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Abstract

Data on the familial associations of colorectal cancer (CRC) of adenocarcinoma histology are limited, but they are of interest

because they may give us clues about as yet unknown family clusters. We calculated standardised incidence ratios (SIRs) for right-

and left-sided colon cancer and rectal cancer in offspring using data from the Swedish Family-Cancer Database covering familial

tumours from 1991 to 2000. The offspring were at an increased risk of developing colon adenocarcinoma when parents presented

with CRC (SIR 1.81), endometrial (SIR 1.52) and kidney (SIR 1.42) cancers. The SIRs in siblings were increased when a co-sibling

was diagnosed with CRC (SIR 3.26), myeloma (SIR 2.65) and leukaemia (SIR 2.53). Right-sided colon cancer was associated with

familial pancreatic, squamous cell skin cancers, thyroid gland cancer and Hodgkin�s disease. Left-sided colon cancer was associated

with testicular cancers. Rectal cancer was associated with cervical and genital cancers in mothers. Most of the findings were con-

sistent with data on known cancer syndromes. A new association was noted where rectal cancer in offspring was related to cervical

and female genital cancers in mothers through an unknown mechanism. Hodgkin�s disease and myeloma were also associated with

right-sided colon cancer in offspring. The association with carcinoma of the testis, renal parenchyma, skin and leukaemia need to be

confirmed in an independent series.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Colorectal cancer (CRC) is one of the most common
forms of neoplasia in Western industrial countries,

accounting for over 10% of all cancers [1,2]. A family

history of CRC is associated with an increased risk of

the disease, as reviewed by Johns and Houlston [3–7].

Hereditary non-polyposis colorectal cancer (HNPCC),

due to defective DNA mismatch repair, is the most com-

mon heritable cause of CRC [8,9]. The phenotype of

HNPCC features an excess of early onset CRC (average
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age 45 years) with a propensity to involve the proximal

(right-sided) colon, and a variety of extracolonic can-

cers, particularly carcinomas of the endometrium,
ovary, stomach, small bowel, pancreas, hepatobiliary

tract, brain and upper uroepithelium of ureter and renal

pelvis, in addition to skin lesions [9–11]. Familial adeno-

matous polyposis (FAP) is another syndrome affecting

CRC, but it is much rarer than HNPCC [12,13]; it is

caused by mutations in the APC gene and is character-

ised by an early age of onset (39 years) and a risk of

extracolonic tumours, such as papillary thyroid carcino-
mas, sarcomas and pancreatic carcinomas [9]. Hamarto-

matous syndromes are rare and they include

Peutz–Jeghers syndrome, familial juvenile polyposis

and Cowden�s disease, but CRC is an uncommon
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manifestation in these syndromes [9,14,15]. Germline

mutations in the BML and MYH genes have also been

reported to increase the risk of CRC [16,17]. Even some

identified low-penetrance genes may contribute to the

familial aggregation of CRC but, overall, the available

data suggest that most causes of familial CRC remain
unknown [18,19]. Lack of correlation of CRC risk be-

tween spouses does not support any major role for the

shared environment in the familial aggregation [20].

A familial association between CRC and another site

may be a clue to shared risk factors, and, indeed, the

published studies have been able to detect associations

between sites that are manifestations in HNPCC [3,6].

Excluding known cancer syndromes, a consistent famil-
ial association of CRC with other sites provides evidence

for an as yet unidentified cancer syndrome and the find-

ings may help to optimise studies searching for new sus-

ceptibility genes, a strategy that has been used for

example in families presenting with hereditary breast

and colorectal cancers [21]. In the present study, we

use the newest update of the nationwide Sweden Fami-

ly-Cancer Database [22]. The Database has a nation-
wide coverage of families and their malignancies, all of

which are medically-verified, thus guarding against bias.

