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The Swedish Family-Cancer Database was expanded to include all Swedes born in 1932 and later (offspring) with their parents, totaling
10.2 million individuals. Cancer cases were retrieved from the Swedish Cancer Registry from the years 1958 to 1998, including over 1
million primary cancers and in situ tumors. Some 10% of offspring diagnosed with cancer lack any parental information. Incidence rates
of cancers were similar in the database and in the Cancer Registry to age 70, but at higher ages the rates in the Database were lower,
probably because of selection. The familial risk for all types of cancer in offspring was 1.73 when a parent had the same type of cancer.
The familial rates were increased for all main cancer sites, except for the upper aerodigestive tract, stomach, liver, pancreas and bone
marrow (leukemia). The rates were 7.47 for thyroid, 4.69 for testis, and over 2.00 for melanoma, ovary, prostate, skin, endocrine glands

and endometrium.
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Cancer is a multifactorial disease, caused by environmental
and inherited events which transform a benign cell into a
malignant cell through a sequence of molecular changes (1,
2). Most cancers are sporadic but some 1-5% are caused
by single-gene, dominant traits (3). There are no estimates
for the contribution of polygenic or recessive conditions on
cancer but studies of twins suggest that such effects are
important (4, 5). Familial aggregation of cancer may be
due either to environmental factors shared by family mem-
bers or to shared genes (6). Familial clustering has been an
avenue to the understanding of cancer etiology and has
been the basis for clinical decisions and counseling, as well
as guiding the identification of cancer-related genes.
Traditionally, familial clustering of cancer has been
studied in the clinical setting where probands and their
multiple affected family members have been identified (3,
7). This approach has also been productive in terms of
understanding cancer genetics. Many forms of cancer in
which a single gene poses a high risk have been identified.
The disadvantages include difficulties in obtaining large
numbers of cases and in securing unbiased risk estimates.
Estimation of risks at sites other than the index site has
also been cumbersome. Of the 4700 dominant and 2 800
recessive human genetic traits known in the early 1990s
(8), some 440 were single-gene traits in which cancer was a
complication; many of them were extremely rare, with only
a few identified families world-wide (9). Clinical observa-
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tion probably works for dominant diseases when these
pose a risk of between 10 and 100, or more, above the
population rate of the disease. For recessive conditions,
clinical observation is less sensitive, and most of the results
on recessive conditions have come from isolated popula-
tions with high rates of consanguineous marriage. Formal
epidemiological studies have had little impact on defining
new familial traits. Analytical epidemiological studies have
been used for either hypothesis generating or quantifying
the known risks. The Utah Population Database has also
been used in quantifying known risks (10) or in gene
identification. Studies of twins offer a third alternative for
the genetic epidemiology of cancer. Dissection of heritable
and environmental components is possible in such studies
and the risk estimates should be robust. However, because
of the rareness of twinning, even the large twin registers
allow for risk estimation at the most common sites only
(5). Few population-based studies for the identification of
recessive cancers have been undertaken, which probably
explains the current lack of knowledge in this area (11).
Statistics Sweden has maintained a nation-wide family
register since 1995 and this has been a unique source for
genetic epidemiological studies. We combined this register
with the Swedish Cancer Registry to form the Swedish
Family-Cancer Database for the first time, in 1996. In the
beginning of 2001, after some 70 papers had been pub-
lished or submitted, the fourth version of the Database
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Fig. 1. the data linkage for the Family-Cancer Database.

was ready to be used. In the present article we describe
some details of the structure of the Database and report
the current familial risks for common cancers.

MATERIALS AND METHODS

Statistics Sweden maintains a ‘Multigeneration Register’
where children (offspring) born in Sweden in 1932 and
later, are registered with their biological parents (those
pleading parenthood at birth) as families. The data are
complete, barring registration mistakes and inaccuracies,
which mainly affect those born in the 1930s, and some
groups of emigrants and immigrants. In addition, linkage
to parents is incomplete in some groups of deceased off-
spring, as shown in the Results section of this article. This
register was linked by the individually unique national
registration number to the Cancer Registry from the years
1958-1998 (Fig. 1). Cancer registration is considered to be
close to 100% currently (12). A four-digit diagnostic code
in accordance with the 7th revision of the International
Classification of Diseases (ICD-7) and subsequent ICD
classifications is available. Cancers are also recorded ac-
cording to the first or subsequent primary cancer, and
cancer in situ. Additional linkages were carried out both to
the national census data to obtain socioeconomic back-
ground data and to death notifications, for vital status
determination. These were done at Statistics Sweden.
Those who did not have a national registration number
could not be linked. In the final matched records, these
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numbers were removed so that individuals cannot be iden-
tified in the Family-Cancer Database.

