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Families at risk of colorectal cancer: who are they?

F Kee, B J Collins

Abstract
The first degree kinships of 305 index cases

have been studied to determine whether an

early age of onset or a particular site distribu-
tion characterises familial aggregations of
colorectal cancer. The probands comprised
100 patients aged 55-74 years and 205 patients
under 55 years at diagnosis and were drawn
from a large population database. Ascertain-
ment and verification were complete for 2566
of 2657 first degree relatives. The history of
cancer in 296 relatives was validated in 96% of
cases from medical or other records. Among
kinships ascertained through index cases under
55 years of age, less than 5% had three or more

individuals affected by colorectal cancer. The
comparable proportion of older probands'
families was 3%. Probands with proximal
disease were no more likely to have a positive
family history of bowel cancer than those with
disease distal to the splenic flexure. These
findings are consistent with other population
based studies of the epidemiology of familial
colorectal cancer but contrast with reviews
from referral centres and family cancer clinics.
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Hereditary non-polyposis colorectal cancer

(Lynch syndrome) is an apparently autosomal
dominant condition characterised by an early age
of onset (typically 40-45 years), an excess of
proximal tumours and of metachronous disease,
and a risk of other malignancies within the
pedigree.' Although more common than familial
polyposis coli, its prevalence and characteristic
features have only rarely been described in
population based studies.2

If multiply affected families are to be recruited
for genetic linkage studies or in the evaluation of
surveillance programmes for those at highest
risk, then ideally these patients should be repre-

sentative ofthe general population ofsusceptibles
in the community. Subjects referred to specialist
family cancer clinics either because of an early
age of onset or a noted familial risk may not
reflect the characteristics of the majority of those
in the community carrying an inherited suscepti-
bility.6

Recently, we estimated the contribution of
Lynch syndrome to the total colorectal cancer

burden to be between 1 and 2%,' a prevalence
somewhat less than estimated elsewhere." The
higher mean age of onset and the absence of a

proximal tumour excess gives pause to consider
the important differences that can be found
between population based studies and those
from tertiary referral centres.6 7
We may have underestimated the prevalence

of 'cancer families' by restricting family verifica-
tion to the relatives of probands who were under
55 years of age at diagnosis. Since patients over

this age represent most of those seen in general

surgical practice, the present study was under-
taken to assess the frequency of 'familial'
colorectal cancer among the relatives of older
probands, to describe the typical age at onset and
tumour site distribution, and to compare the
findings with those for families of younger
probands from the same population.

Methods
On 1 January 1990, a province wide colorectal
cancer register was established at the Queen's
University Department of Surgery with the
support of all the general surgeons in Northern
Ireland. From this source, information was
available all newly diagnosed patients with
bowaI cancer reported from any of the five
histopathology laboratories or 19 acute hospitals
serving the province's 1 5 million population.
A consecutive sample of 100 patients aged 55-

74 years was drawn from the register and within a
few months of discharge from hospital each
patient was interviewed (with the general practi-
tioner's permission) in his or her own home.
From this initial interview, details of the names,
addresses, dates of birth and death, and known
major illnesses were recorded for all first degree
relatives.
A letter was sent to the GPs of all relatives

living inside Northern Ireland and confirmation
was sought ofany bowel disease or malignancy in
their patient. If any relative was living outside
Northern Ireland they were contacted directly
and asked to provide similar details and the
names of their general practitioners.

Death certificates were retrieved for deceased
relatives. If any relative was reported to have had
cancer, this was verified secondarily from
hospital notes, histology records, or from cancer
registration details.
For comparison, similar details were obtained

on the families of 205 colorectal cancer probands
under 55 years old, this latter sample represent-
ing 95% of all colorectal cancer patients under 55
years of age at the time of their histological
diagnosis during 1976-8.
The Xy statistic for contingency tables and for

testing for linear trend has been calculated by
usual methods.'

Results
The 100 consecutively recruited probands were
similar in age and tumour site distribution to all
the 55-74 year old patients who were registered
with the colorectal cancer register during 1990
(Table I). There was some over-representation in
the recruited probands of cases in the two older
age groups (65-69 years and 70-74 years) but the
test for trend was not significant. A similar
proportion of these older probands had tumours
proximal to the splenic flexure as in the com-

787



Kee, Collins

TABLE I Age* and sitet distribution of55-74year old index
cases

Age group (yrs)

55-59 60-64 65-69 70-74 Total

Interviewed probands 14 24 37 25 100
Probands not recruited 27 38 36 57 158
Total 41 62 73 82 258

Site oftumour

Proximal Distal
colon colon Rectum Total

Interviewed probands 37 27 35 100
Probands not recruited 72 42 45 158
Total 109 69 45 258

*Test for trend, X2=0126, df=3, p=0-72.
tX2= 1 9, df=2, p=0-39.

parison group ofyounger patients under 55 years
old.