The size of the population allows us to analyse familial

associations considering specifically right- and left-sided

colon cancers, which may respond differently to familial

risk, as in the case of HNPCC.
2. Patients and methods

The Swedish Family-Cancer Database includes all

persons born in Sweden after 1931 with their biological

parents, totalling over 10.3 million individuals [23]. Can-

cers were retrieved from the nationwide Swedish Cancer

Registry from 1958 to 2000. Information on family his-

tory was collected on all first-degree relatives (parents,
siblings, and children). Follow-up started on January

1, 1991 and terminated at death, emigration, or the clos-

ing date of the study, December 31, 2000, whichever

came first. The Family-Cancer Database has some gaps

in the parent-offspring links among those born between

1935 and 1940 who died between 1960 and 1991. How-

ever, because the current follow-up was started from

1991, this missing data should not bias the present esti-
mates. A 4-digit diagnostic code according to the 7th

version of the International Classification of Disease

(ICD-7) was used. ICD codes 153.0–153.3 and 154.0,

were used for CRC. Based on the codes, the anatomical

location of colon was classified as right-sided sections

(codes 153.0 and 153.1) and left-sided sections (codes

153.2 and 153.3). The splenic flexure was the dividing

line between the left and right locations. The histological
classification of CRC was used to define adenocarci-

noma as a pathological anatomical diagnosis (PAD)
code 096. The percentage of cytologically- or histologi-

cally-verified cases by site, gender and age at diagnosis

was 98% for colon cancer, and 99% for rectal cancer.

Siblings were defined as the offspring of a common

biological mother. The multiple counting method was

used in counting the risks among siblings; the method
has the theoretical advantage of providing an unbiased

estimate of the risk to the siblings of a specified af-

fected individual, regardless of the family size distribu-

tion, and this parameter will be equal to the offspring

risk under any additive genetic models [24]. In the pre-

sent study, we did not consider families (N = 16) who

had presented more than 2 cases of CRC (i.e., a par-

ent and 2 or more offspring affected). In order to study
the cancer risks at different ages, the ages at diagnosis

of both parents and offspring were divided into two

categories: below or equal to 50 years and over 50

years. Thus, each parents-offspring pair definitely be-

longs to one and only one of the four diagnostic age

groups: 1 younger age group (both parents and off-

spring diagnosed below or equal to 50 years), 1 older

and 2 mixed age-groups.
Standardised incidence ratios (SIRs) were calculated

as the ratio of observed (O) to expected (E) number of

cases. The expected numbers were calculated from 5-

year-age-, gender-, period- (10-year bands), area-

(county), socio-economic status standardised rates [25].

Confidence Intervals (95% CI or 99% CI) were calcu-

lated assuming a Poisson distribution [25]; the higher

significance level was used to address the problem of
multiple comparisons. In the calculation of the CIs for

sibling risks, the dependence between the affected pairs

was taken into consideration [24]. The analysis of this

study was implemented in the environment of the Statis-

tical Analysis System release 8.2.
3. Results

The Family-Cancer Database included a total of

6863473 offspring with a parental linkage, and 6012 of

these offspring were recoded with CRC during the peri-

od of 1991–2000. Among 6,484,564 parents in the Data-

base, 31100 were diagnosed with CRC, 9399 with right-

sided colon cancer, 7055 with left-sided colon cancer and

11545 with rectal cancer, considering only adenocarci-
noma histology. Familial risks of colon and rectal can-

cer for offspring of parents with cancer and among

siblings are shown in Table 1. The offspring were at a

risk of developing colon adenocarcinoma when parents

presented with colorectal (SIR 1.81), endometrial

(1.52) and kidney (1.42) cancers. The SIRs of colon can-

cer in siblings when their sibling was diagnosed with

cancer were increased for CRC (SIR 3.26), myeloma
(2.65) and leukaemia (2.53). The risk of rectal cancer

for offspring was increased only when parent was



Table 1

SIR for colorectal adenocarcinoma in offspring of affected parents and siblings by familial cancer

Familial cancer Colon Rectum

Parental proband Sibling proband Parent proband Sibling proband

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Upper aerodigestive tract 23 0.84 0.53 1.27 5 1.08 0.34 2.54 19 0.88 0.53 1.37 3 0.81 0.15 2.40

Oesophagus 21 1.52 0.94 2.33 1 0.60 0.00 3.46 7 0.63 0.25 1.31 1 0.74 0.00 4.26

Stomach 105 1.09 0.89 1.32 7 1.62 0.64 3.36 73 0.95 0.74 1.19 2 0.57 0.05 2.10

Colorectum 338 1.81 1.62 2.02 55 3.26 2.46 4.25 259 1.74 1.53 1.96 28 2.06 1.37 2.98

