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Background and aims: Familial risks in liver and biliary cancers have been assessed in small case
control studies, usually based on reported, but not medically verified, cancers in family members. Thus
the degree of familial clustering for these cancers remains to be established.
Methods: The nationwide Swedish Family-Cancer Database was used, covering 10.2 million
individuals for the years 1961–1998 from the Swedish Cancer Registry. Liver and biliary tract cancers
were identified from 1121 offspring between the ages of 0 and 66 years and 17 131 parents. Stand-
ardised incidence ratios (SIRs) and 95% confidence intervals (CIs) were calculated for cancers in fam-
ily members.
Results: All cancers in the liver and biliary system showed a familial SIR of 1.65 (95% CI 1.05–2.46).
This was mainly explained by a high risk for familial gall bladder cancer (SIR 5.21 (95% CI
2.07–10.80)) and for familial primary liver cancer with hepatocellular carcinoma histology (SIR 4.69
(95% CI 1.48–11.04)). For gall bladder and hepatocellular cancer, maternal transmission appeared
to be favoured. Gall bladder cancer was associated with pancreatic cancer (SIR 2.39 (95% CI 1.23–

4.18)). Primary liver cancer was associated with cervical, urinary bladder, and endocrine gland
tumours. Cancer in extrahepatic bile ducts was associated with ovarian cancer and that in ampulla of
Vater with thyroid cancer; however, these associations may have been fortuitous.
Conclusions: This study has provided the first data on familial clustering of liver and gall bladder can-
cers, based on medically confirmed records. The risks were so high that heritable factors were likely to
contribute, possibly modified by environmental factors. The demonstration of candidate genes would
help to further characterise the familial risks.

The International Classification of Diseases revision 7
(ICD-7) distinguishes four groups of primary liver and
biliary tract tumours by organ sites under code 155: liver

(ICD-7 code 155.0), gall bladder (155.1), extrahepatic bile
ducts (155.2), and ampulla of Vater (155.3). The incidence of
the first two is approximately 5/100 000 and that of the latter
two below 1/100 00 in Sweden, but the rates show wide inter-
national variations depending on the distribution of the envi-
ronmental risk factors.1–3 Sweden, northern Europe, and the
White US population belong to low risk areas because of the
low prevalence of the risk factors: chronic infection by hepati-
tis B or C virus, cholangiogenic liver flukes, ingestion of afla-
toxin B1 mycotoxin, and alcohol induced liver cirrhosis.2 4 The
international variation in incidence is less dramatic for gall
bladder cancer for which gall stones and some structural
abnormalities are known risk factors.2 Hepatocellular carci-
noma is a manifestation of some rare inherited metabolic dis-
eases, such as porphyria cutanea tarda and inherited haemo-
chromatosis. The biliary tract and gall bladder are affected in
hereditary non-polyposis colorectal cancer (HNPCC),2 5 and
the risk has been estimated to be almost 10-fold in mutation
carriers, based on small numbers however.6 Familial aggrega-
tion of hepatocellular carcinoma has been observed in high
risk areas and chronic hepatitis B carries, but to what extent
the results show shared environment or inherited susceptibil-
ity remains unknown.7 8 Case reports of familial aggregation
of liver cancer, and ethnic differences in the incidence, have
been used as an argument for familial risk, but neither type of
evidence can prove the case.2 9 In one epidemiological study, a
2.4-fold risk of liver cancer was observed between first degree
relatives.10 In this study, one familial case of gall bladder can-
cer was also noted whereas no increase was observed in
another study.11 Data from the Swedish Family-Cancer
Database have never been analysed separately for organs

belonging to the ICD-7 code 155, but these organs combined
have been associated with pancreatic and cervical cancers.12 13

