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A B S T R A C T

Aim: ‘Being at familial risk’ may have different connotations in studies on familial risk of

cancer. The register-based definition of a family history considers individuals with an

affected relative at familial risk independently of the family member’s diagnostic time.

Alternatively, the individuals are classified to be at familial risk only after the diagnosis

date of their relative, relevant to clinical counselling and screening situations. The aim

of this study was to compare familial breast and prostate cancer risks according to the

two definitions.

Patients and methods: The nationwide Swedish Family-Cancer Database with information

on cancers from 1958 to 2006 was used to calculate the hazard ratio of breast and prostate

cancers according to family history using Cox regression. Family history was defined con-

sidering the number and type of affected relatives and the relative’s diagnostic age, respec-

tively. Individuals were considered at familial risk from their entry to the study or,

alternatively, from the diagnostic time of the relative.

Results: Hazard ratios were equal whether individuals were considered at risk independent

of the relative’s diagnostic date or only after the relative’s diagnostic date.

Conclusion: These results indicate that studies on familial breast or prostate cancer risk

which do not take the relative’s diagnosis date into account are applicable to screening

and clinical counselling situations. The estimates according to the register-based definition

are based on larger numbers of patients, which may be crucial for analysis of small groups

such as families of multiple cases.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

‘Being at familial risk’ may have different connotations in

studies on familial risk of cancer. The time between diagnosis

of cancer and collection of family history information may

differ between studies. In interview-based studies on familial

risks, the individuals are classified according to the family
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history at the time of the interview, which usually takes place

shortly after cancer diagnosis.1–3 In this case, the individuals

are defined to be at familial risk only after diagnosis of their

relatives, this is the so-called ‘time-based definition’. This

definition is also germane to clinical counselling and screen-

ing situations, where increased surveillance is recommended

for individuals at familial risk of breast or prostate cancers.4 If
.
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information on familial relationships and cancer is available

from registered sources such as the Swedish Family-Cancer

Database, the period of time between diagnosis of cancer

and collection of family history may be substantial; the family

members of an affected individual might be affected during

this period and it is possible to classify as familial cases those

where relatives were affected later than probands. Two defini-

tions of family history are possible in this case: the time-

based definition considers an individual being at familial risk

only after the date of diagnosis of the relative and the ‘regis-

ter-based definition’ considers an individual being at familial

risk independently of the relative’s time of diagnosis.5–7 Mod-

els for the estimation of breast cancer risk have been devel-

oped on the basis of studies with both definitions of familial

risk. The Gail model and the Claus model rely on the studies

with family history collected by interview; the Tyrer–Cuzick

model is based on a study using the register-based definition

of family history.1,6,8,9 Therefore, a comparison of familial

risks based on the two definitions of ‘being at familial risk’

is important in order to determine the comparability of the

risk estimation models and the adaptability of the register-

based definition of family history for clinical counselling

and cancer screening situations.

In the present study, we took advantage of the Swedish

Family-Cancer Database, with complete information on can-

cers in siblings and parents between 1958 and 2006, and cal-

culated offspring and sibling risks of breast and prostate

cancers according to the register-based and time-based defi-

nitions of familial risk considering parental and sibling diag-

nostic ages. Furthermore, the familial risks were estimated

according to the number and type of diseased first degree rel-

atives for the two definitions of familial risk.
2. Materials and methods

The Swedish Family-Cancer Database was created in the

1990s by linking information from the Multigeneration Regis-

ter, national censuses, Swedish Cancer Registry and death

notifications.5 Data on family relationships were obtained

from the Multigeneration Register, where children born in

Sweden in 1932 and later are registered with their biological

parents as families. The Swedish Cancer Registry is based

on compulsory reports of diagnosed cases, with coverage of

the cancer registration close to 100%.10 The 2008 update of

the Database includes more than 11.8 million individuals

and their cancers from years 1958 to 2006. This study was

based on the individuals from the offspring generation (chil-

dren born after 1932) with linkage to both parents in the Data-

base, in total 3.9 million men and 3.7 million women. Family

history information was obtained from the complete Data-

base. The age structure of the Database implicates that the

maximum age of diagnosis in the offspring generation was

74 years. The age of the individuals in the first generation

was not limited.