Liver 57 1.01 0.76 1.30 2 0.49 0.05 1.82 44 0.97 0.71 1.30 1 0.31 0.00 1.77

Pancreas 68 1.22 0.95 1.55 9 2.13 0.97 4.07 44 0.99 0.72 1.33 2 0.59 0.06 2.16

Lung 105 0.93 0.76 1.12 20 1.29 0.78 1.99 94 1.04 0.84 1.27 13 1.03 0.55 1.77

Breast 178 1.09 0.93 1.26 43 0.94 0.68 1.27 126 0.97 0.80 1.15 42 1.14 0.82 1.54

Cervix 39 1.19 0.85 1.63 3 0.84 0.16 2.49 34 1.30 0.90 1.81 2 0.69 0.07 2.55

Endometrium 63 1.52 1.17 1.95 12 1.50 0.77 2.63 33 0.99 0.68 1.40 7 1.08 0.43 2.24

Ovary 40 1.04 0.74 1.42 7 1.00 0.40 2.08 37 1.20 0.84 1.65 5 0.89 0.28 2.09

Other female genitals 10 1.25 0.60 2.31 1 1.24 0.00 7.1 12 1.87 0.96 3.28 2 3.07 0.29 11.29

Prostate 232 0.99 0.87 1.13 21 1.32 0.82 2.02 202 1.08 0.93 1.24 5 0.39 0.12 0.92

Kidney 79 1.42 1.13 1.78 3 0.50 0.09 1.48 48 1.08 0.80 1.43 8 1.66 0.71 3.28

Urinary bladder 88 1.13 0.90 1.39 14 1.74 0.95 2.92 65 1.04 0.80 1.33 7 1.08 0.43 2.24

Melanoma 25 0.84 0.54 1.24 13 1.19 0.63 2.04 27 1.14 0.75 1.66 8 0.91 0.39 1.80

Skin, squamous cell 54 0.89 0.67 1.17 9 2.02 0.91 3.85 54 1.12 0.84 1.46 6 1.68 0.60 3.68

Nervous system 42 1.03 0.74 1.39 11 1.07 0.53 1.92 37 1.13 0.80 1.56 10 1.20 0.57 2.22

Thyroid gland 12 1.02 0.53 1.79 4 2.12 0.55 5.47 10 1.07 0.51 1.98 2 1.31 0.12 4.83

Endocrine glands 22 0.91 0.57 1.38 6 1.19 0.43 2.61 14 0.73 0.40 1.22 9 2.20 1.00 4.20

Connective tissue 8 0.79 0.34 1.56 1 0.72 0.00 4.11 8 0.99 0.42 1.96 2 1.76 0.17 6.47

Non-Hodgkin�s lymphoma 40 0.92 0.66 1.26 5 0.60 0.19 1.40 45 1.30 0.95 1.74 5 0.74 0.23 1.74

Hodgkin�s disease 9 1.18 0.53 2.25 1 1.20 0.00 6.88 7 1.16 0.46 2.40

Myeloma 33 1.22 0.84 1.72 7 2.65 1.05 5.49 20 0.93 0.57 1.43 4 1.87 0.49 4.82

Leukaemia 43 0.91 0.66 1.23 13 2.53 1.34 4.34 30 0.80 0.54 1.14 4 0.96 0.25 2.49

Bold type, 95% CI does not include 1.00. Underlining bold type, 99% CI does not include 1.00.

CI, Confidence Interval; O, Observed; SIR, Standardised incidence ratios.
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affected by CRC (SIR 1.74). The SIR was 2.06 when a

sibling was diagnosed with CRC.

The familial risk of colon adenocarcinoma was fur-

ther analysed by subsites of right- and left-sided colon
cancers in Table 2. There were no large differences be-

tween the SIRs of right- and left-sided colon cancers

when either a parent or a sibling was diagnosed with

CRC, but the risks among siblings were clearly higher

than those among offspring and parents. The associa-

tion with other familial sites distinguished the right-

and left-sided colon cancers. SIRs for right-sided colon

cancer in offspring were 1.89 when a parent presented
with endometrial cancer and 1.76 when a parent pre-

sented with kidney cancer; no increases were noted

for the risk of left-sided colon cancer. Similarly, only

SIRs for right-sided colon cancer were noted for sib-

lings whose co-siblings were affected with pancreatic

(SIR 3.66), skin (3.04) and thyroid gland (4.12) tu-

mours. The left-side cancer associated only with sibling

leukaemia (2.78). All these leukaemias were diagnosed
in adults and were of different subtypes (2 acute lym-

phoid and 1 chronic lymphoid leukaemia, 1 of each:

acute and chronic myeloid leukaemia, polycythemia

vera and myelofibrosis).
Table 3 shows the familial SIRs for right-sided colon

adenocarcinoma when parents and offspring were di-

vided into two mutually exclusive diagnostic age groups

of below or over 50 years. These two age group combi-
nations illustrate the variation in SIRs, and no data are

shown for the mixed age group combinations. As ex-

pected, more cancers were diagnosed after the diagnostic

age of 50 years. The offspring were at a high risk of

right-sided colon cancer before the age of 50 years when

their parents were also diagnosed before the age of 50

years with CRC adenocarcinoma (SIR 7.51), cervical

(2.67), endometrial (6.22) and kidney (7.46) cancers
and myeloma (12.69). Myeloma was also associated

with sibling colon cancer (13.87). In those diagnosed

when they were aged over 50 years, the SIRs were in-

creased when a parent presented with CRC (SIR 1.50),

endometrial (1.75) and kidney (1.48) cancers. Among

siblings, increased SIRs were noted when another sibling

was diagnosed with CRC (SIR 2.87), pancreatic (4.31),

skin (3.14) and thyroid cancers (5.68); all these thyroid
cancer were non-medullary. When parental kidney can-

cer was further divided by subsites of renal parenchyma

(ICD-7 180.0) and pelvis (ICD-7 180.1) without age

stratification, higher risks of right-sided colon cancer



Table 2

SIR for colon adenocarcinoma in offspring of affected parents and siblings by familial cancer

Familial cancer Right-sided colon Left-sided colon

Parental proband Sibling proband Parental proband Sibling proband

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Upper aerodigestive tract 15 1.07 0.60 1.77 2 0.83 0.08 3.07 8 0.60 0.26 1.19 3 1.34 0.25 3.97

Oesophagus 9 1.27 0.58 2.42 1 1.18 0.00 6.74 12 1.79 0.92 3.13

Stomach 60 1.21 0.92 1.56 5 2.25 0.71 5.29 45 0.96 0.70 1.29 2 0.96 0.09 3.51

Colorectum 170 1.79 1.53 2.08 31 3.58 2.43 5.09 168 1.84 1.57 2.14 24 2.93 1.87 4.36

Liver 28 0.96 0.64 1.40 2 0.96 0.09 3.53 29 1.05 0.70 1.51

Pancreas 34 1.19 0.83 1.67 8 3.66 1.56 7.25 34 1.25 0.87 1.75 1 0.49 0.00 2.82

Lung 61 1.06 0.81 1.36 13 1.62 0.86 2.78 44 0.79 0.58 1.07 7 0.93 0.37 1.92

Breast 88 1.06 0.85 1.30 22 0.95 0.59 1.43 90 1.12 0.90 1.38 21 0.94 0.58 1.44

Cervix 21 1.25 0.77 1.92 18 1.13 0.67 1.79 3 1.72 0.32 5.10

Endometrium 40 1.89 1.35 2.58 7 1.71 0.68 3.54 23 1.13 0.72 1.70 5 1.28 0.40 3.01

Ovary 22 1.12 0.70 1.69 5 1.39 0.44 3.28 18 0.96 0.57 1.51 2 0.59 0.06 2.16

Other female genitals 5 1.22 0.39 2.88 1 2.43 0.00 13.93 5 1.28 0.40 3.01

Prostate 124 1.04 0.86 1.24 11 1.34 0.67 2.41 108 0.94 0.77 1.14 10 1.30 0.62 2.39

Kidney 50 1.76 1.31 2.33 2 0.65 0.06 2.38 29 1.07 0.72 1.54 1 0.34 0.00 1.97

Urinary bladder 46 1.16 0.85 1.54 9 2.17 0.98 4.14 42 1.10 0.79 1.49 5 1.28 0.40 3.00

Melanoma 14 0.92 0.50 1.55 7 1.25 0.50 2.59 11 0.75 0.37 1.35 6 1.12 0.40 2.46

Skin, squamous cell 28 0.91 0.60 1.32 7 3.04 1.20 6.30 26 0.87 0.57 1.28 2 0.93 0.09 3.41

Nervous system 22 1.05 0.66 1.60 6 1.14 0.41 2.50 20 1.00 0.61 1.55 5 1.00 0.32 2.35