Because of the scant population based data on familial
clustering of liver and biliary cancers, we examined familial
risks using the nationwide Swedish Family-Cancer
Database.14 The Database was updated in 2001 to include over
10 million individuals and over one million registered
tumours. It offers unique possibilities for reliable estimation of
familial risks because the data on family relationships and
cancers were obtained from registered sources. The present
study covered 18 252 patients with liver and biliary tumours,
compared with the previous case control study on 378 patients
and 1408 controls.10

SUBJECTS AND METHODS
The Swedish Family-Cancer Database was initially created in
the middle of the 1990s by linking an administrative family
register on all Swedish families to the Swedish Cancer
Registry.14 15 For each child there are data on both parents at
the time of birth. Each person is assigned a unique technical
identification number (which is different from the national
identification number, “personal number”) allowing con-
struction of families, for example, through the mother. The
Database includes all persons born in Sweden after 1931 with
their biological parents, totalling over 10.2 million individuals.
It was updated in 2000 to include cancers from the nationwide
Swedish Cancer Registry from the years 1958–1998. The Data-
base covers 3.2 million families, with parents and offspring.
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The completeness of cancer registration for the 1970s has
been estimated as over 95%, and is now considered to be close
to 100%. The percentage of cytologically or histologically veri-
fied cases of primary liver and biliary cancers has been calcu-
lated as over 95% throughout the operation of the Swedish
Cancer Registry.3 In an ad hoc study on gastric adenocarci-
noma, the completeness of the Cancer Registry was found to
be 98%.16 The Family-Cancer Database has an incomplete
linkage from deceased offspring to parents, particularly
among those offspring born between 1932 and 1940.14 Of a
total of 7.0 million offspring, 216 000 died by the end of follow
up at 31 December 1998. Parental information was missing
from 15 000 offspring who had a diagnosis of cancer (9.9% of
all offspring cancers). This deficit is likely to cause some inac-
curacies of familial risk estimates in the present study because
the analysed cancers have high mortality. However, because
most of the subjects with incomplete parental information
were born in the 1930s or died before 1991, we have shown
elsewhere that almost all familial cases of liver and biliary
tract cancers come from the period of minimal lack of data.17

The Swedish Cancer Registry is based on compulsory noti-
fication of cases.3 Primary liver and biliary tumours by organ
sites covered by code 155 were liver (ICD-7 code 155.0), gall
bladder (155.1), extrahepatic bile ducts (155.2), and ampulla
Vater (155.3). From 1993 onwards, ICD-O-2/ICD-IO with his-
topathological data according to the Systematised Nomencla-
ture of Medicine (SNOMED, http://snomed.org) was used; we
refer to this classification as “histopathology”. The following
ICD-7 codes were pooled in analyses between tumour sites:
“upper aerodigestive tract” cancer, codes 161 (larynx) and
140–148 (lip, mouth, pharynx), except for code 142 (salivary
glands), and “leukaemia,” codes 204–207 (leukaemias), 208
(polycythemia vera), and 209 (myelofibrosis). According to
the ICD-7 classification, lymphomas are classified as lympho-
mas irrespective of the site at which they occur.

Information on family history was collected on all first
degree relatives (parents, siblings, and children) but only the
parent-offspring relationship was used in the present study
because of the lack of affected sibling pairs. All tumour
incidence rates were based on data in the Family-Cancer
Database. Age standardisation to the European standard
population was performed. The risk of liver cancer was calcu-
lated for offspring whose parents presented with liver cancer
(parents as probands) or any other specified tumour, and their
risk was compared with the rate of these cancers among all
offspring. Some calculations were done in reverse order—that
is, offspring as probands; person years were then calculated for
parents. Results were tabulated if at least five familial pairs
were found for an ICD-7 site. Follow up was started at birth or
1 January 1961, whichever was latest. Follow up was
terminated on cancer diagnosis, death, emigration, or the
closing data of the study (31 December 1998). Standardised
incidence ratios (SIRs) were calculated as the ratio of observed
(O) to expected (E) number of cases. The expected numbers
were calculated from five year age, sex, tumour type, region,
period, and socioeconomic status specific SIRs. Confidence
intervals (95% CI) were calculated assuming a Poisson distri-
bution.

