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Genetic implications of double primary cancers of
the colorectum and endometrium

Tuya Pal, Tamar Flanders, Margot Mitchell-Lehman, Andree MacMillan,
Jean-Sebastien Brunet, Steven A Narod, William D Foulkes

Abstract
Hereditary non-polyposis colorectal can-
cer (HNPCC) is an autosomal dominant
condition predisposing to cancers of the
colorectum and endometrium. Endome-
trial cancer is the most commonly occur-
ring extracolonic cancer in HNPCC.
Estimates of the cumulative incidence of
endometrial cancer in women with muta-
tions in the HNPCC genes range from
22-43%.

In order to determine how frequently
double primary cancers of the colorectum
and endometrium are the result of a
hereditary factor, we conducted a registry
based study in Ontario and Quebec,
Canada. We obtained pedigrees on 80
women diagnosed with double primary
cancers of the colorectum and en-
dometrium at less than 70 years of age.
Family histories of cancer were obtained
for all first degree relatives of these
women and cancer rates were compared
with age standardised provincial inci-
dence rates in order to estimate the
relative risks. There was a total of 82 can-
cers observed in relatives below the age of
55, compared with 31.2 expected, giving a
relative risk of 2.6 (95% confidence inter-
val (CI) 2.1-3.3). The relative risk for
colorectal cancer below 55 was 16.1 (95%
CI 11.6-21.8). This risk decreased with
increasing age of onset of cancers in
probands. For probands with both color-
ectal and endometrial cancer diagnosed
under the age of 55, the relative risk of
colorectal cancer in relatives below the
age of 55 was 30.5 (95% CI 18.8-46.6).
Similar patterns were observed for en-
dometrial and pancreatic cancer. There
were non-significant increases in rates of
cancer of the oesophagus, stomach, small
intestine, and bladder. There was no
increased risk ofbreast cancer. The risk of
lung cancer was decreased, especially in
older relatives.
Our findings indicate the presence of a

significant genetic component ofcancer in
women with double primary cancers of
the colorectum and endometrium.
(7Med Genet 1998;35:978-984)
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There are several dominantly inherited cancer
syndromes. These are characterised by several
features, including multiple primary cancers in

a person, cancer occurring at an earlier age
than in the general population, and cancer
affecting multiple family members. Recently,
the underlying genetic defect for many cancer
syndromes has been discovered.

Hereditary non-polyposis colorectal cancer
(HNPCC) is an autosomal dominant inherited
cancer susceptibility syndrome which is be-
lieved to account for up to 6% of all colorectal
cancer cases.' Endometrial cancer is the most
commonly occurring extracolonic cancer in
HNPCC and estimates of the cumulative inci-
dence of this cancer in women with mutations
in the HNPCC genes range from 22-43%.2 'In
addition to the increased risk of colorectal can-
cer, there is an increased incidence of adeno-
carcinoma of the endometrium and, to a lesser
degree, cancer of the stomach, urinary tract,
and other sites.2 5 8 Endometrial cancers in
HNPCC families occur at an earlier age than
those seen in the general population.9

If multiple primary cancers are primarily the
result of hereditary factors, we would expect to
see an increased cancer risk in relatives, and the
increase should be greater than that associated
with each site alone. To test this hypothesis, we
identified women in Ontario and Quebec with
both colorectal and endometrial cancer. A
detailed family history of cancer in all first
degree relatives was obtained from each
subject.

Materials and methods
ASCERTAINMENT OF PROBANDS
We used two population based registries and
four hospital based registries. The Ontario
Cancer Registry (OCR) and the tumour regis-
try at the Princess Margaret Hospital (PMH)
contain information on patients who are
diagnosed with all types of cancer. All entries
for living cases for the years 1971-1996 from
the OCR and for all living and dead cases from
the PMH with the diagnosis of colorectal and
endometrial cancer by the age of 70 years were
reviewed. There was a total of 107 cases iden-
tified in Ontario, of which 26 cases overlapped
between the provincial and hospital registries.
Similarly, the Quebec Cancer Registry and the
tumour registries at the Royal Victoria Hospi-
tal, Montreal General Hospital, and the Sir
Mortimer B Davis-Jewish General Hospital
contain information on people diagnosed with
cancer; all entries of living and dead subjects
with the diagnosis of colorectal and endome-
trial cancer by the age of 70 years were
reviewed at these institutions. There was a total
of44 cases identified in Quebec, ofwhich seven
cases were identified in both the provincial and
hospital registries.
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Colorectum, endometrium: double primaries