Thyroid gland 6 1.00 0.36 2.19 4 4.12 1.07 10.66 6 1.05 0.38 2.30

Endocrine glands 11 0.89 0.44 1.61 4 1.55 0.40 4.01 11 0.93 0.46 1.67 2 0.81 0.08 2.99

Connective tissue 4 0.77 0.20 1.99 1 1.40 0.00 8.03 4 0.81 0.21 2.10

Non-Hodgkin�s lymphoma 28 1.27 0.84 1.83 5 1.16 0.37 2.73 12 0.57 0.29 0.99

Hodgkin�s disease 4 1.01 0.26 2.62 5 1.36 0.43 3.19 1 2.46 0.00 14.12

Myeloma 17 1.23 0.72 1.98 4 2.96 0.77 7.64 16 1.21 0.69 1.98 3 2.33 0.44 6.91

Leukaemia 16 0.66 0.38 1.08 6 2.29 0.82 5.01 27 1.17 0.77 1.71 7 2.78 1.10 5.76

Bold type, 95% CI does not include 1.00.

Underlining bold type, 99% CI does not include 1.00.
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in offspring were observed when parents were diagnosed

with carcinoma of the renal pelvis (SIR 2.78, N = 7, 95%

CI 1.10–5.77) compared with carcinoma of the renal

parenchyma (SIR 1.70, N = 40, 95% CI 1.21–2.31).

Risk for rectal cancer in offspring was analysed in the

same age groups (Table 4). The offspring were at a high

risk of rectal cancer before the age of 50 years when par-

ents had CRC adenocarcinoma (SIR 6.42) and endome-
trial cancer (5.20) before the age of 50 years. In the older

age group, besides an increased risk associated with

parental CRC adenocarcinoma, maternal genital cancer

was also associated with an increased risk of rectal can-

cer in the offspring (2.19). In the mixed age group com-

binations, the risk of rectal cancer in offspring before the

age of 50 years associated with maternal cervical cancer

diagnosed after 50 years of age (SIR 2.85, N = 10, 95%
CI 1.36–5.27).

We considered the age of onset of the familial CRCs

(only parental proband) compared with all offspring

CRCs. The mean age of onset of right-sided colon can-

cer was 1.6 years younger when parents had CRC com-

pared with offspring whose parents were unaffected (54.2

years). For left-sided colon and rectal cancers, the differ-

ences were 0.8 and 0.7 years, respectively. No differences
in the age of onset were noticed for offspring CRCs

between familial discordant sites.

We carried out an analysis in a reverse order: parental

risk of CRC when offspring were diagnosed with diverse

cancers (data not shown). When offspring were diag-

nosed with Hodgkin�s disease, parents were at an in-

creased risk of right-sided colon (SIR 2.54, 95% CI

1.15–4.84) and rectal cancers (SIR 2.19, 95% CI 1.04–
4.04). Parents were at an increased risk of left-sided co-

lon cancer when offspring were diagnosed with testicular

cancer (SIR 2.06, 95% CI 1.09–3.53). None of these find-

ings were significant at the 99% level.
4. Discussion

The multiple comparisons are a problem in this kind

of exploratory study searching for new hypotheses on

cancers clustering with CRC in families. Altogether

some 400 comparisons were made and some were bound

to give a significant result by chance. The internal com-

parison of analysing risks in the reverse order, risk in

parents when offspring were probands (last paragraph

of Section 3), would be helpful if the age distribution



Table 3

SIR for right-sided colon adenocarcinoma in offspring of affected parents and siblings by age at diagnosis

Familial cancer Both parents and offspring diagnosed before 50 years of

age

Both parents and offspring diagnosed after 50 years of

age

Parental proband Sibling proband Parental proband Sibling proband

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Upper aerodigestive tract 6 0.59 0.21 1.30 2 1.01 0.10 3.73

Oesophagus 6 1.10 0.40 2.42 1 1.39 0.00 7.95

Stomach 2 2.69 0.25 9.91 1 2.64 0.00 15.12 44 1.10 0.80 1.48 4 2.15 0.56 5.55

Colorectum 10 7.51 3.57 13.86 13 8.70 4.61 14.92 108 1.50 1.23 1.82 21 2.87 1.78 4.40