RESULTS
The Family-Cancer Database covered the years 1961–1998
from the Swedish Cancer Registry and included 1121
offspring between the ages of 0 and 66 years and 17 131 par-
ents with liver and biliary tract cancer (table 1). Liver cancer
constituted 49.6% of offspring and 39.9% of parental cases. For
gall bladder, the percentages were 27.8% and 39.6%, respec-
tively. The incidence trends for these two most common can-
cers for all men and women in the Database are shown in fig
1 for the period spanning 1961–1998. The incidence of liver
cancer increased and that of gall bladder cancer decreased over
this period. There was a more than twofold male excess in the
former and an even larger female excess in the latter. For
tumours of the extrahepatic bile ducts, there was no difference
between the sexes but for those at the ampulla of Vater there
was an almost twofold male excess (data not shown).

Familial risks for offspring liver and biliary tract cancer
were calculated by parental cancer (parents as probands, table
2). The data in this and subsequent tables were adjusted for
age, period, residential area, and socioeconomic status, all of
which may influence the incidence of these cancers. Only
those cancer sites which showed an association with at least
five offspring liver and biliary tract cancers are listed in table
2. The SIR for liver and biliary tract cancer in offspring was
2.11 (95% CI 1.25–3.34) when a mother presented with liver
and biliary tract cancer. However, from all parents, the SIR was
less (1.65 (1.05–2.46)). Offspring liver and biliary cancer was
increased from upper aerodigestive tract and pancreatic cancer
in fathers and in all parents. Parental endocrine gland
tumours were associated with liver and biliary tract cancers in
offspring, giving the highest SIR (2.34). These associated spe-
cifically with parathyroid tumours (SIR 2.92 (7, 1.16–6.06)).
Maternal kidney cancer was also a risk factor for liver and bil-
iary tract cancer in offspring.

In table 3, SIRs for organ sites under ICD-7 code 155 were
first scrutinised for offspring by parental probands and then

Table 1 Number of liver and biliary cancers in offspring and parents

Cancer site (ICD-7) Son cases Daughter cases

Offspring

Father cases Mother cases

Parents

Cases % Cases %

Liver, primary (155.0) 326 230 556 49.6 4358 2476 6834 39.9
Gall bladder (155.1) 92 220 312 27.8 1880 4904 6784 39.6
Extrahepatic bile ducts (155.2) 48 54 102 9.1 908 1025 1933 11.3
Ampulla of Vater (155.3) 51 30 81 7.2 465 333 798 4.7
All (155) 552 569 1121 100.0 7906 9216 17131 100.0

Figure 1 Age standardised incidence of primary liver and gall
bladder cancer in men and women from the Swedish Family-Cancer
Database for the years 1961–1998.
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vice versa. Only those sites where either the first or second
comparison gave a significant result are shown. Offspring liver
cancer was increased by parental cervical, bladder, and endo-
crine gland tumours, but none of these sites showed an excess
in the reverse comparison. Offspring gall bladder cancer was
increased to an SIR of 3.13 by parental liver and biliary tract
cancer, and pancreatic cancer. Also, parental gall bladder can-
cer was increased by offspring liver and biliary (SIR 1.93) and
pancreatic (1.60, 0.87–2.23) cancer. Additionally, cervical can-
cer in the proband associated with the risk of parental gall
bladder cancer to 1.63. Cancer in extrahepatic bile ducts was
increased in offspring by parental ovarian cancer to 3.83, and
the SIR was above unity (1.62), even in the reverse
comparison, although this was not statistically significant.
Ampulla of Vater tumours were increased in parents by
offspring thyroid cancer. Although not shown in table 3, it
should be noted that the SIR of gall bladder cancer was 0.64
(7, 0.25–1.33) by parental colon cancer, and the SIR for paren-

tal gall bladder cancer was 1.14 (33, 0.79–1.61) by offspring
colon cancer. No evidence was found for an association
between gall bladder and rectal cancer.

