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Abstract
The age at onset ofnon-polyposis colorec-
tal cancer (CRC) was investigated in 49
families with at least three relatives
affected in two successive generations.
Forty one of these families satisfy the
accepted minimum criteria for hereditary
non-polyposis CRC. The remaining eight
families were distinguished by a late age of
disease onset and, hence, could not be
included in the group. The condition in
these latter families has been designated
provisionally, as late onset familial
CRC. The hereditary non-polyposis CRC
families include 194 patients, 110 men and
84 women (mean age at diagnosis: 44
years; range: 16-74 years). Ninety two per
cent ofthe patients were diagnosed by age
60. Colorectal cancer was diagnosed at
progressively earlier ages in successive
generations (p<0.0005). The late onset
CRC families comprised 30 patients, 20
men and 10 women (mean age at diag-
nosis: 62 years; range: 51-77 years). Fifty
eight per cent of the CRCs in the patients
belonging to the hereditary non-polyposis
CRC families were located in the right
colon compared with 13% in the late onset
familial CRC group (p<0.00l). Multiple
CRCs were found in 23% of the cases in
the former but in only 3% in the latter
families (p<0.05). Adenomas associated
with CRC were reported in 14.5% of the
cases in the hereditary non-polyposis
CRC families and in 30% of the cases
in the late onset familial CRC group
(p=NS). Extracolonic cancers, frequently
encountered in hereditary non-polyposis
CRC, were not found in the late onset
CRC families. These findings indicate
that there is a distinct clinical entity of
non-polyposis CRC in which colorectal
cancer develops at a more advanced
age than in hereditary non-polyposis
CRC. Future molecular genetic studies
should confirm this hypothesis. In the
meantime, recognition of these late onset
familial CRC families, which wili rest on
clinical observations, is important
because of the implications for the
screening protocol.
(Gut 1994; 35: 1262-1266)

Various investigators have estimated that the
incidence ofhereditary colorectal cancer (CRC)
in different populations ranges between 1% and
13% of all cases of CRC.14 Thus far, two

main groups of inherited predisposition to CRC
have been recognised: (1) familial adenomatous
polyposis, characterised by the development of
hundreds of adenomas in the colorectum and
(2) hereditary non-polyposis CRC. Besides
these well-characterised syndromes, instances
of familial aggregates of CRC have been
reported, that have sometimes been thought to
be due to multifactorial inheritance.5 6
However, hereditary non-polyposis CRC is the
most frequent hereditary CRC syndrome. It is
characterised by an early age of onset, a
predominance of cancer in the right colon, the
frequent occurrence of multiple primary
tumours, and an increased risk of extracolonic
cancers.7-9 The aim of the present study was to
investigate the variation of the age of onset of
CRC in familial CRC.

Patients and methods
In 1985 the Foundation for the Detection of
Hereditary Tumours was established in The
Netherlands. This foundation set up a registry
of families with hereditary cancer to promote
screening in these families and to guarantee
continuity of the screening programme. The
families under study were referred to the
foundation from all parts of The Netherlands
because they were suspected of having an
inherited form of colonic cancer. The
genealogical studies were performed by the
genetic field workers attached to the founda-
tion in close cooperation with clinical and
genetic centres. The pedigrees were traced
backwards and laterally as far as possible. For
each of the affected people, information was
collected about the type of cancer, the age at
diagnosis, the location of the tumours in the
colon, the presence of adenomatous polyps,
and the histological findings. By 31 December
1992 the registry had collected data from 49
families with clustering of CRC but without
familial adenomatous polyposis. The mini-
mum criteria for the diagnosis hereditary non-
polyposis CRC included:

(1) At least three relatives should have
histologically verified colorectal adenocarci-
noma, one of them should be a first degree
relative of the other two, and familial adeno-
matous polyposis should be excluded.

(2) At least two successive generations
should be affected.

(3) In one relative CRC should have been
diagnosed before age 50 ('the Amsterdam
criteria'). 10
The results were analysed with the standard

procedures.
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Figure 1: Family with late onsetfamilial colorectal cancer.

