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                Estimates of familial aggregation provide important information 
in the study of disease etiology. The administrative population-
based registers that are available in many countries offer tremen-
dous potential for such studies. For example, in Sweden, the 
nationwide MultiGenerational Register ( 1 ) and Cancer Register 
( 2 ) can be linked to create a cohort to study cancer. Similar 
resources for cancer and other diseases exist in other Scandinavian 
countries ( 3  –  7 ). Even though these registers have extensive cover-
age of the population members, the study cohort has incomplete 
exposure information due to failure to identify relatives as affected 
when disease occurs before the start-up of registration (ie, “left-
truncation” of family history), failure to track all relatives, and 
various inclusion and exclusion criteria for registering individuals. 
With the exception of published estimates from some studies that 
used a specialized design that is robust to truncation bias ( 8 , 9 ), 
many of the published estimates of familial aggregation may be 
biased by an underestimate of the number of affected relatives 
( 10 , 11 ). 

 Unbiased estimates of familial risk can be obtained by using one 
of several existing bias-correction methods, which require the 
implementation of sophisticated nonstandard statistical algorithms 
( 10 ) and/or the estimation of the sensitivity and specifi city of the 
observed exposure ( 12  –  15 ). These quantities can be estimated using 
a statistical model that defi nes misclassifi cation ( 16 ) or by using vali-
dation samples, which are generally unavailable or costly ( 17  –  19 ). 

 Here, we examined the bias in familial risk estimates when 
exposure was defi ned as the parental history of disease in a study 
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     Evaluation of Bias in Familial Risk Estimates: A 
Study of Common Cancers Using Swedish 
Population-based Registers  
    Monica     Leu   ,      Marie     Reilly   ,      Kamila     Czene                  

   Background   Bias in estimates of familial cancer may result if population-based registers fail to identify relatives as 
affected when disease occurs before the start-up of registration (ie, “left-truncation” of family history).  

   Methods   Apparent familial relative risks (among offspring of parents with cancer) of colorectal, lung, breast, and 
prostate cancers and melanoma in a Swedish cohort were compared with relative risks in a simulated 
population. The study cohort (approximately 7 million individuals) was based on the Swedish Multi-
Generational Register linked to the Swedish Cancer Register for the period 1961 – 2002. A similar population 
of related individuals (approximately 7 million) with complete family information was simulated by using 
the R-package PopLab and used to estimate the sensitivity of the observed family history. This sensitivity 
was then used to calculate corrected age group – specific and overall risks, which were compared with the 
apparent familial risks of cancer in the cohort.  

   Result   The apparent familial risks for colorectal, lung, breast, and prostate cancers and melanoma were 1.99 
(95% confidence interval [CI]   =   1.85 to 2.14), 2.05 (95% CI   =   1.86 to 2.26), 1.84 (95% CI   =   1.76 to 1.92), 2.33 
(95% CI   =   2.19 to 2.48), and 2.68 (95% CI   =   2.35 to 3.07), with corresponding absolute rates of 3.69, 2.59, 
16.05, 10.38, and 2.96 per 10   000 person-years, among offspring of parents diagnosed with the same can-
cer. Corrected age group – specific and overall estimates of the familial risks were close to these apparent 
risks for all studied cancers (all approximately 2.0), except for melanoma. For melanoma, the corrected 
estimate of 3.18 (95% CI   =   2.73 to 3.64) was somewhat larger than the apparent estimate and was not 
included in the confidence interval for the apparent estimate. When the exposure of interest was a parent 
affected at a younger age, this bias was more pronounced; the apparent estimate for melanoma changed 
from 4.07 (95% CI   =   3.21 to 5.16) to 5.67 (95% CI   =   4.51 to 6.83) after correction.  

   Conclusions   For common cancers, risk estimates from the Swedish MultiGenerational cohort do not generally appear 
to be biased by left-truncation.  
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cohort obtained by merging the Swedish MultiGenerational 
Register ( 1 ) and the Swedish Cancer Register ( 2 ). We have previ-
ously shown ( 11 ) that the main source of the bias in familial aggre-
gation estimates from such cohort is the left-truncation of parental 
disease in the register that is linked to the family register, ie, the 
misclassifi cation of exposure from failing to identify relatives as 
affected when disease occurs before the start-up date of registra-
tion. In contrast, the missing familial links due to death in the 
Swedish MultiGeneration Register had little or no effect on famil-
ial risk estimates. Therefore, we corrected here for bias due to 
left-truncation, applying our previously developed methodology 
( 20 , 21 ; M. Leu, K. Czene, M. Reilly, unpublished data, 2008) that 
produces estimates of the sensitivity of the observed exposure 
without using validation samples. Age group – specifi c and overall 
estimates of risk were investigated for the following cancers: 
colorectal, lung, female breast, prostate, and melanoma. 

