annual faecal occult-blood testing and full colono-
scopy every two years beginning at age 25, or begin-
ning at an age five years younger than the age of the
earliest colon cancer diagnosis in the family. Colono-
scopy should be done annually after age 35.

Relatives of persons with colorectal cancer:
1. One first-degree relative affected with colon

cancer: standard screening should begin by 35 to 40
years of age (annual digital rectal examination and
faecal occult-blood test, and proctosigmoidoscopy
every three to five years).

2. Two first-degree relatives affected with colon
cancer: annual faecal occult-blood test and colono-
scopy every three to five years beginning by age 35
to 40 years, or at an age five years younger than the

age of the earliest colon cancer in relatives, whichever
comes first.

3. Three or more first-degree relatives affected
with colon cancer but not polyposis coli: HNPCC
should be the presumed diagnosis until screening, as
outlined for HNPCC, proves otherwise.

4. First-degree relative of an individual with
colon cancer diagnosed at an age younger than 30
years: inherited syndromes (one of the polyposes or
HNPCC) should be suspected.

Research Initiatives
The following areas of research should be pursued in
the investigation of the genetics of colorectal cancer:

(1) The precise locus of the FAP gene should be
identified through fine mapping studies. The FAP gene
should be sequenced, and its product characterized.

(2) The HNPCC gene should be mapped,
sequenced and characterized.

(3) Genetic epidemiological studies of "random"
colorectal cancers should be carried out in additional
populations. The purported gene or genes should be
mapped and sequenced to identify the gene products
and useful clinical markers.

(4) The acquired DNA deletions in adenoma and
cancer tissues should be sequenced with the goal of
defining cell growth control, cancer biology, cancer
markers, and strategies of intervention.

(5) Studies are needed to determine the optimal
screening strategies for all categories of inherited
susceptibility to colon polyps and cancers.

(6) Genetic-environmental interactions should
be investigated in view of the known dietary and
genetic influences of colonic polyp and cancer growth.

(7) Morbidity, mortality and cost-benefit data
should be compiled from screening efforts, to assess the
health benefit and to encourage third-party support of
the suggested screening protocols.

Resume
Evaluation des risques et surveillance des
individus ayant des predispositions heredi-
taires au cancer colorectal
L'heredite est un element important a prendre en
compte lors de l'evaluation des risques de cancer
colorectal. Les connaissances actuelles concernant
les facteurs hereditaires et genetiques associes au
cancer du colon peuvent se subdiviser en trois
categories: syndromes hereditaires, epid6miologie
genetique et genetique moleculaire.

Un certain nombre de syndromes hereditaires
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bien dMfinis peuvent evoluer vers un cancer colo-
rectal. La polypose adenomateuse familiale et le
syndrome de Gardner sont des maladies rares a
transmission autosomique dominante, caracte-
risees par la presence de centaines ou de milliers
de polypes ad6nomateux sur les parois du colon.
Dans les deux cas, si la colectomie n'est pas
pratiquee, un cancer du colon se developpe alors
que le malade est encore jeune. Le risque de cancer
du colon est accru de fa,on moins spectaculaire,
mais significative, dans deux formes de polypose
hamartomateuse hereditaire, le syndrome de
Peutz-Jeghers et la polypose juvenile familiale. Au
total, ces quatre polyposes sont responsables de
moins de 1% des cas de cancer du colon. Le cancer
colorectal non polypoide hereditaire est une forme
de cancer du colon a transmission hereditaire
dominante caracterisee par une survenue precoce
et une predilection pour la partie proximale du
colon. On observe frequemment des tumeurs ma-
lignes primitives multiples et les individus atteints
presentent souvent un ou plusieurs polypes
adenomateux; ce syndrome est associe A 4 a 6%
des cancers du colon.

Les etudes d'epidemiologie genetique ont
montre de fa,on constante que le risque de cancer
du colon est multiplie par deux ou trois chez les
parents au premier degre des personnes qui en
sont atteintes. Des etudes plus recentes ont revele
un risque analogue chez les parents des sujets
presentant des polypes adenomateux. Des etudes
portant sur la frequence du cancer du colon et des
polypes adenomateux dans la genealogie des
malades ont revele en outre que ce caractere
familial s'explique sans doute par une sensibilite a
caractere her6ditaire partiellement penetrant.
L'apparition de polypes et leur degenerescence
cancereuse sont probablement le resultat d'une
interaction entre cette sensibilite h6r6ditaire et les
facteurs environnementaux.

Grace A la genetique moleculaire, on com-
mence A comprendre les mecanismes genetiques
du cancer du colon au niveau de I'ADN. La mutation
germinale du gene responsable de la polypose
adenomateuse familiale et du syndrome de Gardner
a 'te localisee sur le bras le plus long du chromo-
some 5. Des prelevements tissulaires effectues sur
des polypes adenomateux et des cancers du colon
"isoles" ont permis de decouvrir des deletions de
sequences d'ADN specifiques sur les chromosomes
5, 17 et 18. On a egalement observe des mutations
et une surexpression de l'oncogene ras sur ces
prelevements. La localisation de l'alteration du
chromosome 5 observee sur les polypes et les
tissus cancereux est probablement la meAme que

celle de la mutation germinale du gene de la
polypose adenomateuse familiale. II semble que ce
locus regisse normalement 1'expression de l'on-
cogene c-myc, qui a lui-m6me une fonction regula-
trice dans la r'eplication de I'ADN. La deletion
observee sur le chromosome 17 est une mutation
du gene codant pour la proteine p53 associee a la
transformation.

Un depistage approprie et relativement pr6-
coce est indispensable pour prevenir le cancer chez
les malades atteints de l'un des syndromes her6di-
taires mentionnes ci-dessus. Le depistage est
egalement indique chez les proches parents des
personnes atteintes d'une forme courante de cancer
du colon sans rapport avec ces syndromes etant
donne que le risque de cancer du colon dans ce
groupe est leg6rement augmente. Le present article
donne des indications sur les modalit6s de
depistage pour chaque categorie de patients. On
peut esperer que les recherches qui se poursuivent
dans le domaine de la genetique moleculaire con-
tribueront a mieux definir les mecanismes du can-
cer du colon au niveau de I'ADN. Les connaissances
ainsi acquises permettront aussi d'identifier de
fa9on plus precise les personnes presentant un
risque genetique et guideront les strategies de
prevention et d'intervention.
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