Liver 1 3.68 0.00 21.11 18 0.79 0.47 1.25 2 1.14 0.11 4.19

Pancreas 1 3.12 0.00 17.86 24 1.08 0.69 1.61 8 4.31 1.84 8.54

Lung 1 1.18 0.00 6.78 3 2.29 0.43 6.77 48 1.15 0.85 1.53 10 1.47 0.70 2.72

Breast 3 0.65 0.12 1.91 7 1.40 0.55 2.89 59 1.06 0.80 1.36 15 0.80 0.45 1.33

Cervix 7 2.67 1.06 5.52 9 1.02 0.46 1.95

Endometrium 4 6.22 1.62 16.10 25 1.75 1.13 2.58 7 1.99 0.79 4.13

Ovary 3 3.01 0.57 8.90 2 2.92 0.28 10.75 14 1.05 0.57 1.76 3 1.02 0.19 3.03

Other female genitals 3 0.94 0.18 2.78 1 3.01 0.00 17.27

Prostate 1 0.92 0.00 5.28 90 1.00 0.80 1.23 10 1.37 0.65 2.54

Kidney 5 7.46 2.35 17.54 31 1.48 1.01 2.11 2 0.77 0.07 2.84

Urinary bladder 2 2.94 0.28 10.80 29 0.99 0.66 1.42 7 2.01 0.80 4.16

Melanoma 1 0.98 0.00 5.62 1 0.74 0.00 4.22 10 1.08 0.52 2.00 6 1.40 0.51 3.08

Skin, squamous cell 1 2.46 0.00 14.13 22 0.92 0.57 1.39 6 3.14 1.13 6.88

Nervous system 1 0.81 0.00 4.67 1 0.82 0.00 4.72 12 0.87 0.45 1.52 6 1.47 0.53 3.23

Thyroid gland 1 2.21 0.00 12.66 4 0.98 0.25 2.52 4 5.68 1.48 14.69

Endocrine glands 1 1.96 0.00 11.24 7 0.85 0.34 1.76 4 1.96 0.51 5.07

Connective tissue 1 4.64 0.00 26.59 2 0.54 0.05 1.98 1 1.81 0.00 10.37

Non-Hodgkin�s lymphoma 17 1.07 0.62 1.72 5 1.41 0.44 3.32

Hodgkin�s disease 3 1.07 0.20 3.16

Myeloma 2 12.69 1.20 46.69 3 13.87 2.61 41.05 13 1.23 0.65 2.11 1 0.87 0.00 5.01

Leukaemia 2 3.77 0.36 13.85 14 0.77 0.42 1.30 4 1.90 0.49 4.91

Bold type, 95% CI does not include 1.00.

Underlining bold type, 99% CI does not include 1.00.
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of both parental and offspring populations were similar,

which was not the case. One way to judge the likelihood

of chance is to consider the level of statistical signifi-

cance. For this reason, we gave both 95% and 99%

CIs for the tabulated SIRs. Other formal methods that

consider the number of comparisons include the Bonfer-

roni correction, which we did not apply. In lacking inde-

pendent studies, biological plausibility is another
possibility to weight the value of the observed associa-

tions. We consider the level of statistical significance

and biological plausibility in the subsequent discussion.

Even this large study would not detect heritable cancers

that, albeit with high risk, affect a small number of peo-

ple; for example, there was no increase between colorec-

tal cancers and breast cancer, although co-aggregation

has been found in some families [21].
Rectal cancer showed no overall familial associations

with other sites. When young offspring and parental

probands (both diagnosed before the age 50 of years)

were considered, a significant association with parental

endometrial cancer was noted, probably as a manifesta-

tion of HNPCC. In older offspring and probands, asso-

ciations were noted both with cervical and other female

genital cancers. It is unlikely that these two cancers, re-
lated to chronic human papilloma virus (HPV) infection
[26,27], would occur by chance in association with rectal

cancer. Even offspring with right-sided colon cancer was

associated with parental cervical cancer, when cancers

were diagnosed after the age of 50 years. Anal cancer

is a known target site for HPV, but there are no convinc-

ing data linking HPV to rectal or colon cancers [28]. The

risk for rectal cancer is increased as a second tumour

after a first cervical cancer [29]. An immunological
mechanism could also explain the familial associations

between rectal and cervical/genital cancers [30]. How-

ever, there was no significant association between rectal

cancer and squamous cell skin cancer or non-Hodgkin�s
lymphoma, the two neoplasms which are usually consid-

ered markers of impaired immune response [31–33].

Thus, there may be an as yet unknown mechanisms.

