1638 Vol. 11, 16381644, December 2002

Cancer Epidemiology, Biomarkers & Prevention

Attributable Risks of Familial Cancer from the Family-Cancer Database®

Kari Hemminki? and Kamila Czene

Department of Biosciences at Novum, Karolinska Institute, 141 57 Huddinge,
Sweden [K. H., K. C.], and Division of Molecular Genetic Epidemiology,
German Cancer Research Center, 69120 Heidelberg, Germany [K. H.]

Abstract

Population attributable faction (PAF) shows the
proportion of the disease that could be prevented if the
cause could be removed. PAFs for most types of familial
cancer have not been determined. We used the Swedish
Family-Cancer Database on 10.2 million individuals and
688,537 parental and 116,741 offspring cancers to
calculate familial risks, proportions of affected
individuals, and familial PAFs for 28 neoplasms among
0-66-year-old offspring. The data were calculated by an
exact proband status in the nuclear families. The familial
risks for offspring cancer were increased at 23 of 28 sites
from the same cancer in only the parent, at 17 sites from
a sibling proband and at 12 sites from a parent and
sibling proband. The highest PAFs by parent were for
prostate (9.01%), breast (3.67%), and colorectal (5.15%)
cancer. However, considering that in gender-specific
cancers, the familial effect may originate from
grandparents, the PAFs for prostate and breast cancer
could be multiplied by 2. The PAFs for the sibling history
of prostate, breast, and colorectal cancers were 1.55, 2.85,
and 1.23% and for the parent and sibling history 0.99,
0.42, and 0.48%, respectively. Because of mutually
exclusive proband definition, the PAFs were additive,
giving a total PAF of 20.55% for prostate, 10.61% for
breast, and 6.87% for colorectal cancer. The present PAF
values give an estimate of the heritable single locus or
additive effects for cancer in nuclear families. The data
show that the familial PAF of prostate cancer was
20.55%, and breast cancer 10.61%, but for most other
sites, it was between 1 and 3%.

Introduction

Familial cancer may be attributable to shared genes, habits, or
environment among family members. Family studies are in-
formative of cancer etiology and they guide genetic research in
its gene identification and quantification efforts (1). Estimates
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of familia risk are important in clinical counseling. PAF® of
familial risk defines the proportion of a particular cancer that is
related to familial clustering and that could be gained if familial
cancer could be prevented, which may be a science and health
policy issue (2). In practice, familial cancers cannot be com-
pletely prevented, but PAF shows the weight of familial causes
compared with other causes of cancer. Familia cancer can be
defined through different probands, parents, siblings, offspring,
their combinations, or al first-degreerelatives, with genetic and
clinical implications. Any recessive effects would be seen only
among siblings, and if the sibling risks are higher than the risk
between parents and offspring, different genetic or environmen-
tal mechanisms may underlie (3). Unfortunately, the ambiguous
term first-degree relative has been widely used in genetic epi-
demiology of cancer. Although some studies have considered
the number of affected family members, practically no study
has compared independent groups of probands. Such independ-
ent groups of probands are needed for an unbiased calculation
of PAFs. These definitions have also clinical significance: the
doctor sees a sibling or a child of a proband, not his or her
first-degree relative. The son’srisk for prostate cancer is 2.7 if
only the father is affected, but it is 23.7 if a brother is addi-
tionally affected, a difference with profound effects for clinical
counseling (4).