  Subjects and Methods 
  Participants 

 We extracted the study cohort from the Swedish MultiGenerational 
Register linked to the Swedish Cancer Register in 2002. The 
MultiGenerational Register records offspring (index persons) who 
were born in Sweden since January 1, 1932, and were still alive on 
December 31, 1961, and their biological parents. The total num-
ber of individuals (offspring plus parents) is more than 10 million, 
organized in 3.2 million nuclear families. A substantial fraction 
( ~ 50%) of the individuals who died before December 31, 1990, 
have one or both parents unidentified ( 1 ). To reflect the usual 
approach in analyses that use these data sources, we included in our 
analysis only offspring for whom both parents were identified 
(approximately 7 million). 

 The Swedish Cancer Register records primary cancers diagnosed 
since January 1, 1958, based on compulsory reports from health care 
providers. The completeness of this register and the accuracy of 
cytologically or histologically verifi ed cancers are estimated to be 
close to 100% ( 22 ). Cancer diagnoses were defi ned according to the 
International Classifi cation of Diseases (ICD-7): colorectal (ICD-7: 
153 – 154), lung (ICD-7: 162 – 163), breast (ICD-7: 170), and prostate 
(ICD-7: 177) cancers and melanoma (ICD-7: 190) ( 2 ). 

 For each of the considered cancers, an independent virtual 
population register of related individuals (approximately 7 million) 
with complete family information was created for Sweden for the 
time interval 1961 – 2002 by use of the R-package PopLab ( 20 , 21 ). 
We used the actual Swedish age- and calendar year – specifi c mor-
tality and fertility rates, which are available online from Statistics 
Sweden ( 23 ), and the actual calendar-, age-, and sex-specifi c inci-
dence rates, which are available online from the Swedish National 
Board of Health and Welfare ( 24 ). Only female breast cancers 
were considered.  

  Evaluation of Bias 

 For each of the studied cancers, several steps were performed to 
evaluate the bias. First, from the real data extracted from the 
MultiGeneration Register and Swedish Cancer Register, we 
obtained the observed prevalence of exposure (ie, an affected par-
ent) and the relative risk, which will be referred to as the apparent 

relative risk, in each of the strata defined by age at diagnosis and 
calendar time ( Figure 1 ). Second, from the simulated data, we esti-
mated the sensitivity of the observed exposure. Next, these three 
quantities were used to calculate the bias-corrected relative risks 
within each stratum, and these stratum-specific relative risks were 
then combined on the logarithmic scale to give an overall corrected 
estimate. As a last step, the overall bias-corrected relative risk was 
compared with the apparent relative risk to evaluate the bias.     

  Analyses of the Real Data.       Follow-up for each individual started 
at birth or on January 1, 1961, whichever occurred later, and was 
terminated on diagnosis of first cancer, death, emigration, or the 
closing date of the study (December 31, 2002), whichever occurred 
first. Parental cancer entered the analysis as a time-dependent expo-
sure: individuals were moved from the unexposed to the exposed 
group at the moment their parent developed cancer. Thus, cancer 
patients were considered to be exposed only if the parental cancer 
occurred before their cancer. Many individuals in the study cohort 
appear in different generations in the MultiGenerational Register, 
first as offspring and later as parents, and these were considered 
independently. Multiple affected offspring in the same family were 
also treated as independent events. For the three cancers that were 
not sex-specific (colorectal cancer, lung cancer, and melanoma), we 
assumed a familial risk model in which males and females experience 
an equal increase in disease risk from having either of their parents 
affected. We calculated the incidence rate ratios for a positive family 
history from Poisson regression models using the  glm  function R 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Bias in estimates of familial cancer risks may occur in population-
based studies when family history is incomplete if relatives of 
study subjects are diagnosed with cancer before the beginning of 
cancer registration.     