Table 1 Changes of cancer diagnoses

Reported cancer Verified cancer

Endometrial cancer Endometrial cancer, bladder cancer
Stomach cancer Stomach cancer, endometrial cancer
Liver cancer Pancreatic cancer
Stomach cancer Pancreatic cancer
Pancreatic cancer Pancreatic cancer, endometrial

cancer
Colon cancer Endometrial cancer
Liver cancer Coloni cancer
Colon cancer Colon cancer, endometrial cancer
Stomach cancer Small intestinal cancer
Endometrial cancer Ovarian cancer
Primary site unknown Cancer of the colon, endometrium,

kidney, and bladder

Of the 107 pathology confirmed cases iden-
tified in Ontario and 44 pathology confirmed
cases identified in Quebec, 87 of the subjects
were living and 64 had died. It was possible to
contact the proband in 70 of the 87 living cases
(80.4%) and the next of kin in 28 of the 64
dead cases (43.8%). In 53 cases, no contact
could be made. In 16 cases, the proband or
next ofkin declined to participate. In two cases,
the next of kin agreed to participate in the
study but was unable to provide any family his-
tory information. Of the 98 cases contacted,
pedigrees were obtained for 80 subjects (81.6%
participation rate). Of the 80 subjects, 35 had
colorectal cancer followed by endometrial can-
cer, 38 had endometrial cancer followed by
colorectal cancer, and seven had both cancers
synchronously.
The interview was conducted with the

proband in 62 cases and with a family member
in 18 cases. The interviews were conducted

age of diagnosis of cancer, and site (and where
possible, histological type) of cancer in all first
degree relatives of the proband. Attempts were
made to verify the diagnosis of cancer in the
first degree relatives of the Ontario probands
but not in Quebec. In Ontario, documentation
was obtained in 49 of the 92 reported cases of
cancer (53%). Of these 49 cases, 38 were
reported accurately (80%); in the remaining 11
cases, there were five errors in reporting and six
omissions of additional cancer diagnoses (table
1). When pathological confirmation was not
available, the cancer diagnosis was taken as that
reported by the relative. However, the diagno-
sis of cancer reported in first degree relatives is
very likely to be accurate.'0 11

STATISTICAL ANALYSIS
The observed number of cases (0) in the first
degree relatives was determined by review of
family pedigrees. The expected number of
cases for each cancer was calculated from the
product of the person years and the combined
Ontario and Quebec provincial cancer rate for
each age range. People were considered to be at
risk of cancer from birth until death or age in
1996. The expected number of cases (E) was
calculated for each of the age ranges selected.
The relative risk of cancer in first degree
relatives ofprobands was estimated by compar-
ing observed to expected figures. The confi-
dence intervals (CI) were calculated assuming
a Poisson distribution, CI=OL/E-O,/E, where
OL and Ou are the lower and upper bounds
respectively. 12

either in person or by telephone. The family Results
history included current age or age of death, There were 80 probands with double primary

2 Summary ofprobands,first degree relatives, and person years in the different cancers of the colorectum and endometrium.
Pups ofprobands These women had 640 first degree relatives (an

average of 8.0 relatives per proband ) who con-
No of No of No offemale No ofperson tributed 35 758 person years of follow up
probands relatives relatives years (table 2). A total of 140 cancers were reported

bands 80 640 324 35 758 among the 640 relatives (22%). The risk of
ids with colorectal cancer <55 32 241 113 13 110 *

oids with endometrial cancer <55 36 330 164 17 591 cancer of any type i relatives to age 80 was
ids with both cancers <55 21 177 85 9320 40.2% (fig 1). Although the relative risks for
ids with both cancers >55 33 246 133 13 570 colorectal and endometrial cancer were similar,

the cumulative incidence of colorectal cancer
was double that of endometrial cancer. The
cumulative incidences for colorectal cancer in_ ----------- Any cancer first degree relatives to ages 55 and 80 were