We calculated the hazard ratio of breast and prostate can-

cers for the individuals with an affected first degree relative

compared to those without an affected first degree relative

using Cox regression according to the type of affected relative

(parent or sibling) considering the diagnostic age of the rela-
tive (PROC PHREG; SAS Version 9.1; SAS Institute, Cary, NC).

According to the register-based definition, the individuals

with a diseased relative entered the group with a family his-

tory from their entry to the study. According to the time-based

definition, the family history information was included as a

time-dependent covariate: the individuals were considered

as lacking a family history before the parents’ or siblings’diag-

nostic date and to be at familial risk afterwards. In addition,

hazard ratios were estimated according to the number and

type of diseased first degree relatives. Thereby, for the time-

based definition, the individuals with multiple affected rela-

tives were considered to have one affected relative between

the diagnosis of the first and the second relatives, two affected

relatives after the diagnosis of the second relative and so on.

Individuals entered the risk period at birth, immigration, or

first year of the study (1961). Censoring events were death,

emigration, December 31, 2006, absence at census and diagno-

sis of malignancy at sites other than the site under consider-

ation. Socioeconomic status, calendar period, age at first

birth, number of children and region were taken into account

as covariates. Unfortunately, we were not aware of a statistical

test for the difference between the hazard ratios according to

the two definitions: the hazard ratios are neither independent

nor can be estimated within the same model as the familial

risk time for the time-based definition is a subset of the famil-

ial risk time for the register-based definition.
3. Results

Table 1 shows, for the register-based and for the time-based

definitions of family history, the mean age at entry to the

familial risk period and the mean time at familial risk accord-

ing to the parental diagnostic age. Furthermore, the number

of individuals affected during the familial risk periods and

the hazard ratios for offspring of breast and prostate cancers

are presented. The mean familial risk time was substantially

smaller for the time-based definition. However, the individu-

als entered on average the familial risk period before the risk

ages for breast and prostate cancers, except for the individu-

als with a parent diagnosed at late age. Consequently, except

for women with a mother diagnosed at a late age (P85 years),

the majority of breast cancer cases in daughters occurred

after the maternal diagnostic date, i.e. the majority of cases

defined as familial cases according to the register-based defi-

nition were also defined as familial according to the time-

based definition. The hazard ratios of breast cancer for wo-

men with an affected mother compared to those without a

family history according to the two definitions were similar.

Also, almost all prostate cancers in affected father–son pairs

were first diagnosed in the father. Therefore, the hazard ratios

according to the register-based definition of family history

and according to the time-based definition of family history

were nearly equal.

Table 2 shows the corresponding data for the individuals

with an affected sibling. For the time-based definition of

familial risk, the individuals entered the familial risk period

on average during the risk ages of breast and prostate cancers

and the mean time at familial risk was small, especially for

men with a brother affected by prostate cancer. Nevertheless,



Table 1 – Hazard ratio of breast cancer (top) and prostate cancer (bottom) according to parental diagnostic age for register-
based definition of family history and for time-based definition of family history.

Register-based definition of family history Time-based definition of family history

Parental
diagnostic
age

Mean age at
entry to
familial
risk perioda

(sd) (years)

Mean time
at familial
risk (sd)
(years) Nb HR

95% CI
(confidential
interval)

Mean age
at entry to
familial risk
periodc

(sd) (years)

Mean time
at familial
risk (sd)
(years) Nb HR 95% CI

Breast
cancer

0–39 1.3 (5.4) 26.4 (13.0) 84 3.37 2.72 4.17 8.0 (5.4) 19.9 (12.7) 84 3.32 2.68 4.11
40–49 3.3 (6.2) 32.3 (11.5) 467 2.16 1.97 2.36 16.8 (6.2) 19.2 (13.2) 467 2.13 1.94 2.33
50–59 4.9 (6.4) 36.7 (9.4) 847 1.89 1.77 2.02 25.8 (6.4) 16.6 (12.6) 829 1.86 1.74 1.99
60–74 9.2 (7.0) 41.0 (7.8) 1793 1.67 1.59 1.75 36.8 (7.0) 14.9 (10.5) 1589 1.67 1.59 1.75
75–84 15.1 (6.5) 42.0 (7.9) 872 1.59 1.49 1.70 47.6 (6.5) 11.5 (8.0) 583 1.59 1.46 1.72
85- 18.3 (6.1) 41.6 (8.4) 276 1.55 1.38 1.74 55.0 (6.1) 7.6 (5.9) 114 1.47 1.22 1.77