  Study design 

 Corrected familial risks (due to a parent having cancer) of colorec-
tal, lung, female breast, and prostate cancers and melanoma were 
calculated for 1961 – 2002 after comparing apparent risks among a 
Swedish cohort from the Swedish MultiGeneration Register linked 
to the national Cancer Register and risks from a simulated popula-
tion, with complete family history, for this period.  

  Study contribution 

 Corrected familial risks were similar to the apparent risks for all 
cancers and were close to 2.0, except melanoma, for which the cor-
rected value was approximately 3.2.  

  Implications 

 For most of the common cancers studied, the Swedish 
MultiGeneration Register provided unbiased familial risks.  

  Study limitations 

 The bias in familial risks of other types of cancer should be evalu-
ated in this population and in other populations with national can-
cer registries before these results can be generalized to other types 
of cancer and to other populations. 

  From the Editors    
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( http://www.r-project.org ). The estimates were adjusted for age at 
diagnosis (in 5-year intervals) and calendar time (in decades).  

  Correcting the Apparent Relative Risk for Bias.       Because the 
truncation of family history depends only on the start-up date of 
registration, we assumed that misclassification of exposure was 
nondifferential — that is, that there was a similar loss of family his-
tory for cancer patients and healthy individuals. To express the 
apparent relative risk as a function of directly estimable quantities 
from the available data and of the sensitivity of the observed expo-
sure, we started from the general form of the relative risk

  R
P D E
P D E
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P E D P E
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in which  D  denotes diseased,  E  exposed, and  E unexposed.  
P E D( )|  and  P ( E ) represent the true prevalence of exposure 
among diseased (ie, the proportion of individuals in the diseased 
population with a positive family history) and the true overall preva-
lence, respectively, and  P E D( )|  and  P E( ) are their complements. 

 Writing    1 for the apparent relative risk,  R̂, we obtain
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in which  |ˆ( )P E D  and  ˆ( )P E  are the observed prevalence of expo-
sure among diseased individuals and the observed overall preva-
lence, respectively, and  S  is the sensitivity of the observed exposure, 
 ˆ( )/ ( )P E P E , which is assumed to be equal for diseased and healthy 
individuals:
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where  D denotes healthy individuals. By rearranging expression 2 
and using the equalities in expression 3, the apparent relative risk 
can be written as:

  R R SP E
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1
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, [4]

where  R  represents the true relative risk. 
 The derivation of the apparent relative risk from basic princi-

ples is presented elsewhere ( 13 ). Extracting  R  from equation 4 
gives the expression for true relative risk, which will be denoted 
further as bias-corrected relative risk,  Rbc:

  
+ − −

( )ˆ= .ˆ ˆ1 ( )(( 1) )bc
P E

R R
P E R S R

 [5]

Note that specificity of the observed exposure does not appear in 
this expression, as in the case of truncation this will be 100%. 

 The true prevalence of exposure and the sensitivity of exposure, as 
calculated below, were substituted in expression 5 to obtain the bias-
corrected familial risk within each stratum defi ned by calendar period 
and age group. The available data were bootstrapped (100 times) to 
obtain independent realizations of these stratum-specifi c estimates 
and thus to obtain empirical estimates of their variances. Denoting the 
variance of the bias-corrected log   RR (relative risk)   ,   β   i   = log(R  bc,i  )in 
stratum  i  as var( β   i  ), the overall bias-corrected estimate for a specifi c age 
group was calculated as the weighted average of the appropriate calen-
dar year – specifi c parameter estimates, taking as weights var( )βi( )−1.  

   Figure 1  .     Schematic representation of the 
steps involved in the correction for and eval-
uation of the bias in the apparent relative risk 
for fi ve common cancers. Bias corrections 
were performed within each strata defi ned by 
age group and calendar period, and the esti-
mates were further combined to obtain over-
all corrected values. RR = relative risk;  P ( E ) = 
prevalence of exposure.    
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  Sensitivity of the Observed Exposure and True Prevalence of 

Exposure.       We estimated the sensitivity of the observed exposure 
from the virtual population registers, in which each individual ’ s 
family history of disease is complete. To construct a virtual popu-
lation register, we initially created a simulated baseline population 
of related individuals for the first year of follow-up (1961), starting 
from 6 million unrelated founders (3   000   000 males and 3   000   000 
females). For the creation of this baseline population, we used the 
first available incidence rates (1961). To evaluate the impact of 
increasing trend in the incidence rates before the baseline year, we 
also performed the simulation using half of these rates for breast 
cancer and melanoma. The 1961 population then evolved dynami-
cally over time until 2002, with birth, death, and disease incidence 
events recorded on a yearly basis. Leu    et al. ( 20 ) offer a detailed 
description of the simulation algorithm. 