.-........Colorectal cancer 9.9% and 22.4%, respectively. For endometrial
Endometrialcancer, cancer, the cumulative incidence in first degree

female relatives was 4.8% to age 55 and 9.0%
to age 80.
Cancer risk estimates for the first degree

- , / relatives are presented in table 3A. The relative
_ ' .. ~~~~~~~~~~~~~~riskfor any cancer was substantially increased,

especially for cancers below the age of 55. The
risks for colorectal and endometrial cancer in
relatives was markedly increased. The risk in
relatives for these cancers after the age of 55

were moderate increases in risk for cancers of
D 10 20 30 40 50 60 70 80 the oesophagus, stomach, small intestine, pan-

Age at diagnosis (y) creas, bladder, and ovary (especially in relativesAgeatdiagnosis(y) ~under the age of 55), only pancreatic and ovar-
1 Cumulative incidence of cancer in relatives ofpatients with double primary ian cancer were significantly increased at the

s of the colorectum and endometrium. The cumulative incidence for any cancer and
tal cancer is based on 640 relatives (males andfemales), while the cumulative 5% level. The relative risk for breast cancer was
ce for endometrial cancer is based on 327female relatives. not increased (relative risk 0.9) and the risk for
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Table 3A Relative risk of cancer in first degree relatives associated with a double primary
cancer of the colorectum and endometrium in the proband

Cancer site Age Observed Expected RR 95% CI

Any cancer <55 82 31.2 2.6 2.1-3.3
> 55 58 71.5 0.8 0.6-1.0
Any age 140 102.6 1.4 1.1-1.6

Colorectum <55 41 2.5 16.1 11.6-21.8
>55 29 12.0 2.4 1.6-3.5
Any age 70 14.6 4.8 3.7-6.1

Endometrium <55 11 0.7 15.4 7.7-27.6
255 5 2.0 2.5 0.8-5.8
Any age 16 2.7 5.9 3.4-9.6

Oesophageal <55 1 0.1 7.4 0.1-40.9
255 3 0.9 3.3 0.7-9.8
Any age 4 1.0 3.9 1.0-9.9

Stomach <55 1 0.5 2.0 0-10.9
>55 3 2.4 1.2 0.3-3.6
Any age 4 2.9 1.4 0.4-3.5

Small intestine <55 1 0.1 15.3 0.2-85.2
> 55 1 0.2 4.2 0.1-23.4
Any age 2 0.3 6.6 0.7-23.9

Pancreas <55 4 0.4 11.3 3.0-28.9
2 55 4 2.1 1.9 0.5-4.8
Any age 8 2.5 3.2 1.4-6.3

Bladder <55 2 0.7 3.0 0.3-10.8
>55 3 3.7 0.8 0.2-2.4
Any age 5 4.4 1.1 0.4-2.7

Ovary <55 4 1.0 4.2 1.1-10.7
>55 1 1.3 0.8 0-4.2
Any age 5 2.3 2.2 0.7-5.1

Breast <55 6 6.8 0.9 0.3-1.9
>55 7 8.4 0.8 0.3-1.7
Any age 13 15.2 0.9 0.5-1.5

Lung <55 2 3.0 0.7 0.1-2.4
255 4 14.4 0.3 0.1-0.7
Any age 6 17.5 0.3 0.1-0.7

lung cancer was slightly decreased (relative risk
0.3, 95% CI 0.1-0.7). When the data were
analysed with subsets of probands (table 3B)
with younger ages of onset of the cancers, the
trends seen for colorectal, endometrial, and
pancreatic cancer were similar, but the in-
creases in relative risks were magnified.