Most of the familial association between colon cancer
and other sites were known HPNCC sites, including the

endometrium, renal pelvis and pancreas (Table 5). We

have no possibility of determining whether HNPCC is

the only reason for these associations or why pancreatic

cancer was increased only among siblings. The known

manifestation of papillary thyroid cancer in FAP may

suggest that the co-occurrence of early-onset right-sided

colon cancer and non-medullary thyroid cancer in sib-
lings is due to this syndrome.



Table 4

SIR for rectal adenocarcinoma in offspring of affected parents and siblings by age at diagnosis

Familial cancer Both parents and offspring diagnosed before 50 years of

age

Both parents and offspring diagnosed after 50 years of

age

Parental proband Sibling proband Parental proband Sibling proband

O SIR 95% CI O SIR 95% CI O SIR 95% CI O SIR 95% CI

Upper aerodigestive tract 1 1.46 0.00 8.37 15 0.95 0.53 1.58 2 0.66 0.06 2.42

Oesophagus 7 0.82 0.33 1.70 1 0.88 0.00 5.04

Stomach 1 1.65 0.00 9.45 58 0.93 0.71 1.21 2 0.68 0.06 2.51

Colorectum 12 6.42 3.30 11.24 6 2.48 0.89 5.44 182 1.61 1.38 1.86 24 2.10 1.34 3.13

Liver 1 2.71 0.00 15.54 38 1.06 0.75 1.46 1 0.37 0.00 2.11

Pancreas 1 1.81 0.00 10.39 30 0.87 0.58 1.24 1 0.35 0.00 2.00

Lung 2 1.73 0.16 6.34 3 1.41 0.26 4.16 67 1.02 0.79 1.30 10 0.94 0.45 1.74

Breast 6 0.94 0.34 2.05 6 0.76 0.27 1.66 93 1.05 0.85 1.29 36 1.22 0.85 1.68

Cervix 5 1.28 0.40 3.01 14 1.03 0.56 1.72 2 1.00 0.09 3.66

Endometrium 5 5.20 1.64 12.23 2 2.01 0.19 7.39 21 0.92 0.57 1.42 5 0.91 0.29 2.13

Ovary 2 1.40 0.13 5.16 2 1.88 0.18 6.90 30 1.42 0.96 2.03 3 0.65 0.12 1.93

Other female genitals 1 7.94 0.00 45.51 11 2.19 1.09 3.93 1 1.90 0.00 10.90

Prostate 160 1.12 0.96 1.31 5 0.44 0.14 1.04

Kidney 1 1.09 0.00 6.25 1 1.20 0.00 6.89 34 1.03 0.71 1.44 7 1.74 0.69 3.61

Urinary bladder 3 2.73 0.51 8.08 49 1.06 0.78 1.40 4 0.74 0.19 1.91

Melanoma 3 2.23 0.42 6.60 3 1.41 0.27 4.19 15 1.01 0.56 1.67 5 0.74 0.24 1.75

Skin, squamous all 45 1.19 0.87 1.60 6 2.03 0.73 4.44

Nervous system 2 1.17 0.11 4.32 2 1.07 0.10 3.93 29 1.32 0.89 1.90 8 1.23 0.53 2.44

Thyroid gland 1 1.64 0.00 9.38 2 4.98 0.47 18.30 4 0.62 0.16 1.62

Endocrine glands 2 2.36 0.22 8.70 12 0.92 0.47 1.60 7 2.15 0.85 4.46

Connective tissue 1 3.34 0.00 19.17 5 0.86 0.27 2.03 2 2.24 0.21 8.23

Non-Hodgkin�s lymphoma 1 0.82 0.00 4.68 34 1.35 0.94 1.89 4 0.72 0.19 1.86

Hodgkin�s disease 1 2.41 0.00 13.84 5 1.16 0.37 2.72

Myeloma 1 4.43 0.00 25.42 1 2.93 0.00 16.81 12 0.72 0.37 1.27 3 1.65 0.31 4.89

Leukaemia 1 1.21 0.00 6.94 21 0.74 0.46 1.13 4 1.20 0.31 3.09

Bold type, 95% CI does not include 1.00.