 Having a family history of disease (ie, an affected mother for 
breast cancer, an affected father for prostate cancer, and an affected 
mother or father for colorectal cancer, lung cancer, or melanoma) 
increases the risk of cancer incidence for an individual from the year 
of incidence of the parent, and such individuals were categorized as 
exposed from that time. To refl ect this relative risk model, we multi-
plied population age-specifi c rates of disease by a constant factor for 
exposed individuals. We simulated each virtual population with the 
apparent relative risk of that specifi c cancer. In addition, for individu-
als with cancer, we assigned an age-specifi c mortality that was fi ve 
times that of the general population. This arbitrary value was selected 

for all studied cancers because we have previously shown that the 
mortality ratio has no impact on the bias due to left-truncation ( 11 ). 

 We imposed the effect of start-up of cancer registration on the 
complete virtual populations by recording in a separate variable 
whether family history was captured in the real data. Thus, any 
individual with a parental cancer occurring before the baseline year 
(1961) was classifi ed as unexposed, and the new variable, the appar-
ent exposure, corresponded to the family history recorded in the 
real Swedish Cancer Register data ( 2 ). Consequently, the ratio of 
apparent exposure and complete exposure as refl ected in the simu-
lated data provided an estimate of the sensitivity of observed expo-
sure. The prevalence of exposure does depend on the familial risk 
( 25 ), and thus we used the observed prevalence of exposure from 
the real data and the sensitivity from the simulation to obtain the 
true prevalence of exposure from expression 3.    

  Results 
 The number of patients observed in the offspring cohort extracted 
from the Swedish MultiGenerational Register linked to the 
Swedish Cancer Register (1961 – 2002) was lowest for lung cancer 
(6976) and highest for breast cancer (32   232) ( Figure 1 ). 

 Sensitivity of the observed exposure did not depend substan-
tially on the age group, but it did depend on cancer site, with 
prostate cancer exhibiting the highest sensitivity and melanoma 
the lowest ( Figure 2, A ). The calendar year – specifi c sensitivity 

  
 Figure 2  .    Sensitivity of the observed exposure for the fi ve cancer sites studied. This quantity is calculated from the simulated populations as the 
ratio between the number of individuals recorded as exposed (ie, individuals whose parents were diagnosed with cancer after the start-up of 
registration) and the true number of exposed individuals.  A)  Sensitivity by age group for the entire follow-up period.  B)  Sensitivity by calendar 
period for all ages combined.    
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across all age groups increased over time, with a steep slope during 
the fi rst two decades of follow-up ( Figure 2, B ). The calendar 
year – specifi c sensitivity also depended on cancer site, with mela-
noma having the lowest values. For breast cancer, colorectal can-
cer, and melanoma, the sensitivity exceeded 90% only after 30 
years of follow-up.     

 We compared the apparent and bias-corrected relative risks for 
the fi ve studied cancer sites ( Table 1 ). The incidence rates among 
offspring of parents with colorectal, lung, breast, and prostate can-
cers and melanoma were 3.69, 2.59, 16.05, 10.38, and 2.96 per 
10   000 person-years, respectively. Corrected age group – specifi c and 
overall estimates of the familial risks for colorectal, lung, breast, and 
prostate cancers were close to the apparent risks, with overall values 
of 1.99 (95% confi dence interval [CI]   =   1.85 to 2.14), 2.05 (95% 
CI   =   1.86 to 2.26), 1.84 (95% CI   =   1.76 to 1.92), and 2.33 (95% 
CI   =   2.19 to 2.48). For melanoma, however, the bias-corrected point 
risk was 3.18 (95% CI   =   2.73 to 3.64) compared with an apparent risk 
of 2.68 (95% CI   =   2.35 to 3.07), and the 95% confi dence interval for 
the apparent relative risk did not contain the bias-corrected value.     