Numerous family studies have been carried out; aone on
breast cancer, 52 studies were recently reanalyzed (5), and on
prostate cancer, >30 case-control and cohort studies are avail-
able (6—8). Family studies usualy report familial risks, but
they rarely estimate PAFs. Among the numerous family stud-
ies, only a few are population-based cohort studies, believed to
be the most reliable type of epidemiological study, and almost
all of them are based on reported rather than medically verified
cancers in family members, which may be a source of serious
bias (9, 10). Many of these problems can be avoided if family-
based population databases can be linked to cancer registers, as
has been accomplished in a few instances (11-13). The Swed-
ish Family-Cancer Database is unique in this regard because it
includes practically the whole population in families starting
from year 1932 and identifying all cancers in the family mem-
bers based on the nationwide Cancer Registry. The Family-
Cancer Database has been updated several times, and familial
risks have been published from some of its previous versions
(4, 14, 15). Here we use the 2001 update of the Database,
covering now 10.2 million individuals and >1 million tumors
to quantify familial risks of al main types of cancer in offspring
by three mutually exclusive family relationships, using a parent
only, a sibling only, or both as probands, to respond to the
clinical counseling situation. These familia risks are used to
caculate PAFs for these cancers, most of which lack any
previous data. The results define the proportion of invasive

3 The abbreviations used are: PAF, population attributable faction; SIR, standard-
ized incidence ratio; Cl, confidence interval.
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cancer at different sitesfor a0—66-year-old population that can
be ascribed to familial causes within nuclear families.

Subjects and Methods

The Swedish Family-Cancer Database, updated in 2001, in-
cludes people born in Sweden after 1931 with their biological
parents, totaling over 10.2 million individuals (16, 17). The
Database is organized in 3.2 million families, with parents and
offspring. Cancers were retrieved from the nationwide Swedish
Cancer Registry from years 1958 to 1998. In the 2001 update,
the number of invasive cancers in the second generation, off-
spring, was 157,000. A four-digit diagnostic code according to
the 7th revision of the International Classification of Diseases
(ICD-7) was used together with histology codes. Cancer sites
and the corresponding 1CD-7 codes are shown in tables. Oral
cancer included lip, mouth, tongue, pharynx, and larynx. The
specific histologies were considered for small intestine, where
only carcinoid tumors were included, and for colorectum,
where only adenocarcinoma was included. Skin cancer only
included squamous cell carcinoma.

The completeness of cancer registration in the 1970s has
been estimated to be >95% and is now considered to be close
to 100%. The percentage of cytologically or histologicaly
verified cases of cancer has been close to 100% (18). The
Family-Cancer Database has an incomplete linkage from de-
ceased offspring to parents, particularly among those offspring
born between 1932 and 1940 who died before 1990. Of a total
of 7.0 million offspring, 216,000 have died by the end of
follow-up. Parental information was missing from 15,600 dead
offspring who had a diagnosis of cancer (9.9% of all offspring
cancers). Only families with complete data on both parents
were included.

Because there is incomplete information in the Database
about death among cancer cases between years 1958 and 1960,
we used the follow-up period between January 1, 1961, and
December 31, 1998. SIRs were used to measure the cancer risks
for offspring according to occurrence of cancersin their family.
SIRs were calculated for offspring whose parent only, sibling
only, or parent and sibling had the same concordant cancer, i.e.,
using parents only, sibling only, or parent and sibling as pro-
bands. Follow-up was started for each offspring at birth, im-
migration, or January 1, 1961, whichever came latest, inde-
pendently of proband diagnosis. Follow-up was terminated on
diagnosis of first cancer, death, emigration, or the closing data
of the study, December 31, 1998. In the Family-Cancer Data-
base, aging offspring become parents in due course. Such
individuals are considered independently, first as offspring,
then as parents. Concordant cancers are extremely rare in three
generations, and dependence between the individuals has not
been of concern in anaysis. When more than two affected
offspring were found in any family, they were counted as
independent event.

Age-specific incidence rates in offspring were calculated
by the 5-year diagnosis ages. Parents' ages were not limited but
offspring were 0—66 years of age. Data were shown for ICD-7
sites only if at least two familia pairs were identified for the
particular proband status. SIRs were used as estimates of rel-
ative risk. They were calculated as the ratio of observed (O) to
expected (E) number of cases. The expected numbers were
calculated from 5-year-age-, sex-, tumor type-, period- (10-year
bands), socioeconomic status- (four groups), and residential
area- (two groups) specific standard incidence rates for al
offspring lacking family history (19). For each of the 28 types
of cancer analyzed, we used three reference datasets for the

calculation of expected numbers: (a) offspring with no family
history in parents; (b) offspring with no family history in
siblings; and (c) offspring with no family history in parents nor
siblings. Cls were calculated assuming a Poisson distribution
(19). Risks for siblings were calculated using the cohort
method, described elsewhere (3).