Results
Each of the 49 families with a total of 224
patients, had at least three relatives with CRC
of whom one was a first degree relative of the
other two in at least two successive genera-
tions. None had polyposis. Forty one of the 49
families met the criteria for hereditary non-
polyposis CRC. The remaining eight families
had at least three first degree relatives with
CRC, of whom one was a first degree relative
of the other two in two successive generations,
but all cases were diagnosed after the age of 50.
In three of these eight families the case in the
first generation was based on family history
alone. We designated these families provision-
ally as late onset familial CRC: one such family
is depicted in Figure 1.
The 41 hereditary non-polyposis CRC

families include 194 patients (110 men and 84
women) with CRC verified by pathology or
review of the medical reports. The mean age at
diagnosis of colon cancer was 44 years (range:
16-74 years). The age related cumulative
incidence of symptomatic CRC in hereditary
non-polyposis CRC is shown in Figure 2. It
indicates that 1% of the cases of CRC in these
families was diagnosed before the age of 20
years and 92% had been diagnosed by age 60.
A comparison of the mean age of the youngest
symptomatic cases of CRC (that is, cases
detected by screening are excluded) for each
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Figure 2: Cumulative relative incidence ofsymptomatic
colorectal cancer (CRC) in 41 hereditary non-polyposis
CRCfamilies at various ages.

generation showed a significant decrease in
successive generations (p<0 0005) (Table I).
Among the 194 patients with CRC from the 41
hereditary non-polyposis CRC families, we
observed five in whom CRC manifested itself
earlier than it had in their parents. In all, three
cases of non-penetrance were observed, two of
them in a single family (Fig 3).
The late onset familial CRC group comprise

30 patients (20 men and 10 women) with CRC
verified by pathology or by review of the
medical reports. The mean age at diagnosis of
CRC in these patients was 62 years (range:
51-77 years). The mean ages of the youngest
symptomatic cases of CRC in the first and
second generation in the late onset families
were 59 years (range: 51-74) and 57 years
(range: 53-65) respectively.
With regard to the location of the tumours in

the colon, 58% of the cancers of which the
location was known in the hereditary non-
polyposis CRC families were in the right colon
compared with 13% of those in the late onset
families (p<0 001) (Table II). Multiple
colorectal cancers (synchronous or metachro-
nous) were found in 23% of the cases in the
hereditary non-polyposis CRC families versus
3% of those in the late onset CRC families
(p<005). Adenomas were associated with
colon cancer in 14/5% of the cases in the
hereditary non-polyposis CRC families and in
30% of those in the late onset CRC families
(p=006) (Table II). Twenty seven (66%) of
the 41 hereditary non-polyposis CRC families
had one or more extracolonic cancers which
have been reported to be associated with this
type of CRC (that is, cancer of the
endometrium, stomach, urinary tract, small
bowel and ovary)." Sixty seven cases of these
cancers were observed in the 27 hereditary
non-polyposis CRC families. Eighty per cent
of these cancers were verified by pathology or
review of the medical reports. In none of the
late onset CRC families was an extracolonic
cancer associated with hereditary non-
polyposis CRC found. The spectrum of the
extracolonic cancers in both types of family is
shown in Table III.

Discussion
Several studies have shown that periodic
examination of the at risk members of families
with a genetic predisposition to CRC facilitates
early detection of adenomatous polyps as well
as CRC.9 12 13 The surveillance protocol gener-
ally recommended includes colonoscopy or
sigmoidoscopy in combination with barium
enema every two to three years.'4 Information
on the variation of the age of onset of CRC in

TABLE I Age at diagnosis ofsymptomatic colorectal cancer
(CRC) in the youngest case of hereditary non-polyposis
CRC in each of the three generations of34 families

No of Mean age at Range
Generation patients diagnosis (y) (y)

1 34 44.5* 16-73
2 34 31.5* 19-57
3 6 27-5 27-38

*Paired t test, p<0-0005.