Gall bladder cancer was analysed specifically in table 4
against organ sites in the liver and biliary system. The only
significant associations were between concordant gall bladder
sites: SIRs were 5.05 for offspring and 4.09 for parents. Most
familial cases involved females and the incidence of gall blad-
der cancer was higher in females. Yet somewhat higher SIRs
were observed for offspring (of whom four were male and six
were female) from mother than from father probands, and
from offspring probands to mothers. We checked all cancers in
the family members of the 10 affected gall bladder offspring-
parent pairs. The offspring had 18 siblings, of whom only one
was diagnosed with cancer (a sister diagnosed with ovarian
cancer at age of 23 years). The diagnostic age of the offspring
with gall bladder cancer ranged from 45 to 63 years. Similar
analysis was carried out on primary liver cancers, but because

Table 2 Standardised incidence ratios (SIRs) for liver and biliary cancer in offspring by cancer in parents

Father Mother Parents

Parental cancer O SIR 95%CI O SIR 95%CI O SIR 95%CI

Upper aerodigestive tract 19 2.20 1.32 3.45 1 0.37 0.00 2.10 20 1.76 1.07 2.73
Stomach 19 0.98 0.59 1.54 10 1.05 0.50 1.94 29 1.01 0.67 1.45
Small intestine 2 1.86 0.17 6.83 3 3.09 0.58 9.16 5 2.44 0.77 5.75
Colon 16 0.90 0.51 1.46 16 0.85 0.48 1.38 32 0.87 0.60 1.23
Rectum 14 1.13 0.62 1.90 14 1.60 0.87 2.69 28 1.33 0.88 1.92
Liver and biliary 6 0.99 0.36 2.18 18 2.11 1.25 3.34 24 1.65 1.05 2.46
Pancreas 19 2.22 1.33 3.47 7 0.90 0.36 1.86 26 1.59 1.04 2.33
Lung 32 1.28 0.87 1.81 5 0.60 0.19 1.40 37 1.11 0.78 1.53
Breast 46 0.95 0.69 1.26 46 0.94 0.69 1.25
Cervix 15 1.48 0.82 2.44 15 1.48 0.82 2.44
Endometrium 15 1.25 0.69 2.06 15 1.25 0.69 2.06
Ovary 10 0.88 0.42 1.62 10 0.88 0.42 1.62
Prostate 77 1.15 0.91 1.44 77 1.15 0.91 1.44
Kidney 6 0.66 0.24 1.45 14 1.89 1.03 3.18 20 1.22 0.74 1.88
Urinary bladder 26 1.50 0.98 2.20 6 1.18 0.43 2.59 32 1.43 0.98 2.02
Melanoma 1 0.23 0.00 1.31 8 1.70 0.73 3.36 9 0.99 0.45 1.89
Skin 7 0.71 0.28 1.46 10 1.61 0.77 2.97 17 1.05 0.61 1.69
Nervous system 3 0.54 0.10 1.59 7 1.03 0.41 2.13 10 0.81 0.38 1.49
Thyroid gland 5 1.92 0.61 4.53 5 1.39 0.44 3.26
Endocrine glands 6 3.20 1.15 7.01 11 2.05 1.02 3.68 17 2.34 1.36 3.76
Non-Hodgkin’s lymphoma 6 0.91 0.33 1.98 4 0.67 0.18 1.74 10 0.80 0.38 1.47
Myeloma 4 0.93 0.24 2.40 7 1.96 0.78 4.05 11 1.40 0.69 2.51
Leukaemia 5 0.66 0.21 1.55 7 1.17 0.46 2.42 12 0.88 0.45 1.55
All 268 1.15 1.01 1.29 239 1.19 1.04 1.35 507 1.16 1.07 1.27

Values in bold type indicate that 95% confidence interval (95% CI) does not include 1.00.
O, observed.