Altogether 846 first degree relatives were

reported by the 100 55-74 year old probands.
The cause ofdeath was verified for 272 of the 296
deceased relatives, and the clinical status of
living relatives was established for 525 out of
550. The overall verification rate (94%) was

comparable with that reported for the 1811
relatives of the 205 younger probands 98%.5
Some 86 relatives of the older probands and

210 relatives of the younger probands were
reported to have had cancer and this history was
verified in 96%.

Deaths from cancer in first degree relatives (of
the older probands) tended to be more accurately
reported by index cases than deaths from non-

cancer causes, though this difference was not
significant. The site of their relative's cancer

(that is, the principle organ) was identified
correctly by the index case in only 57% of cases.
These proportions are very similar to those
previously reported for the relatives of the 205
younger probands.5
Twenty four relatives of the older probands

and 68 relatives of the younger probands had
colorectal cancer. Three of the older probands
had two or more first degree relatives affected by
bowel cancer as compared with 13 ofthe younger
probands. In previous reports these families
have been taken to represent probable Lynch
syndrome pedigrees.

According to the site of the proband's original
tumour (that is, either proximal or distal to the
splenic flexure) there was no difference in the
proportion ofcases with a verified positive family
history of colorectal cancer in any first degree
relative (Table II).

TABLE II Proportions ofyoung* and oldt probands with a
positivefamily

Family Family
history history
+ve -ve Total

Probands aged less than 55 years:
Index cases with proximal tumour 15 30 45
Index cases with distal tumours 38 122 160
Total 53 152 205

Probands aged 55-74 years:
Index cases with proximal tumour 10 27 37
Index cases with distal tumours 11 52 63
Total 21 79 100

*X!= 1.22, df= 1, p=0-27.
tX'=0.77, df= 1, p=0.38.

TABLE III Site distribution ofbowel tumours infirst degree
relatives

Proximal Distal Colon
colon colon Rectum unspecified Total

Relatives of 17 18 14 19 68
young probands

Relatives of 4 6 6 8 24
old probands

Total 21 24 20 27 92

X2=0-89, df=3, p=0-83.

The site distribution of bowel tumours in
relatives of old and young probands is given in
Table III. No significant difference is apparent
(X2=0-89) df= 1, p=0 82).

Discussion
Over the past 20 years, Lynch has documented
numerous meticulously verified families that
exhibit an autosomal dominant tendency to early
onset colorectal cancer, an excess of proximal
tumours and of metachronous disease, and a
high risk of other malignancies in the pedigree. '
These classic features have been well described
in families from other countries,9 and in studying
them there is undoubtedly much to learn about
the origins of susceptibility to colorectal cancer.
Screening these families would probably have
only a modest impact on the population's
mortality from colorectal cancer, and though the
benefits to the families might be greater, a
thorough evaluation of such a policy is still
awaited.

It is important, nonetheless, that these families
are readily and correctly identified in normal
surgical practice if a scarce resource like colonos-
copy is to be targeted to those most likely to
benefit. Recognising the importance of estimat-
ing the contribution of Lynch syndrome to the
overall colorectal cancer burden, Mecklin prag-
matically defined affected families if there were
three or more kin with colorectal cancer in a first
degree kinship. He was not convinced that there
were sufficient grounds to subdivide the syn-
drome.2 Despite the potential for environmen-
tally determined penetrance, and differing com-
peting risks and family sizes in different com-
munities, he did not consider that its frequency
would vary between countries.

Until a valid biomarker for susceptibility is
available, the surgeon can only delineate those
most at risk by relying on clinical pointers such
as the age at onset, the site of the tumour, and the
index case's family history. Proximal colonic
neoplasms have not invariably been associated
with significant familial aggregation6'0 and the
evidence for an association with early age at onset
is similarly diverse.3" Data accrued at tertiary
referral centres may be less applicable to the
work of the average surgeon and can be distorted
by ascertainment bias. This is often treated
superficially. A recent study recruited probands
because they had been referred to a family cancer
clinic by either their general practitioner or their
relatives but still declared that the analysis was
'designed to estimate the risks of cancer among
first degree relatives in order to warn surgeons of
the need to institute screening programmes for
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first degree relatives of young patients with
breast and colon cancer.7
Northern Ireland provides fertile soil for

population based studies of familial cancer.
Mortality from colon cancer is high; families
tend to be larger and more cohesive than in the
rest of the United Kingdom; and demo-
graphically the population is much more homo-
geneous.` The present study has attempted to
describe whether distinctive features characterise
familial aggregations of colorectal cancer ascer-
tained without regard to family history from a
large population database.
Our study could be criticised in that the

sampling ofindex cases aged 55-74 years was not
strictly random. Instead, a consecutive sample of
100 patients was interviewed after discharge
from hospital, providing permission was given
by the general practitioner. Of the 20 patients
not consecutively recruited, 19 were terminally
ill and died shortly after discharge from hospital.
However, we have not previously found any
association between survival and 'familiality,'
and the non-participation ofthese subjects should
not bias our conclusions.'3 The age at diagnosis
and bowel site distribution of interviewed
patients were comparable with those of all cases
that were finally registered by year end, and we
have no reason to believe that the sample was
unrepresentative. (In no case where permission
was refused did the clinical records of these
patients indicate any familial risk). The com-
parison group of young probands was retrospec-
tively drawn and represented 95% of all such
index cases diagnosed during 1976-8. Although
the age distributions ofthe two groups ofrelatives
are not identical, drawing a retrospective example
allowed a significant proportion of the first
degree relatives to have reached the reported age
of greatest risk.