The PAF of cases with a family history of cancer was
estimated as follows: proportion of cases with a family his-
tory X (familia SIR-1)/familial SIR, as defined by Miettinen
(20, 21). Note that SIR in the present paper was an estimate of
relative risk, i.e., the expected numbers were calculated for
those lacking a family history. For siblings, the SIRs were
calculated only in families of two or more siblings, as given
earlier (3). The proportion of cases with a sibling history was
obtained by taking the number of affected siblings in families
of two or more affected and dividing this by the number of
affected siblings in families of at |least one affected sibling. The
calculation of SIRs for cancer in al families or in families of
two or more offspring gave essentially similar results. PAF was
calculated separately for each mutually exclusive family his-
tory. In gender-specific cancers, calculations are aso shown
when the PAF from the available parent were multiplied by 2,
assuming that both parental lineages contribute equally to the
familial risk.

Results

In the Database, there were 688,537 parents and 116,741 off-
spring with any invasive cancer. There were 4850 affected
parent-offspring pairs with only one affected offspring, 1428
sibling pairs without an affected parent, and 190 triplets of an
affected parent and two affected offspring. Table 1 shows
familial SIRs for offspring when only a parent had the same
cancer. In this and subsequent tables, data are shown when at
least two familial pairswereidentified. Table 1 also shows 95%
confidence intervals, number of observed cases, familia pro-
portion, i.e., the percentage of al affected offspring who have
an affected parent, and PAF. Of the 28 shown SIRs, al but
those for small intestinal carcinoids, liver, pancreas, other fe-
male genitals, and connective tissue were significantly in-
creased and bolded in Table 1. The SIR (12.69) was highest for
anal cancer but only based on 2 cases; other high SIRs were for
thyroid (7.13), testis (4.58), and esophagus (3.82). Endometrial,
ovarian, prostate, skin (sguamous cell carcinoma) and nonthy-
roid endocrine gland tumors, melanoma, and myeloma had
SIRs in excess of 2.00; the remaining significant increases
ranged between 1.50 and 2.00.

Familia proportion ranged from 0.33% for connective
tissue tumors to 15.34% for prostate cancer. SIR and familial
proportion were used to calculate familial PAF; the calculation
was done for each cancer site, irrespective of the significance of
the familial risk. The PAFs ranged from 0.10% for connective
tissue tumors to 9.01% for prostate cancer. Other cancers with
alarge PAF were colorectal adenocarcinoma (5.15) and breast
(3.67), lung (2.93), and skin (2.11) cancer. In parentheses, we
also show the doubling of PAF for gender-specific cancersif it
is assumed that both parental lineages contribute equally to the
familial risk.

Familial risksand PAFsare shown in Table 2 for offspring
who only have asibling history. Of 21 sites, all but oral, gastric,
pancreatic, and skin cancer were significant, and for esophageal
and liver, not 2 cases were available. High SIRs were recorded
for testicular (10.02), thyroid (7.65), and kidney (5.25) cancers.
Even for the other sites of significant increases, the SIRs were
higher than those shown in Table 1. Yet, these data are not
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Tablel SIRs, familial proportions (% of affected offspring with affected parent), and PAFs for offspring with parental history