Prostate
cancer

0–59 3.1 (7.1) 33.2 (10.2) 128 3.45 2.90 4.10 24.8 (7.1) 12.3 (12.2) 128 3.36 2.83 4.00
60–67 5.4 (6.7) 38.9 (8.2) 552 2.82 2.59 3.07 32.3 (6.7) 13.0 (11.4) 552 2.76 2.53 3.00
68–74 8.9 (6.9) 41.7 (7.1) 1031 2.29 2.15 2.44 38.1 (6.9) 13.7 (10.2) 1024 2.23 2.10 2.38
74–82 12.4 (7.1) 42.5 (6.8) 1328 1.97 1.87 2.08 43.8 (7.1) 12.5 (8.9) 1299 1.93 1.83 2.04
82- 15.9 (7.1) 42.6 (7.0) 597 1.67 1.54 1.81 49.8 (7.1) 10.1 (7.5) 548 1.66 1.53 1.81

a Age at entry to familial risk period: age at entry to the study.

b Number of individuals affected during familial risk period.

c Age at entry to familial risk period: maximum of age at parental diagnostic time and age at entry to the study.

Table 2 – Hazard ratio of breast cancer (top) and prostate cancer (bottom) according to siblings’ diagnostic age for register-
based definition of family history and for time-based definition of family history.

Register-based definition of family history Time-based definition of family history

Sibling
diagnostic
age

Mean age
at entry
to familial
risk perioda

(sd) (years)

Mean time
at familial
risk (sd)
(years) Nb HR 95% CI

Mean age
at entry to
familial risk
periodc (sd)
(years)

Mean time
at familial
risk (sd)
(years) Nb HR 95% CI

Breast
cancer

0–39 8.2 (7.9) 40.3 (7.9) 180 2.42 2.09 2.80 34.5 (7.9) 15.2 (9.8) 154 2.28 1.95 2.67
40–49 12.0 (7.2) 41.8 (7.7) 678 2.05 1.90 2.21 44.2 (7.2) 11.3 (7.2) 465 1.97 1.79 2.15
50–59 15.7 (7.0) 42.1 (7.7) 955 1.85 1.73 1.97 52.2 (7.0) 7.7 (5.1) 450 1.83 1.66 2.01
60–74 19.2 (6.3) 41.9 (8.1) 544 1.64 1.51 1.79 59.5 (6.3) 4.1 (3.1) 138 1.77 1.49 2.09

Prostate
cancer

0–59 15.0 (7.1) 42.4 (6.9) 453 4.47 4.08 4.90 53.8 (7.1) 5.2 (4.3) 299 4.42 3.95 4.94
60–67 18.7 (6.1) 42.6 (6.6) 831 2.99 2.79 3.21 59.3 (6.1) 3.6 (2.7) 439 3.21 2.92 3.53
68–74 20.7 (5.2) 42.6 (6.3) 265 2.42 2.14 2.73 63.2 (5.2) 2.0 (1.5) 81 2.58 2.06 3.21

a Age at entry to familial risk period: age at entry to the study.

b Number of individuals affected during familial risk period.

c Age at entry to familial risk period: maximum of age at sibling diagnostic time and age at entry to the study.
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the hazard ratios of breast and prostate cancers for siblings of

breast and prostate cancer patients compared to those with-

out a family history according to the two definitions were

similar.

We calculated also the hazard ratios of breast and prostate

cancers according to parental and sibling diagnostic ages con-

sidering the individuals at risk only until the parental and sib-

ling diagnostic time. The findings were in line with the above

results: the differences between the hazard ratios before and

after the relative’s diagnosis were not statistically significant

(data not shown).