Familial risks were calculated for offspring whose par-
ents had the same, concordant cancer, i.e., using parents as
probands. In the Family-Cancer Database ageing offspring
become parents in due course. Such individuals are consid-
ered independently, first as offspring, then as parents.
Concordant cancers are extremely rare in three genera-
tions, and the dependence between the individuals has not
been of concern in analysis. Standardized 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-, sex- and tumor-type-specific
standard incidence rates (13). Confidence intervals (95%
CI) were calculated assuming a Poisson distribution (13).

RESULTS

A scheme for linking the Multigeneration Register on over
10 million individuals with the Swedish Cancer Registry,
national census data and death notifications is presented in
Fig. 1. The linkage between the Multigeneration Register
and Cancer Registry resulted in the identification of
914 580 patients with cancer. These included 602 663 first
primary cancers among the parental (first) generation and
157 777 first primary cancers among the offspring (second)
generation (Table 1). The father/son and mother/daughter
lines in Table 1 indicate those offspring who have become
parents in the course of follow-up. The number of multiple
primaries was 67 178 (8.8% of the first cancers) and that of
in situ cancers 216 567.

The longitudinal structure of the Family-Cancer Data-
base is shown in Fig. 2. The Database contains offspring
who were born in Sweden after 1931, with their parents
registered at the time of birth. Some mothers and a larger
number of fathers were born in the 1800s, the oldest father
born in 1864. The annual accumulation of cancer cases to
the parental and offspring generation in the Family-Can-
cer Database is shown in Fig. 3. The offspring generation
has far fewer cases than the parental generation but the
increase among the offspring generation is steep owing to
advancing age. The sum of parental and offspring cancers
is larger than the total sum of cases because older off-

Table 1

Number of cancer notifications for first and multiple primary invasive and in situ cancers in the
Family-Cancer Database, 1958—1998

First primary Multiple primary In situ All
Father 318 878 30 533 27 308 376 719
Mother 283 785 28 299 64 318 376 402
Father/son 35766 1530 3986 41282
Mother/daughter 63 376 3887 97 688 164 951
Son 27 485 1 056 1710 30 251
Daughter 31150 1873 21 557 54 580
All 760 440 67 178 216 567 1044 185



774 K. Hemminki et al.

Offspring
born

Acta Oncologica 40 (2001)

Registration of cancer cases

Parents born

1900 1932

1958 1998

Fig. 2. Longitudinal structure of the populations and cancer registration in the Family-Cancer Database. The oldest parent is from 1864.
The oldest offspring are from 1932. The Swedish Cancer Registry was started in 1958.

spring have become parents and contribute cases to both
groups.

The linkage of offspring to their parents was partially
incomplete among the deceased individuals, particularly
among those who died before the 1990s. According to
Table 2, 2.2% of the more than 7 million offspring had
cancer, and 97.6% had a link to at least one parent. The
linkage was 98.8% among those alive as of the end of
1998. Among the deceased 216 550 individuals, the linkage
existed among 71.3%. There was a shortage of parental
information on 15560 deceased offspring, who had been
diagnosed with cancer; this was 7.2% of the deceased
offspring and implied that 9.8% of all offspring with
cancer had no links to parents. Offspring who died before
1960 are missing from the Database.

The incidence of cancer in the Family-Cancer Database,
generated by person-years calculated within the Database,
was compared with the incidence in the Cancer Registry
(Fig. 4). For all cancers, the incidences in the Database
and the Cancer Registry were very similar up to about age
70 but thereafter the rate in the Database dropped in
relation to the Cancer Registry (Fig. 4A). For pancreatic
cancer, a fatal cancer, the same relationships held but the
difference between the two sources was larger, particularly
among the 80-84-year-olds (Fig. 4C). For squamous cell
skin cancer (a cancer with a good prognosis) and breast
cancer, the incidence rates did not differ much between the
two databases (Fig. 4B and D). Of course, the data could
have been analyzed by adjusting for birth cohort, period,
region and other possible variables that might affect the
incidence of cancer. However, the nearly superimposable
age-incidence curves up to age 70 between the Cancer
Registry and the Family-Cancer Database show that the
rates from the two sources are fully comparable.