Risks were similar for the dead and living
cases. The relative risk in first degree relatives
for cancer under the age of 55 for dead cases
was 3.4 (95% CI 2.3-4.9) and for living cases
was 2.3 (95% CI 1.7-3.0). For cancers over the
age of 55, the ratios were 1.2 (95% CI 0.7-1.9)
and 0.7 (95% CI 0.5-1.0) for dead and living
cases respectively.

Before determining the genetic defect under-
lying HNPCC, the diagnosis of hereditary
colon cancer was based on clinical grounds
(Amsterdam criteria) which consisted of: (1)
histologically verified colorectal cancer in three
or more relatives, one of whom is a first degree
relative of the other two, (2) colorectal cancer
involving at least two generations, (3) one or
more colorectal cancer cases diagnosed before

the age of 50, and (4) familial adenomatous
polyposis (FAP) excluded. Although these cri-
teria are useful in identifying highly penetrant
families, they are of less use in determining the
full spectrum of disease. In our study, there
were 14 of 80 families (18%) that satisfied the
Amsterdam criteria. Fig 2A shows a family
identified through the study that clearly meets
these criteria. There are multiply affected rela-
tives with colorectal cancer at young ages span-

ning three generations. However, a number of
families were identified that did not satisfy the
Amsterdam criteria, but where a genetic com-

ponent was nevertheless suspected. Fig 2B
shows a family with a very strong history of
extracolonic cancers. Fig 2C shows a small
pedigree with a strong family history of cancer
over two generations. These examples reinforce
the difficulty of diagnosing HNPCC in small
families and the importance of considering
extracolonic cancers.

We classified all families into three categories
based on family history as shown in table 4:
familial, possibly familial, and non-familial.
Our criteria for familial colon cancer differs
from the Amsterdam criteria in that both
extracolonic cancers and the age of onset of
colorectal and endometrial cancer are taken
into account. According to the criteria, 21
families were "familial", 17 families were "pos-
sibly familial", and 41 families were "non-
familial".

Discussion
The occurrence of two primary tumours in one
person suggests that a genetic susceptibility
component may be present. 3 Although the
association between colorectal and endome-
trial cancer is known in HNPCC, no studies
have specifically attempted to document family
histories of women with both colorectal and
endometrial cancer. It is possible that both
cancers in the same woman could be the result
of chance, and hence would not be expected to

be associated with a family history of cancer.

However, our study has shown that relatives of
a woman with a double primary cancer of the
colorectum and endometrium are at greatly
increased risks for developing colorectal, en-

dometrial, and pancreatic cancers.

The risks for colorectal cancer and endome-
trial cancer associated with a family history of
double primary cancers at these sites are

Table 3B Relative risk of cancer in first degree relatives associated with double primary cancer of the colorectum and
endometrium in different subgroups of probands

Probands with colorectal cancer <55 Probands zvith endonietrial canicer <55

Cancer site Age Observed Expected RR 95% CI Observed Expected RR 95% CI

Any cancer <55 50 11.4 4.4 3.2-5.8 64 15.7 4.1 3.1-5.2
>55 27 23.3 1.2 0.8-1.7 31 26.8 1.2 0.8-1.6

Any 77 34.7 2.2 1.8-2.8 95 42.5 2.2 1.8-2.7
Colorectum <55 24 0.9 25.3 16.2-37.6 34 1.3 26.3 18.2-36.8

>55 13 4 3.3 1.7-5.6 18 4.7 3.8 2.3-6.1

Any 37 4.9 7.5 5.3-10.4 52 6.0 8.7 6.5-11.4
Endometrium <55 6 0.2 24.1 8.8-52.6 11 0.4 31.4 15.6-56.1

>55 3 0.6 4.8 1.0-13.4 2 0.8 2.6 0.3-9.3

Any 9 0.9 10.3 4.7-19.5 13 1.1 11.6 6.1-19.8
Pancreas <55 4 0.1 30 8.1-76.9 4 0.2 22.2 6.0-56.9

>55 2 0.7 2.8 0.3-10.1 3 0.9 3.5 0.7-10.2
Any 6 0.8 7.1 2.6-15.4 7 1.0 6.7 2.7-13.9
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A
d92 d54