Table 3 Standardised incidence ratios (SIRs) for cancer in the liver and biliary organs in offspring and parents

Cancer

Primary liver Gall bladder Extrahepatic bile ducts Ampulla of Vater

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

Parental cancer
Liver and biliary 8 1.26 0.54 2.50 14 3.13 1.70 5.26 1 0.70 0.00 3.99 1 0.79 0.00 4.53
Pancreas 8 1.13 0.48 2.23 12 2.39 1.23 4.18 2 1.21 0.11 4.46 3 2.12 0.40 6.26
Cervix 10 2.11 1.01 3.90 2 0.69 0.07 2.54 1 1.08 0.00 6.18 2 2.34 0.22 8.62
Ovary 5 0.96 0.30 2.26 0 4 3.83 1.00 9.91 1 1.02 0.00 5.82
Urinary bladder 21 2.06 1.27 3.15 5 0.77 0.24 1.80 0 1 0.52 0.00 3.00
Thyroid gland 2 1.18 0.11 4.35 3 2.91 0.55 8.61 0 0
Endocrine glands 8 2.34 1.00 4.64 3 1.47 0.28 4.35 2 3.01 0.28 11.07 2 3.33 0.31 12.26

Offspring cancer
Liver and biliary 11 1.61 0.80 2.89 14 1.93 1.05 3.25 2 1.00 0.09 3.68 0
Pancreas 6 0.73 0.26 1.60 14 1.60 0.87 2.69 6 2.50 0.90 5.48 0
Cervix 26 1.11 0.72 1.63 40 1.63 1.17 2.23 8 1.17 0.50 2.31 4 1.42 0.37 3.68
Ovary 23 0.98 0.62 1.48 31 1.27 0.86 1.81 11 1.62 0.80 2.91 3 1.08 0.20 3.21
Urinary bladder 27 1.42 0.94 2.07 19 0.95 0.57 1.48 6 1.08 0.39 2.37 4 1.78 0.46 4.60
Thyroid gland 11 0.89 0.44 1.59 17 1.35 0.79 2.17 1 0.28 0.00 1.61 5 3.40 1.07 7.99
Endocrine glands 23 1.18 0.75 1.78 14 0.70 0.38 1.18 1 0.18 0.00 1.02 2 0.87 0.08 3.19

Values in bold type indicate that 95% confidence interval (95% CI) does not include 1.00.
O, observed.
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of the scarceness of the data, results are not shown. However,
the offspring risk for primary liver cancer was 1.33 (2,
0.13–4.89) when the father had concordant cancer, while from
the mother it was 4.38 (4, 1.14–11.32).

Specific histopathology (SNOMED) codes were available
only for the years 1993–1998 and thus the number of familial
cases was decreased (table 5). All offspring liver cancers were
hepatocellular carcinomas, which showed a familial risk of
4.96 (n=5, 95% CI 1.69–11.04) by parental liver cancer
probands. Among the five cases, two had an affected father
(SIR 3.05, 0.29–11.21) and three had an affected mother (7.32,
1.38–21.67). The SIR decreased to 2.50 when any parental liver
or biliary tract cancer was considered in probands. Histopath-
ology at extrahepatic organs was adenocarcinoma, of which
gall bladder cancer showed an increased familial risk of 5.21
(2.07–10.80).