Familial risks were calculated for offspring by a concor-
dant parental cancer, as defined by ICD7, for sites at
which > 15 cases were recorded/gender (Table 3). Among
all offspring, all the familial risks were significantly in-
creased, except for SIRs of the stomach, liver, pancreas
and leukemia. Thyroid cancer showed the highest familial
risk, at 7.47, followed by cancer of the testis (4.69),
melanoma (2.57), ovary (2.34), prostate (2.20), endocrine

glands (2.17) and endometrium (2.12). When both off-
spring and their parents were diagnosed before the age of
50, almost all SIRs were increased, thyroid exceeding a
SIR of 20, and colon, rectum, endometrium, testis and
endocrine glands exceeding a SIR of 5.

DISCUSSION

In 1995, Statistics Sweden created a family database, the
‘Second Generation Register’ (14). This initially included
offspring born in Sweden in 1941 with their biological
parents as families, 6 million individuals. It was expanded
in 1998 to 9.6 million individuals, and a further current
expansion amounting to over 10 million individuals born
in Sweden at the end of 2000. The size of the population
database is respectable in a country with a current popula-
tion of 9 million, of which almost 10% are foreign-born.
Any expansion to past generations would be laborious.
This expansion in the year 2000 included offspring born
after 1931, along with their parents, at which time the
database was renamed as the ‘Multigeneration Register’.
We have linked the Second Generation Register to the
Swedish Cancer Registry (started in 1958) to make the
Family-Cancer Database in three earlier expanded versions
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Fig. 3. Annual accumulation of cancer cases to the parental and
offspring generations of the Family-Cancer Database. The sum of
‘offspring’ and ‘parents’ exceeds ‘all’ because some offspring have
become parents and their cancers are included among parents’
cancers.
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Table 2
Number of offspring in the Family-Cancer Database in 1958-1998

Total no. of Offspring with

Offspring linked to Offspring with cancer

offspring cancer parent not linked to parent

n n % n % n %
All offspring 7017 638 157779 22 6 846 587 97.6 22271 0.3
Living offspring 6801 088 102 153 1.5 6692 209 98.4 6711 0.1
Deceased offspring 216 550 55 626 25.7 154 378 71.3 15 560 7.2

in 1996, 1997 and 1999. The number of cancers in the
second generation increased from 20 000 in 1996 to 92 000
in 1999; in the parental generation the increase was from
500000 to 600000 invasive cancers. The Family-Cancer
Database is the largest population-based data set ever used
for studies on familial cancer. In comparison, The Utah
Population Database, successfully used in many cancer
studies, has a different structure in that it contains more
than two generations, and 42000 cancers in 1994 (10).
Registers can be linked in other counties as well, but this
usually tends to be an ad hoc effort and the applications
have remained limited. Such linkages are possible, for
example, in the Nordic countries and in the UK (15-19).

Regarding the Family-Cancer Database, it is worth
pointing out that the parents are registered at the time of
birth of the child. Thus it is possible to track ‘biological’
parents, despite divorce and remarriage. The national per-
sonal registration number has now been deleted from the
Database.

The present update of the Family-Cancer Database
reached over 10 million individuals with over 1 million
notifications of cancer—some three-quarters of all tumors
in The Swedish Cancer Registry. The difference is mainly
due to the segment of the population that had no children
after 1931. By definition, they are not in the Family-Can-
cer Database but they would be recorded in the Cancer
Registry if their cancers were diagnosed since 1958. Be-
cause we calculate all incidence rates based on the popula-
tion in the Family-Cancer Database, the results are
unbiased, as discussed later. Cancers in the second genera-
tion amounted to 155000 and were far fewer than those in
the parental generation, because of age distribution. The
highest age in the offspring generation was 66 years, while
in the parental generation there was no truncation. The
controls that we have carried out have shown a good
quality of data. The problem of linking deceased offspring
to their parents, which has existed throughout the history
of the Second Generation Register, has been partially
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Fig. 4. Age-specific incidence rates of all (A), skin (B), pancreas (C) and female breast cancer (D) in the Family-Cancer Database and

in the Cancer Registry, 1958—1998.
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Table 3

SIR for concordant cancer in offspring by parental cancer
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Cancer sites

Offspring at all ages

Parent’s and offspring’s age at diagnosis

<50 years
(¢} E SIR  95%CI (¢} E SIR 95%CI

Upper aerodigestive tract 37 30.45 1.21 0.86 1.64 0.81

Stomach 66 62.58 1.05  0.82 1.32 3 1.36 2.21 0.42 542
Colon 368 21394 172 155 1.90 28 4.66 6.01 3.99 8.44
Rectum 107 69.63 154 1.26 1.84 8 0.94 8.47 3.62 15.36
Liver 31 31.82 097  0.66 1.35 0.31