Cancer site ICD-7/histology SIR 95% ClI o? Proportion (%) PAF (%)
Oral 140-1, 143-8, 161 1.52° 1.02 211 35 152 0.52
Esophagus 150 3.82 1.38 7.50 7 151 112
Stomach 151 151 111 1.98 60 4.15 141
Small intestinal carcinoids 152/086 8.86 0.84 25.40 2 0.85 0.76
Colorectal adenocarcinoma 153-4/096 2.04 1.87 222 653 10.11 515
Anus 1/541 12.69 1.20 36.36 2 0.81 0.74
Liver 1556 153 0.98 221 29 225 0.78
Pancreas 157 152 0.98 217 34 271 0.93
Lung 162-3 1.90 167 215 280 6.19 293
Breast 170 1.80 1.72 1.88 1973 8.26 3.67 (7.34)°
Cervix 171 1.95 155 2.40 92 191 0.93 (1.86)
Endometrium 172 2.74 2.16 3.39 91 3.07 1.95(3.90)
Ovary 175 291 2.38 3.49 119 2.87 1.88(3.77)
Other female genital 176 3.03 0.29 8.67 2 0.50 0.34(0.67)
Prostate 177 242 221 2.65 507 15.34 9.01 (18.02)
Testis 178 4.58 2.56 7.19 15 0.41 0.32 (0.64)
Kidney 180 167 1.28 2.10 65 2.26 0.90
Bladder 181 173 1.44 2.04 126 381 161
Melanoma 190 254 222 2.88 231 2.36 143
Skin 191 2.39 1.85 3.01 69 3.62 211
Nervous system 193 1.63 1.38 1.90 155 1.64 0.63
Thyroid 194 7.13 543 9.07 55 2.00 172
Endocrine 195 2.23 1.68 2.85 57 147 0.81
Connective tissue 197 1.46 0.46 3.03 5 0.33 0.10
Non-Hodgkin's lymphoma 200, 202 1.76 1.40 2.16 83 1.83 0.79
Hodgkin's disease 201 3.02 155 4.97 12 0.50 0.34
Multiple myeloma 203 2.33 127 372 14 172 0.98
Leukemia 204-9 153 117 1.95 59 118 0.41

20, observed cases with affected parent.
b Bold type: 95% CI does not include 1.00.
¢ In parentheses, we show the doubling of PAF for gender-specific cancers.

comparable because al offspring were =66 years old, whereas
their parents could be at any age. Because of the age limitations,
familia proportionsin Table 2 were smaller for most sites than
thosein Table 1. Testicular tumors with relatively young age of
onset were the exception; the proportion was 2.30%, higher
than their proportion in Table 1. PAFs ranged from 0.03% for
oral cancer to 2.85% for breast cancer; even testis cancer with
a PAF of 2.07% was high in this group.

Table 3 shows the same parameters for the parent and
sibling family history for the limited number of sites in which
such clusters were scored. Some of the SIRs were remarkably
high, 5198 for small intestinal carcinoids and 244 for thyroid,
53 for endocrine, 25 for endometrial, and 27 for ovarian tumors.
In contrast, the SIR breast cancer was not higher than 2.82. The
familia proportions were small, and the resulting PAF equally
so. The highest PAF was for prostate cancer, shown as 0.99%.

The data shown in Tables 1 to 3 by mutually exclusive
proband status are additive on familial proportion and PAF. The
sum figures are shown in Table 4. The proportions have in-
creased to 18.58% for prostate, 14.56% for breast, and 12.51%
for colorectal cancers. The sum PAFs for these sites have
increased to 11.55, 6.94, and 6.87%, respectively. Considering
gender-specific cancers and the possibility that both parental
lineages contribute equally to the familial risk, results in an
increase in PAFs as shown in the parentheses. PAF for breast
cancer was increased to 10.61% and that of prostate cancer to
20.55%.