CRC 52

79 77 d73 70 d74 68 67 d67 d67 d64 d56 60 d50 d40
CRC 77 CRC 71 throat CRC CRC 63 CRC 55 PSU 48 CRC 38

64 56
endo 49

40 39 34
CRC 34

CRC - colorectal cancer
endo - endometrial cancer
PSU - primary site of cancer unknown

B

C

d87 87

63 60 d 56 51
CRC 37 endo 53
endo 46

36 d 32 24
adenocarcinoma
oesophageal
junction 32

Figure 2 Pedigrees of selected families identified in the study.

Table 3B continued

Probands with both cancers <55 Probands with both cancer >55

Observed Expected RR 95% CI Observed Expected RR 95% CI

44 8.3 5.3 3.8-7.1 12 12.4 1.0 0.5-1.7
16 13.1 1.2 0.7-2.0 16 34.5 0.5 0.3-0.8
60 21.4 2.8 2.1-3.6 28 46.9 0.6 0.4-0.9
21 0.7 30.5 18.8-46.6 4 1.0 4.0 1.1-10.3
8 2.3 3.5 1.5-6.8 6 5.7 1.1 0.4-2.3
29 3 9.7 6.5-13.9 10 6.7 1.5 0.7-2.8
6 0.2 32.5 11.9-70.7 0 0.3 - -
2 0.4 4.9 0.5-17.6 2 1.0 2.0 0.2-7.1
8 0.6 13.5 5.8-26.5 2 1.3 1.5 0.2-5.5
4 0.1 41.4 11.1-105.9 0 0.1 - -

2 0.4 4.8 0.5-17.1 1 1.0 1.0 0-5.6
6 0.5 11.6 4.2-25.2 1 1.1 0.9 0-4.9

greater than the risks associated with a family
history of cancers at a single site. From two
cohort studies, 119 116 US health workers
provided details of a family history of cancer.'4
Using a person years approach, based on 73
cases, the relative risk of colorectal cancer
associated with a family history of this cancer
was 1.72 (95% CI 1.33-2.20). In our series,
based on 70 cases, the corresponding risk was
4.8 (95% CI 3.7-6.1). For endometrial cancer,
a comparison can be made with the CASH
study, the largest case-control study of familial
factors in endometrial cancer, which included
455 cases of endometrial cancer diagnosed
under the age of 55 and 3216 controls.'5 The
authors found that endometrial cancer in a first
degree female relative increased the risk of
endometrial cancer by 2.8 (95% CI 1.9-4.2).
In comparison, our results (based on 164 first
degree female relatives of 36 women diagnosed
with endometrial cancer under the age of 55)
indicated an increase in relative risk of 11.6
(95% CI 6.1-19.8). Hence, our data suggest
that the risk of either colorectal or endometrial
cancer in relatives of probands with double
primaries is greater than that associated with
either site alone.
The risks are less dramatic for relatives of

women in whom both colorectal and endome-
trial cancer occurred over the age of 55, as seen
in table 3B. This finding indicates that
probands having both cancers at an older age
are much less likely to have an inherited
predisposition to cancer.
Our data are consistent with the finding that

this predisposition is specific for HNPCC
associated cancers. In our study, there was a
significantly increased risk for cancers of the
colorectum, endometrium, and pancreas. The
risk for cancers of the oesophagus, stomach,
small intestine, bladder, and ovary were
increased but only ovarian cancer in relatives
under the age of 55 reached statistical signifi-
cance. This finding may be because of the rar-
ity of these cancers and the small numbers seen
in our study. The finding of a significantly
increased risk for ovarian cancer has previously
been reported by Watson and Lynch.'6
When adjusting for multiple comparisons

through the Bonferroni method (using 20 as
the number of comparisons), cancers of the
colorectum, endometrium, and pancreas re-
mained significant (however ovarian cancer did
not). These results suggest that the inherited
susceptibility to cancer in these families may be
the result of the genetic defect causing
HNPCC.
Our observation that the reporting of cancer

diagnoses in first degree relatives is very likely
to be accurate is consistent with previous
reports.''" Eighty percent of the cancers with
pathological confirmation were accurately re-
ported. In 20% of cases, the site of cancer was
either different from that originally reported or
additional cancers were documented. As noted
in table 1, verification of cancer in several cases
showed a second primary cancer, with the first
cancer being reported accurately. Additionally,
there were many cases where the site of cancer
was altered to an HNPCC associated site, pri-