Pancreas 38 31.74 1.20  0.85 1.61 0.28

Lung 305 218.81 1.39  1.24 1.55 4 2.41 1.66 0.43 3.69
Breast 2267 1344.06  1.69 1.62 1.76 247 97.93 2.52 2.22 2.85
Cervix 104 61.60 1.69 138 2.03 44 24.44 1.80 1.31 2.37
Endometrium 112 5288 212 174 2.53 9 1.73 5.21 2.36 9.17
Ovary 135 57.77 234 196 2.75 22 5.28 4.17 2.61 6.09
Prostate 551 250.48 220  2.02 2.39 0.02

Testis 15 320 469  2.62 7.37 12 1.95 6.15 3.16 10.12
Kidney 72 52.55 137 107 1.70 4 1.76 2.27 0.59 5.04
Urinary bladder 138 80.21 1.72 145 2.02 4 0.95 4.21 1.09 9.34
Melanoma 255 99.21 257 226 2.90 53 12.57 422 3.16 5.43
Skin 71 3247 219 171 2.73 0.23

Nervous system 173 124.27 1.39 1.19 1.61 50 22.19 2.25 1.67 2.92
Thyroid gland 71 951 747 583 9.31 42 1.96 2148 1547 28.46
Endocrine glands 64 29.51 217  1.67 2.73 17 2.29 7.43 4.32 11.38
Non-Hodgkin’s lymphoma 87 60.21 145 1.16 1.76 1 2.97 0.34 0.00 1.32
Leukemia 66 59.03 1.12  0.86 1.40 5 6.07 0.82 0.26 1.70
Any sites 5198 3000.74  1.73  1.69 1.78 579 196.58 2.95 2.71 3.19

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

resolved, as less than 10% of the deceased offspring with
cancer now lack a link to a parent. The main problem has
been with the introduction of the personal registration
number, which took place in Sweden in 1947, to foreign-
born individuals and to children in the early period. The
proportion of offspring without links to parents in the
current Database is so small that bias is unlikely in family
studies.

Even the incidence rates of cancers in the Family-Cancer
Database matched those in the Cancer Registry, except at
ages over 70 years. The reason for the deviation in rates
among the elderly is likely to be either population selection
or a preferential loss of old individuals diagnosed with
cancer. Population selection would be made on the basis of
the inclusion criterion of individuals to the Database: they
had to be parents to children born after 1931. A reproduc-
tive population is healthier than the total population,
sometimes referred to as the ‘healthy reproducer effect’,
possibly accounting for the deficit of cancers among the
old (20). The possibility that elderly individuals with a
cancer diagnosis were lost cannot be excluded because
some offspring lacked parental information, and death
from cancer could be one reason for the missing data.

The family data on the size and quality of the Swedish
Family-Cancer Database can have numerous applications

(14). We showed one application here, in giving estimates
on familial risks among offspring by parental cancers. The
familial rate for all cancers in offspring was 1.73 when a
parent had the same kind of cancer. The familial risks
were increased for all main cancer sites, with the exception
of the upper aerodigestive tract, stomach, liver, pancreas
and bone marrow (leukemia). The rates were 7.47 for
thyroid, 4.69 for testis, and over 2.00 for melanoma,
ovary, prostate, skin (squamous cell carcinoma), endocrine
glands and endometrium. The results are in line with those
from an earlier version of the Database, concerning a
0-53-year-old population (21), compared to the present
0-66-year-old population.

Familial risks can be calculated by any other probands
or groups of probands. For example, analysis by sibling
without an affected parent would be consistent with a
recessive mode of inheritance or early childhood environ-
mental effect, rarely studied in genetic epidemiology of
cancer (11, 22). As another alternative, the cancer status of
both parents can be considered, which may provide infor-
mation on genetic and environmental interactions, also an
area hardly touched upon outside the Family-Cancer
Database (23, 24). For some of the common cancer sites,
the number of affected individuals is so large, e.g. 2 267
offspring presenting with familial breast cancer, that many
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types of definitions of probands can be used. The data on
spouses and other non-biological family relationships al-
low an assessment to be made of the environmental effects
on cancer (6, 25). The Database includes a follow-up
period of 41 years, during which time two generations of
families will have completed their propagation of children.
Thus it is possible to assess the effects of parental age and
family characteristics on offspring cancer risks, including
the effects of family size and birth order (26). To some
extent, it is possible to collect biological specimens of
tumor samples from patients identified from the Database
through hospitals. However, whether the Database can be
used for molecular studies among a large number of
patients remains to be seen.
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