DISCUSSION
The Swedish Family-Cancer Database contains nationwide
family data linked to the Swedish Cancer Registry. The
primary aim in familial studies is to quantify familial
aggregation for concordant cancer—that is, the same organ
site affected in two or more related individuals. A more
advanced hypothesis would be the testing of histopathological
resemblance of familial cancer or of associations between dis-
cordant tumour sites. With an increasing number of tests, the
number of chance associations increases. For example, the
working draft for table 3 included testing of four organ sites in
the liver and biliary system against 25 discordant sites—that
is, 100 tests, of which five would be expected to produce a sig-
nificant change at the 5% level. As we only recorded increased
SIRs in table 3, two or three increases could be produced by
chance. In fact, we observed six positive findings for offspring
cancers and three for parental cancers. Methods for excluding
chance findings are consideration of biological plausibility and
consistency with previous findings. However, these offer little
support because the literature is limited on familial liver and
biliary tract cancers. Another possibility is to repeat the test or
study, which we did, in using either parents or offspring as

probands; we found this entirely independent “reverse order”
testing useful, even previously.13 18 The results may not always
need to agree, for example because of different age
distributions for the two generations. However, if they do
agree, the findings gain in credibility. Another general issue is
that familial aggregation may depend on shared genes or
environment, as discussed in the context of familial hepato-
cellular carcinoma.8 We have assessed this by comparing
familial risks and spouse correlations for a number of cancers.
No spouse correlation was observed for liver or biliary cancer,
suggesting that shared environmental effects are small
between spouses.18 19

The prevalence of risk factors for hepatocellular carcinoma
is low in Sweden. The prevalence of chronic carriers of hepati-
tis B and C virus has been estimated at approximately 0.1%
and 0.5%, respectively, in the adult population, and immi-
grants are a risk group.20 However, hepatitis C virus is
commonly associated with liver cancer in Sweden.21 Histori-
cally, per capita, alcohol consumption is low in Sweden
compared with Western European levels but consumption has
increased with a concomitant increase in mortality from liver
cirrhosis.22 The present data on familial risks were adjusted for
socioeconomic status, which should eliminate social class
related differences in familial clustering for reasons such as
alcohol consumption. The incidence of male primary liver
appeared to be increasing towards the last observation period,
covering the years 1996–1998 (fig 1). It could be speculated
that increasing alcohol consumption and influx of immigrants
may increase the incidence of primary liver cancer in Sweden.
However, the most recent incidence data for the years
1999–2000 from the Swedish Cancer Registry show a tempo-
rary downward flux,3 suggesting that no consistent upward
trend can be discerned.

The present study provided evidence on familial risks in gall
bladder cancer in the 0–66 year old population of offspring.
The risk to offspring from parental gall bladder cancer was
high (5.05) and ranks second after thyroid cancer among all
main cancers in the Family-Cancer Database.13 The SIR was
even higher (5.21) when offspring gall bladder tumours were
limited only to adenocarcinomas. There was a tendency for

Table 4 Standardised incidence ratios (SIRs) for gall bladder cancer in offspring and parents

Father Mother Parents

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

Offspring cancer Parental cancer
Gall bladder (155.1) Primary liver (155.0) 1 1.02 0.00 5.83 1 1.48 0.00 8.48 2 1.20 0.11 4.43

Gall bladder (155.1) 2 4.27 0.40 15.69 8 5.29 2.26 10.48 10 5.05 2.40 9.32
Extrahepatic bile ducts (155.2) 2 6.85 0.65 25.18 2 4.07 0.38 14.96

Parental cancer Offspring cancer
Gall bladder (155.1) Primary liver (155.0) 0 2 1.05 0.10 3.85 2 0.55 0.05 2.02

Gall bladder (155.1) 2 1.74 0.16 6.38 8 6.20 2.65 12.27 10 4.09 1.95 7.56
Extrahepatic bile ducts (155.2) 0 1 2.41 0.00 13.80 1 1.27 0.00 7.26

Values in bold type indicate that 95% confidence interval (95% CI) does not include 1.00.
O, observed.