981

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.35.12.978 on 1 D
ecem

ber 1998. D
ow

nloaded from
 

http://jmg.bmj.com/


Pal, Flanders, Mitchell-Lehman, et al

Table 4 Study criteria for classification of colon cancerfamilies

(1) Famzilial
21/80 families

(2) Possibly familial
17/80 families

(3) Non-familial
41/80 families

(1) Families meeting the Amsterdam criteria
or
(2) Two or more first degree relatives of proband with: colorectal or endometrial cancer diagnosed at <55 years of age; kidney, ureteral,

oesophageal, stomach, small intestinal, pancreatic, or ovarian cancer diagnosed at any age
or
(3) Two or more first degree relatives of proband with at least one colorectal cancer diagnosed at <55 years of age with another

diagnosed at any age
or
(4) Two or more first degree relatives of proband with at least one endometrial cancer diagnosed at <55 years of age with another

diagnosed at any age
or
(5) Two or more first degree relatives with colorectal or endometrial cancer diagnosed at <55 years of age with another colorectal or

endometrial cancer diagnosed at any age

(1) One first degree relative of proband with: colorectal or endometrial cancer diagnosed at <55 years of age; kidney, ureteral,
oesophageal, stomach, small intestinal, pancreatic, or ovarian cancer diagnosed at any age

or
(2) Two or more first degree relatives of proband with colorectal or endometrial cancer diagnosed at >55 years of age

None of the above

marily the colorectum, endometrium, and
pancreas. Our findings suggest that verification
of cancer diagnoses increased the significance
of our data. Because of possible misclassifica-
tions that were undetected, the relative risks
reported in our study are likely to be an under-
estimate.

Pancreatic cancer is a feature of cancer

susceptibility syndromes associated with germ-

line mutations in p16, BRCA1, BRCA2, and
APC."7 Although it has been suggested that
pancreatic cancer is in the spectrum of
HNPCC associated cancers, the risks reported
in previous studies have either been
descriptive34 18 19 or have not reached statisti-
cal significance.'6 20 Several studies investigat-
ing the tumour spectrum in HNPCC have not
mentioned pancreatic cancer.5 21 The substan-
tial increase in relative risk for pancreatic can-

cer seen in our study was unexpectedly high in
comparison to previous reports. Eight cases of
pancreatic cancer were seen in seven families;
five of the pedigrees were classified as "famil-
ial" according to our definitions presented in
table 4. Two of the pedigrees were classified as

non-familial based on our criteria.
It is plausible that pancreatic cancer is more

common in HNPCC than previously reported.
Alternatively, the association may be restricted
to studying a subgroup of hereditary colon
cancer families. The requirement of a diagnosis
of endometrial cancer as well as colorectal can-

cer in a single proband may have resulted in the
selection for families in which extracolonic
cancers were more common. The presence of
other genetic or environmental factors may
account for the high risk for pancreatic cancer

seen in our families.
The absence or presence of extracolonic

tumours has been used to subdivide HNPCC
into Lynch syndromes I and II, respectively. In
support of this distinction, Vasen et ar studied
the tumour spectrum in 24 HNPCC kindreds
from The Netherlands. In four families, color-
ectal cancer was the only type of cancer to

occur. Sixty-five extracolonic tumours were

observed among members of the remaining 20
kindreds. Mutation studies to date, most of
which focus on Lynch II kindreds fulfilling the
Amsterdam criteria, have failed to show a pre-
cise relationship between the clinical pheno-