Discussion
Most of the cancer sites studied showed a significant familial
effect, which is largely in agreement with the abundant litera-

ture on some of the main sites. The familial risk of al site-
specific cancer in the Swedish Cancer Registry has been re-
ported to be 1.80 (22). The main question is of course what
proportion of the familial risk can be ascribed to heritable and
environmental components. Because of interactions, this ques-
tion cannot be precisely answered and it may even seem tau-
tological. However, it is the question that the twin model,
comparison of monozygotic and dizygotic twins, has been
traditionally used to answer for al diseases, including cancer.
Maximal concordance between twin pairs for atrait or disease
is 100%, and this can be apportioned to heritable and environ-
mental variance components. According to the twin data, ran-
dom environmental variance is the main component of cancer,
in agreement with epidemiological studies (23-25). In twin
studies, shared environmental component would indicate the
environmental component of familial risk. Among 11 site stud-
ies, it was not statistically significant for any site; however, in
sites where the heritable component was significant, including
colorectum, breast, and prostate, it represented 12, 18, and 10%
of the sum of heritable and shared environmental effect, re-
spectively (24). Comparison of cancer risks between spouses
from the Family-Cancer Database indicated significant shared
effects only for stomach and lung cancer, which together with
the twin data suggest that the main component of familial
clustering is heritable, for cancers that lack strong environmen-
tal risk factors (26, 27).

Familial Risks. We have no possibility to discuss the present
findings in terms of the global literature on familia risks.
Instead, we refer to the earlier site-specific publications from
this Database and to summaries of al main sites covered from
the earlier versions of the Database (4, 14, 15). The data
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Table2 SIRs, familial proportions (% of affected cases with affected sibling), and PAFs for sibling history

Cancer site 1CD-7/histology SIR 95% ClI o Proportion (%) PAF (%)

Oral 140-1, 143-8, 161 117 0.31 2.60 4 0.22 0.03
Stomach 151 119 0.11 3.40 4 0.34 0.05
Colorectal adenocarcinoma 153-4/096 3.01° 240 3.69 91 1.85 123
Pancreas 157 1.69 0.16 4.85 2 021 0.09
Lung 162-3 255 1.83 337 46 131 0.79
Breast® 170 2.02 1.87 217 727 5.65 2.85
Cervix® 171 215 1.43 3.02 30 1.07 0.57
Endometrium® 172 3.30 211 4.75 22 1.47 1.03
Ovary® 175 2.82 1.87 395 30 135 0.87
Prostate” 177 3.72 2.60 5.03 34 212 155
Testis? 178 10.02 7.38 13.05 48 230 2.07
Kidney 180 5.25 3.43 7.47 28 1.20 0.97
Bladder 181 184 1.05 2.85 16 0.62 0.28
Melanoma 190 3.03 254 3.56 141 1.78 119
Skin 191 249 0.89 4.87 6 0.40 0.24
Nervous system 193 2.10 1.63 2.64 66 0.81 0.43
Thyroid 194 7.65 5.16 10.64 32 137 119
Endocrine 195 3.84 2.62 5.28 32 101 0.74
Non-Hodgkin's lymphoma 200, 202 261 1.73 3.67 28 0.75 0.46
Hodgkin's disease 201 7.13 3.88 11.35 14 0.68 0.59
Leukemia 204-9 353 230 5.01 26 0.60 0.43

20, observed cases with affected sibling.

b Bold type: 95% CI does not include 1.00.

¢ Families with =2 daughters.

d Families with =2 sons.

Table3 SIRs, familia proportions (% of affected offspring with affected parent and sibling), and PAFs for parent and sibling history
Cancer site 1CD-7/histology SIR 95% ClI o? Proportion (%) PAF (%)

Small intestinal carcinoids 152/086 5,197.51° 489.97 14,896.73 2 1.08 1.08
Colorectal adenocarcinoma 153-4/096 7.74 5.09 10.93 27 0.55 0.48
Lung 162-3 4.04 1.05 8.97 4 0.11 0.09
Breast® 170 2.82 225 3.45 84 0.65 0.42
Endometrium® 172 24.61 8.86 48.25 6 0.40 0.39
Ovary® 175 27.31 9.83 53.53 6 0.27 0.26
Progtate” 177 8.74 5.17 13.25 18 112 0.99
Bladder 181 12.50 325 27.75 4 0.16 0.14
Melanoma 190 10.21 4.86 1751 10 0.13 0.11
Nervous system 193 14.93 6.37 27.06 8 0.10 0.09
Thyroid 194 24351 135.87 382.34 15 0.64 0.64
Endocrine 195 52.60 18.93 103.12 6 0.19 0.19

20, observed cases with affected parent and sibling.
b Bold type: 95% CI does not include 1.00.