 We also investigated how the parental age at diagnosis would 
affect the magnitude of bias. For breast cancer, when exposure was 
defi ned as a mother who was diagnosed with cancer before the age 
of 50, we observed some underestimation in the relative risk: 
apparent RR   =   2.1 and bias-corrected RR   =   2.45 ( Table 2 ). In con-
trast, no bias was observed when exposure was a mother who was 
diagnosed with cancer after 50 years of age. Similarly, there was 

some underestimation in the apparent RR of 2.9 compared with the 
bias-corrected RR estimate of 3.3 when exposure was a parent who 
was diagnosed with colorectal cancer before the age of 60. The 
most pronounced bias was seen when exposure was a parent who 
was diagnosed with melanoma before the age of 50, with the appar-
ent estimate of familial risk in offspring changing from 4.07 (95% 
CI   =   3.21 to 5.16) to 5.67 (95% CI   =   4.51 to 6.83) after correction.      

  Discussion 
 We observed an age-dependent familial risk for colorectal, breast, 
and prostate cancers and also for melanoma, with relatively high 
risks at younger ages. For breast and prostate cancers, these obser-
vations are in agreement with numerous previous studies ( 26  –  29 ). 
For colorectal cancer and melanoma, the literature has focused on 
the modification of familial risk by age of the index case patient, 
although some studies of colorectal cancer provide indirect evi-
dence that younger relatives of case patients are at higher risk 
( 30 , 31 ). We found no differences in familial risks by age at onset 
for lung cancer, indicating a relatively low importance of genetic 
factors (as compared with the effect of smoking habits) on this 
cancer ( 32 , 33 ). 

 We observed little or no bias in the overall estimates of familial 
risk of cancer, with the exception of melanoma, for which a dilu-
tion of the time relative risk was found. The lack of bias for most 
of these cancers is due to the relatively low familial risk (RR 

 Table 1  .    Apparent and bias-corrected relative risks for offspring with parental history of concordant cancer stratified by the age of the 
person at risk *   

  Cancer Age group, y  †  

No. of familial 

case patients

Apparent relative 

risk

Bias-corrected 

relative risk  ‡    

  Colorectal 30 – 39 52 4.79 (3.61 to 6.36) 4.72 (3.18 to 6.26) 
 40 – 49 191 2.84 (2.44 to 3.30) 2.77 (2.35 to 3.20) 
 50 – 59 398 1.96 (1.76 to 2.17) 1.80 (1.62 to 1.97) 
 60 – 69 211 1.44 (1.25 to 1.66) 1.42 (1.19 to 1.65) 
 Overall 865 1.99 (1.85 to 2.14) 2.10 (1.93 to 2.26) 
 Lung 40 – 49 68 1.89 (1.47 to 2.43) 1.90 (1.39 to 2.42) 
 50 – 59 225 2.07 (1.81 to 2.38) 2.11 (1.81 to 2.41) 
 60 – 69 128 2.12 (1.77 to 2.54) 2.10 (1.63 to 2.56) 
 Overall 429 2.05 (1.86 to 2.26) 2.12 (1.89 to 2.35) 
 Breast 30 – 39 230 2.52 (2.20 to 2.88) 2.49 (2.14 to 2.85) 
 40 – 49 865 1.99 (1.85 to 2.13) 2.00 (1.85 to 2.15) 
 50 – 59 925 1.64 (1.53 to 1.76) 1.64 (1.52 to 1.76) 
 60 – 69 293 1.69 (1.50 to 1.90) 1.62 (1.40 to 1.85) 
 Overall 2340 1.84 (1.76 to 1.92) 1.85 (1.76 to 1.93) 
 Prostate 40 – 49 38 4.79 (3.37 to 6.81) 4.47 (2.92 to 6.01) 
 50 – 59 530 2.71 (2.47 to 2.98) 2.62 (2.34 to 2.90) 
 60 – 69 644 2.06 (1.89 to 2.24) 2.12 (1.91 to 2.34) 
 Overall 1212 2.33 (2.19 to 2.48) 2.41 (2.24 to 2.59) 
 Melanoma 0 – 29 37 6.78 (4.87 to 9.43) 6.14 (4.18 to 8.10) 
 30 – 39 52 2.84 (2.16 to 3.74) 2.96 (2.04 to 3.88) 
 40 – 49 60 2.18 (1.69 to 2.81) 2.11 (1.50 to 2.71) 
 50 – 59 52 2.15 (1.62 to 2.85) 2.83 (2.05 to 3.62) 
 60 – 69 21 3.61 (2.34 to 5.56) 3.83 (2.04 to 5.62) 
 Overall 222 2.68 (2.35 to 3.07) 3.18 (2.73 to 3.64)  

  *   Relative risks are expressed as incidence rate ratios, with 95% confidence intervals in parentheses. Familial case patients are cancer patients among offspring of 
parents with cancer. The familial relative risk is the risk in those with the exposure (ie, an affected parent) compared with that in those without the exposure.  