type and the gene involved or the site or type of
mutation. Vasen et a?' reported a higher rate of
extracolonic cancer in MSH2 mutation carri-
ers as compared to MLH1 mutation carriers
(61% v 42%), but the difference was not statis-
tically significant. Phenotypic diversity seen in
families with the same genetic predisposition
suggests the existence of other genetic or envi-
ronmental factors. Kindreds sharing an identi-
cal predisposing MMR gene mutation provide
the opportunity to study the possible role of
modifying factors in HNPCC.
There was no increase in the relative risk for

lung or breast cancer; neither tumour is
believed to be associated with HNPCC. We
observed a decreased risk for lung cancer; this
finding has been previously reported in studies
of extracolonic cancers in HNPCC. Watson
and Lynch'6 found significantly fewer lung/
bronchial cancer cases than expected (relative
risk of 0.4 with a p value of <0.05) in their
study of extracolonic cancers in HNPCC. A
report of cancer in relatives of patients with
colorectal cancer showed that lung cancer
occurred only 60% as often in relatives of
patients compared with control subjects.20 The
same low incidence of cancer compared to the
general population was reported by Fitzgib-
bons et al.22 Mecklin et ar reported lung cancer
in only four of 196 cancer affected family
members of 22 families with HNPCC. Con-
versely, several population based studies have
shown significant23 24 and non-significant25 26

deficits of second cancers of the colorectum
after lung cancer. Recently, Wu et a?' reported
a deficit of digestive tract cancers in the first
degree relatives of non-smoking female lung
cancer patients. Foulkes et ar-8 29 reported a
deficit of colorectal cancer in the first degree
relatives of patients with squamous cell cancer
of the head and neck in two separate
case-control studies. It appears that an inverse
relationship may exist between colorectal
cancer and both squamous cell cancer of the
head and neck and lung cancer. This phenom-
enon requires further study of genetic and
environmental factors to determine its aetio-
logical basis.
The underlying molecular defect in HNPCC

is a defect in DNA repair resulting in a suscep-
tibility to tumorigenesis. Five mismatch repair
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(MMR) genes have been identified (hMSH2,
hMLHl, hPMS1, hPMS2, and hMSH6) and
mutations in these genes have been found in
HNPCC families..0.36 Germline mutations in
hMSH2 and hMLHI have been implicated in
the majority ofHNPCC families.'7 38
Tumours associated with HNPCC fre-

quently show microsatellite instability (MIN)
caused by an inactivation of the MMR system.
The MIN phenotype is found in 86% of
HNPCC associated colonic tumours com-
pared with 16% of sporadic cases.39 For
endometrial cancer, the MIN phenotype has
been described in a significant number of both
HNPCC associated (75%) and sporadic (17%)
cases.40 41 However, most endometrial cancers
that have MIN are not associated with
identified HNPCC gene mutations, suggesting
that germline or somatic mutations in other
MMR genes are responsible for the MIN phe-
notype in most endometrial cancers.42 The
MIN phenotype has been reported in tumours
of the stomach and pancreas43 and, rarely, the
ovary.44 With the availability of mutation analy-
sis of the MMR genes and determination of the
MIN phenotype in tumour samples, it is now
possible to determine the presence ofHNPCC
on a molecular basis rather than having to rely
on clinical criteria. It is possible that many of
our families fitting the "familial" and "possibly
familial" criteria in table 4 have a mutation in
one of the HNPCC genes.

This study has shown that first degree
relatives of women with double primary
cancers of the colorectum and endometrium
are at a greatly increased risk of colorectal,
endometrial, and a variety of other HNPCC
related cancers. In fact, of all the known risk
factors for colorectal cancer, genetic suscepti-
bility confers the highest risk. Of the genetic
factors, the presence of a double primary can-
cer of the colorectum and endometrium is an
important determinant. Based on the results, it
is important for treating physicians to ask
about past history of cancer, familiy history of
cancer, and offer HNPCC genetic testing to
any woman with double primary cancers at
these sites, particularly if one or both cancers
are diagnosed at less than 55 years of age.
Appropriate counselling and screening should
be offered to first degree relatives.
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