¢ Families with =2 daughters.

d Families with =2 sons.

presented in Tables 1 to 3 were controlled for a number of
variables and because of the size and coverage of the Database,
they should give the reference values for familial risks for a
0—66-year-old population.

To our knowledge, no other groups have used the defini-
tion of mutually exclusive proband categoriesthat we usein our
tables. The specific proband statusis not only clinically useful,
but it may have genetic connotations. The parent history could
be because of dominant heritable effects, sibling history (with-
out an affected parent) attributable to recessive or X-chromo-
some linked effects, and parent and sibling history attributable
to high penetrant dominant effects. An aternative interpretation
may be that the first two histories show low penetrant dominant
effects. Sibling risk can aso be because of shared childhood
environmental effects such as infections. A direct comparison
of SIRs between Tables 1 and 2 is not justified because of
the age truncation in Table 2. However, we have truncated the

parental ages to 66 years in some earlier publications, and the
result has been only amodest increase in SIRsfor offspring (28,
29). Thus, the large differences between sibling risk in Table 2
and offspring risks in Table 1 for e.g., testicular and rena
cancers and Hodgkin's disease, are not because of age trunca-
tion, and they call for other explanations.

We would like to point out some sites for which familial
data are not available or they are limited. For ora cancer,
previous data have covered only the lip (30). Anal cancer
showed a high risk from the parents but only two cases were
identified. The anusis a site for human papilloma virus-related
cancers, and an infectious etiology may be considered similar to
cervical cancer (31). Familial aggregation of lymphohemato-
poietic malignancies has been previously described, but many
studies are small patient series (30, 32-36). The higher risk
among siblings than offspring-parents may suggest childhood
infections as etiological factors.
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Table4 SIRs, familial proportions (% of affected cases with affected family member), and total PAFs

Cancer site 1CD-7/histology o2 Proportion (%) Total PAF (%)

Oral 140-1, 143-8, 39 174 0.55
161

Esophagus 150 7 151 1.12
Stomach 151 64 4.49 1.46
Small intestinal carcinoids 152/086 4 1.93 1.83
Colorectal adenocarcinoma 153-4/096 771 12,51 6.87
Anus 1/541 2 0.81 0.74
Liver 155-6 29 2.25 0.78
Pancreas 157 36 292 1.01
Lung 162-3 330 7.61 381
Breast 170 2784 14.56 6.94 (10.61)°
Cervix 171 122 297 1.50 (2.43)
Endometrium 172 119 4.94 3.36(5.31)
Ovary 175 155 4.50 3.02 (4.90)
Other female genital 176 2 0.50 0.34 (0.67)
Prostate 177 559 18.58 11.55 (20.55)
Testis 178 63 271 2.39(2.71)
Kidney 180 93 3.46 187
Bladder 181 146 4.59 2.03
Melanoma 190 382 4.27 2.74
Skin 191 75 4.02 2.35
Nervous system 193 229 255 1.15
Thyroid 194 102 4.02 3.56
Endocrine 195 95 2,67 174
Connective tissue 197 5 0.33 0.10
Non-Hodgkin’s lymphoma 200, 202 111 2.58 1.25
Hodgkin's disease 201 26 1.18 0.92
Multiple myeloma 203 14 1.72 0.98
Leukemia 2049 85 1.78 0.84

20, observed cases with affected family member.

b |n parentheses, we show the doubling of PAF for parental history in gender-specific cancers.