Underlining bold type, 99% CI does not include 1.00.
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The sites in Table 5, not discussed above, include the

renal parenchyma, squamous cell skin cancer, myeloma

and leukaemia. The associations were limited to right-
able 5

ummary SIRs for familial associations in colon adenocarcinoma in offspring and siblings

amilial cancer Offspring colon adenocarcinoma HNPCC site

Right-sided

Overall Left-sided Overall Both parents and

offspring diagnosed

after 50 years of

age

Both parents and

offspring diagnosed

after 50 years of

age

Parental

proband

Sibling

proband

Parental

proband

Sibling

proband

Parental

proband

Sibling

proband

Parental

proband

Sibling

proband

Parental

proband

Sibling

proband

olorectum 1.81 3.26 1.84 2.93 1.79 3.58 7.51 8.70 1.50 2.87
p

ancreas 1.22 2.13 1.25 0.49 1.19 3.66 3.12 1.08 4.31
p

ervix 1.19 0.84 1.13 1.72 1.25 2.67 1.02

ndometrium 1.52 1.50 1.13 1.28 1.89 1.71 6.22 1.75 1.99
p

idney 1.42 0.50 1.07 0.34 1.76 0.65 7.46 1.48 0.77

enal pelvis 1.45 0.63 1.20 0.43 1.70 0.82 6.64 1.45 0.98

enal parenchyma 1.63 0.42 2.78 22.14 2.13
p

kin, squamous cell 0.89 2.02 0.87 0.93 0.91 3.04 2.46 0.92 3.14
p

hyroid gland 1.02 2.12 1.05 1.00 4.12 2.21 0.98 5.68

yeloma 1.22 2.65 1.21 2.33 1.23 2.96 12.69 13.87 1.23 0.87

eukaemia 0.91 2.53 1.17 2.78 0.66 2.29 3.77 0.77 1.90

old type, 95% CI does not include 1.00.

nderlining bold type, 99% CI does not include 1.00.
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sided colon for the other sites, except leukaemia which

were associated with left-sided colon cancer; none of

the associations were significant at the 99% level. The
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association with myeloma has been observed in a previ-

ous study from the Database [6]. The risk was observed

both in offspring of affected parents and among siblings,

which adds to the credibility of the finding. The associ-

ations with cancers of the renal parenchyma and skin

and with leukaemia were found in only one comparison
and must be considered tentative. However, renal paren-

chymal cancers have been noted in CRC kindreds in the

United States of America (USA) [34]. All leukaemias

were diagnosed in adults and included diverse subtypes.

In the reverse comparison, parental risk of right-sided

colon and rectal cancers were increased if offspring were

diagnosed with Hodgkin�s disease. Left-sided colon can-

cer was increased in parents of testicular cancer patients.
None of these results were significant at the 99% level,

and, to our knowledge, they have not been reported be-

fore. However, because the association with Hodgkin�s
disease was observed at two sites, the likelihood of a

chance finding appears to be small.

The strongest evidence for an association of CRC

with other sites was obtained for cervical and other gen-

ital cancers and for haemato-lymphoproliferative dis-
eases such as leukaemia, myeloma and Hodgkin�s
disease. The common dominator for these neoplasms

is that they are known to be under immune surveillance.

They, including colon cancer, increase in patients that

have been immunosuppressed because of organ trans-

plantation or because of acquired immune deficiency

(AIDS) [32,35–39]. Although some other cancers also

increase, and although no increases were observed for
non-Hodgkin�s lymphoma, as noted above, the number

of immune responsive sites associating with the familial

risk of colon cancer agrees with the hypothesis of im-

mune function deficiencies as a possible mechanism of

the observed familial clustering. Among haemato-

lymphoproliferative diseases and colon cancer, the asso-

ciations were seen mainly between siblings, which could

suggest a recessive mechanism. An entirely different, but
more speculative, mechanism could be that these cancers

are mediated by the Bloom syndrome gene, BML, which

may or may not predispose to the risk of CRC, even in a

heterozygous state [17,40]. In a homozygous state,

mutations in this gene cause many neoplasms, including

leukaemias [41].

In conclusion, our results were obtained from the

largest collection of medically-verified cases of familial
cancer in the world. Most of the findings on site-specific

colon and rectal cancer associations with other sites in

family members were consistent with data on known

cancer syndromes. New associations, where rectal can-

cer was related to cervical and female genital cancers

in mothers through an unknown mechanism were ob-

served. Hodgkin�s disease and myeloma were also asso-

ciated with right-sided colon cancer. The association of
carcinoma of the renal parenchyma and skin with right-

sided colon cancer, that of leukaemia with left-sided co-
lon cancer and that of testicular cancer with rectal can-

cer await confirmation in an independent series.
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