In only 57% of cases was the organ affected by
cancer correctly identified by a first degree
relative and studies that indicate that the history
was verified only 'where possible' should be
interpreted cautiously.

Patients aged between 55 and 74 years are
nearly three times more common than those
under 55 at diagnosis and represented 53% of all
patients registered during 1990. If 3% of these
index cases have significant familial aggregations
of colorectal cancer (fulfilling Mecklin's prag-
matic definition ofLynch syndrome), then based
on the contribution that these probands make to
the overall tumour burden, it is probable that
these families are at least as numerous in the
community as those ascertained through early
onset cases. Although the average age at onset in
relatives of older probands was significantly
greater than among the relatives of the younger
cases, no study conducted at a single point in
time can realistically assess a family's lifetime
cancer risk. Nevertheless, our results are in
keeping with those from two other large popula-
tion based studies, each with a sample size of
over 1500 index cases.6
A characteristic age at onset among individuals

carrying a supposed inherited susceptibility is
not reliably estimated from the mean of affected
individuals in a family, though this is how it has
more usually been described. Variable lead time
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from ascertainment bias and the inability to
distinguish between sporadic and genetic cases
probably contributes to the heterogeneity in the
observed age at onset distributions in 'cancer
families.' More valid estimations have recently
been made using life table methods.'4 Likewise,
any pragmatic syndrome definition based on case
'counts' can be subject to similar sorts of
criticism.

In this study probands with proximal tumours
were no more likely to have a verified positive
family history of colorectal cancer than those
with disease distal to the splenic flexure, and the
site distribution of bowel cancers in the relatives
of young probands did not significantly differ
from the distribution among relatives of older
index cases. These findings run counter to the
suggestion that young patients and those with
proximal tumours are more likely to come from
high risk pedigrees."'
An alternative interpretation might be that our

study lacks statistical power to detect a true
difference in the 'positive family history rate' of
older and younger probands. However, this is
one of the largest studies of its kind reported in
the United Kingdom and the findings are consis-
tent with several larger population based
studies.6 10
Most ofthe affected relatives for whom the site

within the colon was unspecified were validated
from death certificates. For this to have seriously
biased our comparison, one would have to con-
clude that the underspecification of tumour site
on death certificates was differentially related to
the presence of familial aggregation of cancer
among young or older relatives. On the contrary,
from necropsy studies there is evidence that
proximal tumours in older patients are more
likely than distal cancers to be underdiagnosed
before death. 16
Our study could also be criticised for not

evaluating any potential association between
proximal or early onset colorectal cancer and the
risk of other types of cancer in the kinship. It is
indeed possible that some families at high risk of
bowel cancer might be ascertained through the
aggregation of other malignancies with the
pedigree.7 While the concurrence of multiple
types of tumours has been clearly described by
Lynch, the potential for genetic heterogeneity
will make the formulation of rational screening
strategies difficult. Although the need for a
biomarker is self evident, appraising the per-
formance ofa 'marker' (its sensitivity, specificity,
and predictive power) will be difficult without a
focus on a unitary syndrome.'7

Screening recommendations must be guarded
until the underlying genetic mechanisms are
clarified. For instance, by calculating a crude
segregation ratio using 'affected by any cancer' as
the numerator, one recent study found that the
value approximated that expected for an auto-
somal dominant trait and thus supported the
authors' contention that a group of true 'cancer
families' had been ascertained.3 This, despite the
fact that in Lynch's largest formal segregation
analysis (of 11 families and 2762 individuals)
there was significant departure from all Men-
delian and environmental hypotheses when
cancers at all sites were considered to be pleio-
tropic effects of the same gene. `



790 Kee, Collins

Though not proved, there is every likelihood
that a number of high risk families with the
classic features ofLynch syndrome might benefit
from regular colonoscopic surveillance. How-
ever, many districts in the UK can barely
support a full diagnostic colonoscopy service9
and it is important that surgeons can identify
those most at risk. This study had demonstrated
that: (i) familial aggregation of colorectal cancer
may be as frequent in the community among
patients aged 55-74 years as among those under
this age and (ii) a proximal site predilection is not
characteristic of most such family clusters.
Identifying the high risk pedigrees (that are
likely to benefit most from screening) is vital, but
there remains much to be learned about the
natural history of bowel cancer in these families.
It might be salutary to conclude by echoing
Lynch's own cautionary note:
'Needless to say it is difficult to be certain
whether a homogeneous entity is being studied
and difficult to determine what proportion of the
study subjects at risk for hereditary non-poly-
posis colorectal cancer have a common familial or
genetic susceptibility to adenoma formation un-
related to NHPCC. The interpretation of our
results ... in patients with HNPCC was limited
by an inability to obtain tissue from patients who
were definitely affected by the disease.'20
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