Table 3 shows the numbers of breast cancers according to

the family history for the register-based and the time-based

definition of family history. For example, 289 women with

breast cancer from the study population had a mother and
a sister affected by breast cancer. Amongst these women, 29

were affected before their mother and sister; therefore, these

women were considered as lacking a family history according

to the time-based definition. Another 116 of these women

were affected after their mother and before their sister and

13 after their mother but before their sister. Consequently,

these cases were included in the groups ‘mother affected

only’ and ‘sister affected only’ for the time-based definition.

A total of 131 women were affected after their mother and sis-

ter and the family history was defined as ‘mother and sister

affected’ for the time-based definition.

Table 4 shows the corresponding data for prostate cancer.

Interestingly, the number of men considered to have an only

affected father was higher for the time-based definition than

for the register-based definition.



Table 5 – Hazard ratio of breast cancer (top) and prostate cancer (bottom) according to family history for register-based
definition of family history and for time-based definition of family history.

Register-based definition of family history Time-based definition of family history

Affected relatives Na HR 95% CI Na HR 95% CI

Breast cancer Mother only 4339 1.74 1.69 1.80 3784 1.78 1.72 1.84
Sister only 2251 1.86 1.79 1.94 1183 1.92 1.81 2.04
Mother + 1 sister 289 2.81 2.50 3.15 133 2.73 2.30 3.23
2 Sisters 102 2.43 2.00 2.95 36 2.42 1.75 3.36

Prostate cancer Father only 3636 2.12 2.05 2.20 3757 2.16 2.09 2.24
Brother only 1377 2.96 2.80 3.13 755 3.32 3.08 3.57
Father + 1 brother 402 5.51 5.00 6.09 216 5.96 5.21 6.81
2 Brothers 144 7.71 6.54 9.08 55 9.15 7.03 11.93
Father + 2 brothers 40 8.82 6.46 12.02 15 10.30 6.21 17.10
3 Brothers 28 17.74 12.26 25.67 10 22.19 11.94 41.26

a Number of individuals affected during familial risk period.

Table 3 – Numbers of breast cancer cases according to family history for register-based and time-based definition of family
history.

Affected relatives according
to register-based definition
of family history

Affected relatives according to time-based definition of family history

None Mother only Sister only Mother + 1 sister 2 Sisters Total

None 42,530 – – – – 42,530
Mother only 673 3666 – – – 4339
Sister only 1115 – 1136 – – 2251
Mother + 1 sister 29 116 13 131 – 289
2 Sisters 34 – 33 – 35 102
Total 44,381 3782 1182 131 35

Table 4 – Numbers of prostate cancer cases according to family history for register-based and time-based definition of family
history.

Affected relatives according
to register-based definition
of family history

Affected relatives according to time-based definition of family history

None Father
only

Brother
only

Father + 1 brother 2 brothers Father + 2 brothers 3 Brothers Total

None 21,028 – – – – – – 21,028
Father only 85 3551 – – – – – 3636
Brother only 676 – 701 – – – – 1377
Father + 1 brother 4 193 1 204 – – – 402
2 brothers 48 – 47 – 49 – – 144
Father + 2 brothers – 13 – 12 – 15 – 40
3 Brothers 6 – 6 – 6 – 10 28
Total 21,847 3757 755 216 55 15 10
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In Table 5, the hazard ratios of breast and prostate cancers

for individuals with affected first degree relatives compared

to individuals without affected first degree relatives is shown

for the register-based and the time-based definitions of family

history according to the numbers and types of affected rela-

tives. Considering breast cancer, the hazard ratios were equal

for the two definitions. For prostate cancer, the hazard ratios

were higher for the time-based definition than for the regis-

ter-based definition except for men with an affected father

only. However, the numbers of cases were small for men with

more than one affected relative, especially for the time-based

definition. Thus, the confidence intervals for the hazard ratios
of men with multiple affected relatives were relatively wide

and overlapping for the two definitions.