The high SIRs noted for parent and sibling history indicate
heritable effects through high penetrant genes. Some suscepti-
bility genes have been identified for colorectal adenocarcinoma
and endometrial cancer, for breast and ovarian cancer, for
melanoma, and for nervous system, thyroid, and endocrine
tumors (37, 38). Although the identified genes explain only a
small proportion of familia clustering of cancer, they may
explain a large proportion of the high penetrant families of
Table 3. However, it is remarkable that for small intestinal
carcinoids, lung, prostate, and bladder cancer and leukemia, no
susceptibility genes have yet been unambiguously identified,
although for prostate cancer, candidate genes have been put
forward (10, 39—-42).

The significance of familial risk is often underestimated
from SIRs that are derived for the whole population, because
the population SIR is usualy the sum effect from families of
marginally increased familial risk to those rare families with a
very high risk. For example, hereditary nonpolyposis colorectal
cancer, the most prevalent cancer syndrome known, only causes
a familia risk of 1.5 for colorectal cancer in the Finnish
population, despite predisposing the mutations carriers to a
70-fold risk of colorectal cancer (43-46). Carriers of rare
mutations of even very high risk may contribute only negligibly
to the population risk of a common cancer (47).

Population Risks. PAFs have been commonly calculated for
environmental exposures, but for familial cancer, limited data
are available (48, 49). Even the concept of PAF for family
history isless concrete than that for an environmental exposure
such as smoking or asbestos. Genes are inherited from parents,
and thus the mechanistically interpreted PAF for heritable ef-
fects should only consider the parent-offspring relationship.

However, because of low penetrance, this single family rela-
tionship would underestimate the magnitude of heritable ef-
fects.

The PAF values give an estimate on the heritable effects
for cancer when only nuclear families can be studied for single
locus or additive effects (48, 49). The independence of the
contributing risks from different proband categories is a pre-
requisite to make the PAFs additive. In the literature, no uni-
form way of presenting familial PAF has been agreed upon, and
consequently, the cited values show a large variation such as
from 2.5 to 19% for breast cancer (50-53). The terms first-
degree or second-degree relative appear imprecise in this con-
text because of difficultiesin defining the ages and numbers of
the relatives (54). Even the PAF for siblings depends on the
average family size. Another problem in a gender-limited can-
cer is that the effects to e.g., daughters' breast cancer could be
transmitted by the paternal grandmother, on whom information
is lacking (55). Technicaly, this issue could be handled by
considering in the PAF calculation that both the maternal and
paternal lineage can contribute equally to the risk in daughters
and, hence, the multiplication of the derived parental PAF with 2.

The highest PAF, 20.55%, was noted for prostate cancer.
However, PAF is afunction of age, and for prostate cancer, the
age range, 0—66 years, covered in the present study is a young
age, and the population would be enriched in familia cases. In
afully aged population, the PAF for prostate cancer would be
expected to be lower. PAF for breast cancer was 10.61%, for
colorectal adenocarcinoma 6.87%, for lung cancer 3.81%, and
for thyroid cancer 3.56%. Even for cancer of very high familial
risk, testicular cancer, the PAFs were no higher than 2.71%. An
interesting question is the correspondence of PAFs to the her-
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itability estimates derived from twin studies or family relation-
ships modeled from this database. The heritability estimates
from the twin study for colorectal, breast, and prostate cancer
were 35, 27, and 42%, respectively, thus 2-5 times higher than
the present estimates. Using the modeling that has been devel-
oped for twin studies but applying it to the family data set gave
heritability estimates of 13% for colon and rectal cancer and
25% for breast cancer, whereas prostate cancer was not ana-
lyzed (38). One reason for the difference between the present
and the twin estimatesis the inability of this study to fully cover
low penetrant and polygenic effects. Low penetrant gene effects
will make familia patterns difficult to observe but they affect
monozygotic twins. In conclusion, the data suggest that apart
from prostate, breast, and colorectal cancer, familial risks ob-
servable in nuclear families contribute a small etiological pro-
portion. However, in the families affected with high penetrant
gene mutations, the risks may be very high and preventable to
a certain degree.
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