   †    For each cancer site, age at risk ranged from 0 to 69 years, but, only those age groups with at least 20 exposed patients are shown.  

   ‡    The apparent relative risk, observed prevalence of exposure, and the sensitivity of the observed exposure are used to calculate bias-corrected age 
group – specific and overall corrected relative risks of cancer.   
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approximately 2) and/or relatively low incidence in the population, 
combined with a reasonably high sensitivity of the observed family 
history. Because sensitivity depends on age at onset, it is not sur-
prising that the lowest sensitivity was observed for melanoma, a 
cancer with relatively young age at onset. This poor sensitivity, 
combined with the relatively large value of familial risk, would be 
expected to show the most biased relative risk ( 11 ), as we observed 
here. This bias was worst for exposure defi ned as young age at 
onset in a parent, in which case the apparent relative risk in off-
spring of parents who were diagnosed with cancer before the age 
of 50 substantially underestimated the true (bias-corrected) risk. 
Such dependence on age is to be expected because registration 
start-up will result in more severe left-truncation of (young) paren-
tal cancers, resulting in poor sensitivity. A similar effect was 
observed for breast cancer. For cancers due to rare, highly pene-
trant mutations, the low incidence should result in less serious bias 
( 11 ). Although we cannot identify cancers due to mutations in spe-
cifi c genes, we investigated breast cancer with young age at onset 
in both mother and daughter (mother younger than 50 years and 
daughter younger than 40 years), for which specifi c genes (eg, 
 BRCA1  and  BRCA2 ) have been identifi ed, and found that the bias 
was not more pronounced than that reported for the overall breast 
cancer risk. 

 The strengths of our method are that the truncation bias in 
familial risks from standard cohort designs can be assessed and 
corrected without the need for validation samples or specialized 
study designs that are robust against truncation bias ( 8 ). With 
simple population vital statistics and disease incidence rates, 
familial relative risks can be corrected for the unavoidable bias due 
to registration start-up. By performing these corrections within 
the strata defi ned by age and calendar time, we could accommo-
date the age and secular trends in cancer incidence. The corrected 
relative risk estimates and their standard errors obtained from our 
method are in close agreement with the bias-corrected odds ratios 
obtained from the methods of Chu et al. ( 34 ), reassuring us of the 
validity of the results from the current study (data not shown). 

 A potential limitation of our study refl ects the fact that in cre-
ating the simulated baseline population we used the fi rst available 
incidence rates in the run-in simulation. Because most cancers 

have a rising incidence with calendar time, these early estimates 
will overestimate the true incidence rates experienced by the 
population before the baseline year. We investigated the impact 
of the baseline incidence rates on the bias-corrected estimates by 
simulating, for breast cancer and melanoma, baseline populations 
with age-specifi c incidence rates that were half the true 1961 
rates. These two cancers were chosen because they exhibit very 
different incidence profi les: breast cancer rates increase moder-
ately with calendar time, whereas melanoma incidence shows a 
steep increase. We found that for both of these cancers, the age 
group – specifi c and the overall bias-corrected estimates were simi-
lar to those obtained for the populations, in which the baseline 
was simulated with the 1961 rates (data not shown). Another 
potential limitation of our method was the assumption, for all 
cancers, of an age-specifi c mortality rate fi ve times higher than 
the mortality rate in the general population. This is likely to over-
estimate the mortality in all but the oldest age groups or most 
fatal cancers ( 35 ). However, we have shown elsewhere ( 11 ) that 
the bias in the familial risk is essentially independent of the mor-
tality rate ratio. Finally, we did not use age-specifi c familial risks 
in the simulation but instead used an average value of familial risk 
across all ages for every simulated cancer. We do not expect this 
assumption to infl uence our results, because we have found in 
previous work (M. Leu, K. Czene, M. Reilly, unpublished data, 
2008) that the sensitivity does not depend on the value of familial 
risk used in simulations. 