1 263

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.35.9.1262 on 1 S

eptem
ber 1994. D

ow
nloaded from

 

http://gut.bmj.com/


Vasen, Taal, Griffioen, Nagengast, Cats, Menko, Oskam, Kleibeuker, Offerhaus, Khan

C

E

Ce

Pa
p

Cancer of colorectum
Cancer of endometrium

Cancer of cervix

Cancer of pancreas

Adenomatous polyp

Figure 3: Hereditary non-polyposis colorectal cancerfamily with two cases of apparent non-penetrance.

a large series of these families is important
because it offers a basis for recommendations
on the age limits of screening. Analysis of the
age of onset of CRC in 41 well characterised
hereditary non-polyposis CRC families
showed that 1% of the symptomatic cases (that
is, not including those detected by screening)
of CRC in the hereditary non-polyposis CRC
families had been diagnosed before the age of
20 years and 5% before 25 years. On the basis
of these results it seems appropriate to initiate
surveillance between the ages of 20 and 25
years. In 92% of the patients the diagnosis has
been made by age 60 (Fig 1). This means that
a 60 year old, asymptomatic first degree
relative still has roughly a 7% risk of being a

gene carrier.
The present findings show that the age of

onset of CRC decreases progressively in
successive generations. This phenomenon had
already been reported in the first description of
hereditary non-polyposis CRC published by

TABLE Ii Location of the tumours in the colon, occurrence

of multiple primary tumours, and adenomas associated with
colorectal cancer (CRC) for hereditary non-polyposis CRC
families and families with late onsetfamilial CRC

Hereditary
non-polyposis Late onset
CRCfamilies CRC families

No of families 41 8
No of patients with CRC 194 30
Location in the:

Right colon 96 (58%) 4 (13%/o)*
Left colon 68 26
Unknown 30 0

Multiple colorectal tumours 44 (23%) 1 (3%)t
Adenomas 28 (14/5%) 9 (30%)/

*X2 test, p<0-00l; tX2 test, p<0-.05; *x2 test, p= 0-06.

Warthin in 1925,15 and has also been observed
in other autosomal dominant disorders.16 17
The cause of the earlier appearance in succes-
sive generations is unknown. The introduction
of screening procedures can be excluded as a
reason because in our estimations we included
only those cases that had been diagnosed
because of signs or symptoms. Diet and other
environmental factors are considered to be
responsible for the increasing incidence of
colorectal cancer in western countries. The
same factors may play a role in the expression
of colorectal cancer at earlier ages in successive
generations in hereditary non-polyposis CRC
families and a shift from stomach cancer to
colorectal cancer, which is often observed in
these families. 18 The possibility that our

findings are due to ascertainment bias cannot
be excluded. Hence, a prospective study of a

large group of families is needed to overcome
selection bias and to verify our findings.
Theoretically, it is possible that as a conse-

quence of the earlier manifestation in succes-
sive generations, CRC may become manifest

TABLE in Distribution of extracolonic tumours in members
of hereditary non-polyposis and late onset familial colorectal
cancer (CRC) families

Hereditary
non-polyposis Late onset

Location CRCfamilies (41) CRCfamilies (8)

Endometrium 33 0
Stomach 17 0
Urinary tract 9 0
Lung 9 4
Breast 7 1

Ovary 5 0

Brain 5 0
Other sites 32 1

D 0 Male or female unaffected
* 0 Cancer verified by pathology
W11 I Cancer reported by family history
, 0 Deceased
C54 Age at diagnosis

t57 Age at death
*15-9-1907 Date of birth
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in second degree relatives earlier than in first
degree relatives of affected patients. This
would have important implications with regard
to the decision as to whether the second degree
relatives should also be included in the follow
up.'9 However, in the 41 hereditary non-poly-
posis CRC families under study we observed
only five people in whom CRC became
manifest before it did in the parents. Had these
first degree relatives been under surveillance,
their cancer would have been diagnosed
several years earlier and probably at an earlier
time than in the second degree relatives. Also,
the frequency of non-penetrance in hereditary
non-polyposis CRC families should be
considered in deciding which of the family
members should be screened. Because of the
high penetrance of hereditary non-polyposis
CRC20 and the low number of cases with non-
penetrance in our families, we recommend that
the periodic examination be restricted to the
first degree relatives of patients with CRC or
associated extracolonic cancers.
Another possible consequence of a progres-

sively earlier appearance of CRC in successive
generations may be that in the future more
family members may manifest their cancer
before the age of 20 years. If an increase in the
number of such cases is observed, the lower
limit of screening should be adjusted
accordingly.
The safe interval between examinations is