4. Discussion

The present study compared offspring and sibling risks of

breast and prostate cancers considering individuals at famil-

ial risk independently of the diagnostic time of the relative

(‘register-based definition of family history’) and only after

the diagnostic time of the relative (‘time-based definition of

family history’). Familial relationships and cancer data origi-

nated from reliable and practically complete registered
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sources covering the whole Swedish population up to age

74 years and their parents. Therefore, an accurate definition

of the periods in which individuals were considered at famil-

ial risk according to the two definitions was possible. How-

ever, a small number of parents and siblings will be

diagnosed with breast or prostate cancer in the future (right

truncation), which means that the family history of these

individuals was incorrectly classified for the register-based

definition. By contrast, these were correctly classified for the

time-based definition of family history.

We found that the familial risks according to the diagnos-

tic age of the affected relative were similar for the two defini-

tions. This result was expected for offspring of breast and

prostate cancer patients because the majority of the parents

were affected before their offspring reached the risk ages

for these cancers. However, also the sibling risks were almost

equal, and this was true even for the groups with the highest

sibling diagnostic ages, in which the familial follow-up

started at an advanced age and the mean time at familial risk

was low.

Clinical guidelines emphasise the increased risk of indi-

viduals with multiple relatives affected by breast and prostate

cancers.11,12 Therefore, we calculated the familial risks for the

two definitions also according to the type and number of af-

fected first degree relatives. For the time-based definition,

the individuals with multiple affected relatives until the end

of the study contributed familial risk time and cases to types

of family histories with fewer affected relatives. Thus, indi-

viduals with different levels of familial risk were considered

to have the same family history. For the register-based defini-

tion, the individuals contributed familial risk time and cases

based on the affected relatives at the end of the study only.

This might explain in part the higher familial risks for pros-

tate cancer according to the time-based definition compared

to familial risks according to the register-based definition.

Considering breast cancer, the risks for the two definitions

were similar although the number of breast cancers in wo-

men with more than one affected relative was more than 2-

fold smaller for the time-based definition.

In clinical counselling and screening situations, the aim is

to predict the risk of an individual based on the information

about the currently known cases in the family. The results

of this study demonstrate that studies on familial breast or

prostate cancer utilising the register-based definition are

applicable for these situations although they do not take the

relative’s diagnostic date into account. Furthermore, breast

cancer risk estimation models are comparable, irrespective

of the two definitions of ‘being at familial risk’ in the underly-

ing studies. An advantage of the register-based definition of

family history is that the individuals are at familial risk for

a longer period, translating to more accurate estimates of

familial risks. The advantage of large case numbers will be-

come useful in the analysis of any rare events such as multi-

plex familial cases of breast and prostate cancers and early

onset cases.

Familial breast and prostate cancers are associated with

an earlier age of onset compared to sporadic cancers.3,13,14

Consequently, the familial risk might be higher before than

after the relative’s diagnosis because the individuals are

younger before their relative’s diagnostic date. However,
we did not find evidence that this caused differences be-

tween the familial risks according to the register-based or

the time-based definitions of the family history. By contrast,

the individuals with a close relative affected by cancer may

participate in cancer screening more often, more frequently

or earlier, in particular individuals with several affected rel-

atives.15,16 Therefore, the risk of cancer after the diagnosis

in a relative might be influenced by overdiagnosis due to in-

creased surveillance of familial cases. In the previous stud-

ies, we have assessed the effect of screening on familial risk

by comparing the familial relative risks shortly after the

diagnosis of the relative with the risks after five or more

years after diagnosis. The results suggested that screening

might influence the risk shortly after the relative’s diagnosis

but that the effect on the overall familial risk is small.17,18

In general, the present results support these findings as

we found similar familial risks according to the register-

based and the time-based definitions of family history.

However, increased surveillance may play a role for the

higher familial risks of prostate cancer according to the

time-based definition for the individuals with multiple af-

fected relatives.

In conclusion, this study provides evidence that familial

risks of breast and prostate cancers are similar whether indi-

viduals are considered at familial risk independent of the

diagnostic time of the relative or only after the relative’s diag-

nostic date. The register-based approach will offer a method-

ological advantage in the analysis of small groups such as

families of multiple cases.
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