 Although we have focused on bias due to truncation of disease 
events, this is only one of the potential sources of incompleteness 
in any real population. For family studies, missing parental infor-
mation will result in subjects whose exposure information (ie, family 
history) is missing. These subjects will usually be dropped from the 
analysis, and only complete families will be analyzed ( 36 , 37 ). 
When the missing parental links depend on calendar time (eg, 
improvement in completeness of family registration over time), as 
is the case in the Swedish MultiGenerational Register ( 1 ), we have 
shown that substantial bias occurs only when there is very strong 
differential mortality between familial and nonfamilial cancer 
patients ( 11 ). We are aware of no such differential mortality for the 
fi ve types of cancer in this study; even  BRCA1 - and  BRCA2 -related 

 Table 2  .    Apparent and bias-corrected relative risks for offspring with parental history of concordant cancer, stratified by the 
age group of the affected parent *   

  Cancer Age group, y

No. of familial 

case patients

Apparent relative 

risk

Bias-corrected 

relative risk  †    

  Colorectal <60 237 2.90 (2.16 to 3.90) 3.33 (2.14 to 4.53) 
  ≥ 60 628 1.89 (1.68 to 2.12) 1.81 (1.57 to 2.08) 
 Lung <60 93 2.31 (1.83 to 2.92) 2.40 (1.83 to 2.97) 
  ≥ 60 336 2.01 (1.62 to 2.45) 2.02 (1.58 to 2.52) 
 Breast <50 373 2.10 (1.89 to 2.33) 2.45 (2.19 to 2.72) 
  ≥ 50 1967 1.78 (1.70 to 1.86) 1.76 (1.67 to 1.84) 
 Prostate <60 48 3.26 (2.42 to 4.38) 3.33 (2.32 to 4.33) 
  ≥ 60 1164 2.32 (2.18 to 2.47) 2.36 (2.18 to 2.54) 
 Melanoma <50 73 4.07 (3.21 to 5.16) 5.67 (4.51 to 6.83) 
  ≥ 50 149 2.33 (1.98 to 2.73) 2.64 (2.16 to 3.11)  

  *   Relative risks are expressed as incidence rate ratios, with 95% confidence intervals in parentheses. Familial case patients are cancer patients among 
offspring of parents with cancer.  

   †    The apparent relative risk, observed prevalence of exposure, and the sensitivity of the observed exposure are used to calculate bias-corrected age 
group – specific and overall corrected relative risks of cancer.   
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breast cancer has been shown to have a similar prognosis to spo-
radic breast cancer ( 38  –  40 ). 

 Consistent with the study design used in a large number of 
publications assessing familial risk in which aging offspring 
become parents during follow-up, the individuals in our study 
were considered independently fi rst as offspring and then as par-
ents. Having these individuals appear in different generations as 
independent study subjects may result in confi dence intervals of 
the risk estimates that are somewhat narrow, but this is likely to be 
a minor artifact because concordant cancers in three generations 
are extremely rare ( 41 ). 

 In this study, a positive family history was defi ned as having an 
affected parent. Because a sibling is also a fi rst-degree relative, an 
affected sibling provides important information about genetic 
susceptibility. Although some studies have investigated the risk 
due to an affected sibling ( 42 ) or any affected fi rst-degree relative 
( 43 ), studies of parental relative risk are predominant in the liter-
ature. This is understandable because cancer is generally a dis-
ease of older people, so the parental generation provides more 
complete information about the disease profi le in a family. 
However, siblings will be less subject to left-truncation due to 
their younger age relative to parents, so we would expect minimal 
bias in the estimates of sibling relative risks based on the fi ndings 
presented here. 

 In conclusion, the work presented here confi rms the large body 
of literature that has used the Swedish and other Scandinavian 
registers to estimate overall familial risks for common cancers. 
However, when the exposure of interest is early age of onset in a 
parent, which is commonly considered to be an indication of 
genetically determined cancer, estimates may be biased, especially 
when familial risk is high. The investigation of such bias in other 
diseases with high familial risks and/or high incidence rates is an 
area worthy of further study.     
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