determined by the course of adenoma-
carcinoma formation in hereditary non-poly-
posis CRC which, however, is not known with
certainty. Recently, a pilot study on colorectal
cancer surveillance was performed by the
International Collaborative Group on heredi-
tary non-polyposis CRC.14 Data were
collected on 165 affected families from
Denmark, Finland, Italy, Japan, The
Netherlands, Switzerland, and the USA. The
recommended interval between consecutive
examinations varied among the centres from
one to three years. Follow up of 682 high risk
individuals for one to 10 years yielded six
'interval cancers' present at the next screening
examination. The actual interval for these
patients was three years in five cases and five
years in one. This low number of cases with
'interval cancers' suggests that an interval of
two to three years is adequate. Because the risk
of developing CRC in high risk family
members after the age of 60 is reduced to
approximately 7%, endoscopic examination
may be performed at a lower frequency, for
example, once every three to five years.

In this study we found that endometrial and
stomach cancer were the most common extra-
colonic cancers. The lifetime risk for female
members of a hereditary non-polyposis CRC
family of developing endometrial cancer has
been calculated to be as high as 20%.21 This
high risk may justify screening of these families
for endometrial cancer. The recommended
screening procedures include pelvic exami-
nation, transvaginal ultrasonography, and, in
women with a positive result on screening,
vacuum aspiration curettage. However, it
should be realised that the value of screening

for endometrial cancer is still unknown.
Because cases of stomach cancer were only
seen in the earlier generations, we do not
recommend screening for these tumours.
The Dutch registry includes eight other

families in which colorectal cancer developed
at an advanced age. These late onset familial
CRC families are characterised by a pre-
ponderance of distal tumours, a low incidence
of multiple primary colon cancers, and a high
incidence of adenomas associated with CRC.
The difference in incidence of adenomas
between patients from hereditary non-
polyposis and late onset familial CRC families
may be due to the fact that the latter were older
at diagnosis. It was also found that the cancers
frequently encountered in the former group,
such as endometrial cancer and cancer of the
stomach, did not occur in the latter families.
Because the clinical features of these families
resemble those of sporadic CRC, one might
envisage that the late onset CRC families
simply represent familial clustering of CRC by
chance or as a result of shared environmental
influences. Although the number of late onset
CRC families is small, the patterns of distribu-
tion of patients in these families indicate that a
separate genetic entity cannot be ruled out.
Until genetic markers mapping close to or
within the genes determining the above condi-
tions are identified, the diagnosis of hereditary
non-polyposis and late onset familial CRC will
rest on clinical observations and the applica-
tion of descriptive criteria. The observed
distinction between the clinical phenotype in
the different family groups shows the useful-
ness of the age criterium as one of the
Amsterdam criteria in clinical practice.
However, it should be realised that by chance
or by initial ascertainment methods relatives
from late onset group CRC may have a later
age of onset than the mean age of about
44 years for the hereditary non-polyposis CRC
families. The age of onset of newly ascertained
cases in such families may decrease over time,
and as a consequence some of the families
originally classified as late onset may fulfil
the Amsterdam criteria for hereditary non-
polyposis disease. Our screening protocol for
the late onset families includes colonoscopy,
because 14% of the cancers observed in these
families were found in the proximal part of the
colon. The recommended interval between
consecutive examinations is three to five years.
Because a progressive decrease of the age of
onset of CRC in successive generations was
not observed in the late onset families we
recommend that screening be started at the
age of about 45 years, or five years before
the earliest diagnosis of CRC in the family
in question. Because of the absence of the
extracolonic cancers associated with hereditary
non-polyposis CRC we do not advise screening
for these tumours.

Linkage studies in two large hereditary non-
polyposis CRC families by the groups of de la
Chapelle, Mecklin, and Vogelstein have
provided the first evidence for the localisation
of a colorectal cancer gene on chromosome
2q.22 These findings, once confirmed, will
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have important implications for at least a
subset of families: in the linked families screen-
ing can be focused on high risk individuals and
the family members at low risk can be less
rigourlesly followed until the gene concerned
has been isolated.

After this manuscript was submitted two genes that pre-
dispose to colorectal cancer, h MSH-2 and h MHL-1,
have been cloned.
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