Table 5 Standardised incidence ratios (SIRs) for primary liver and gall bladder
cancer in offspring by parental concordant site and by liver and biliary cancer

Primary liver Gall bladder

Parental cancer Histology in offspring O SIR 95%CI O SIR 95%CI

Primary liver Hepatocellular carcinoma 5 4.69 1.48 11.04 0
Liver and biliary Hepatocellular carcinoma 7 2.50 0.99 5.19 0
Gall bladder Adenocarcinoma 0 7 5.21 2.07 10.80
Liver and biliary Adenocarcinoma 0 10 3.28 1.56 6.06

Values in bold type indicate that 95% confidence interval (95% CI) does not include 1.00.
O, observed.
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higher risk in women and transmission from the mother, but
the number of cases was too small for definitive conclusions.
Whether the familial risk is related to a possible familial pro-
pensity to gall stones remains uncertain, as are the possible
shared dietary and other risk factors for gall stones.9 The rela-
tively low risk of gall bladder cancer posed by gall stones and
the lack of data on high familial risk for gall stones suggest
that other more direct mechanisms may mediate the observed
clustering.23 24 The only known syndrome which entails
tumours at gall bladder is HNPCC, but the lack of association
of gall bladder and colorectal cancer in the population or in
affected families gave no indication of the involvement of this
syndrome. The observed familial risk was high enough to
motivate a search for susceptibility genes.

Gall bladder cancer was also associated with parental pan-
creatic cancer, with an SIR of 2.39. We did not observe this
association in the familial study on pancreatic cancer but the
gall bladder was analysed together with other liver and biliary
sites.25 The association has been noted previously but the risk
was given as an excessively high 9.9.10 A third association
noted for gall bladder cancer was in parents from cervical
cancer in daughters. However, the association was not present
in the reverse analysis (offspring pancreatic cancer by
mother’s cervical cancer) and thus may be fortuitous.

Offspring cancer at extrahepatic bile ducts was associated
with maternal ovarian cancer with an SIR (3.83) of borderline
significance. However, even the reverse analyses, maternal bile
duct cancer by daughter’s ovarian cancer, showed an SIR above
unity (1.62, 0.80–2.91), which may indicate consistency in this
link. Parental ampulla of Vater tumours were increased by off-
spring thyroid cancer but no cases were recorded in the reverse
analysis, leaving the association without additional support.

Primary liver cancer showed familial clustering when
hepatocellular carcinoma histology was applied for the off-
spring cancers diagnosed in the period 1993–1998 (SIR 4.69,
95% CI 1.48–11.04; table 5). However, we analyse primary liver
data more cautiously than gall bladder data because only five
familial liver cancer pairs were identified and there were more
known environmental risk factors for liver than for gall bladder
cancer. There was evidence that the transmission was mainly
from the mother, which could be in line with vertical transmis-
sion of the viral infection.7 Thus the degree of heritability may
be less in liver cancer. These data complete the demonstration of
familial risks at all main cancer sites from the Family-Cancer
Database13 as recently even gastric, oesophageal, and pancreatic
cancers were shown to exhibit familial risk from this source.25–27

The observed SIR was higher than the positive association of 2.4
from the previously cited case control study.10 Primary liver can-
cer associated with cervical cancer in mothers, an association
that has been observed previously between all liver and biliary
tract cancers and cervical cancer, and that has been ascribed to
lifestyle factors.28 29 The association between primary liver
cancer and bladder cancer may also be explained by aggregation
of alcohol and tobacco related lifestyle factors. The relation to
endocrine tumours affected mainly parathyroid adenomas (SIR
2.93). This association was significant, and an increase in all
liver and biliary tract tumours has been observed as second
neoplasia after first parathyroid adenomas with an SIR of 1.6.30

In summary, we showed a strong familial risk in gall bladder
cancer and a significant familial clustering of primary liver can-
cer. There was limited evidenced that maternal transmission
was favoured both for gall bladder and liver cancer, which may
be consistent with vertical viral infection in hepatocellular car-
cinoma. Although environmental factors are likely to contrib-
ute, these findings call for further genetic epidemiological char-
acterisation and challenge the search for candidate genes.
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