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CAGGTTTAGCGCCACTCTGCTGGCTGAGGCTGCGGAGAGTGTGCGGCTCCAGGTGGGCTCACGCGGTCGTGATGT
CTCGGGAGTCGGATGTTGAGGCTCAGCAGTCTCATGGCAGCAGTGCCTGTTCACAGCCCCATGGCAGCGTTACCC  
AGTCCCAAGGCTCCTCCTCACAGTCCCAGGGCATATCCAGCTCCTCTACCAGCACGATGCCAAACTCCAGCCAGT 
CCTCTCACTCCAGCTCTGGGACACTGAGCTCCTTAGAGACAGTGTCCACTCAGGAACTCTATTCTATTCCTGAGG 
ACCAAGAACCTGAGGACCAAGAACC AGCCTACCCCTGCCCCCTGGGCTCGATTATGGGCCCTTCAGGATG 
GATTTGCCAATCTTGAGACAGA GGC TGTTACCC ATCTGATCTTGAACTCCTGCTCTCATCTGATCCTC 
TTGCCTCAGCCTCCCAAA GGTGTG CACCATCCCCGGCCAGTTTGCAGTCTAAAATGTG 
TGAATGACAACTACTGGT GGAGGGACAAAAGCTGTGAATATTGCTTTGATGAACCACTGCTGAAAAGAACAG
ATAAATACCGAACATACAG AACACTTTCGGATTTTCAGGGAAGTGGGTC AAAACTCTTACATTGCAT 
ACATAGAAGATCACAGTGG T AGA CTTGT GGGAAAGGA ACGCCGTCCTTTGA  
ATAACAATTCTGAA CTGTCACTA C AAATAA T GTCTTTTTT ACTGTAGATGATC 
AGTCAGTTT GGCA TACATCATGTCAA AACTCTTGGAAGTGGTGCCTGTGGAGAGG

AAAG TTTCGAGAGGA GAAAGTAGCCAT AGGAAGTTTGCTATTG 
GTTC CAAGAGAGGCAGA TCTCAATGTTGAAACAGAAATA AAAGCTAAATCATCCTT  
GCAT TCAAGATTAAAAACTTTTTTG AAGATTATTATATTGTTTTGGAATTGATGGAAGGGGGAGAGC 
TGTTTGACAAAG GGTGGGGAATAAACGC AAGAAG CCTGCAAGCTCTATTTTTACCAGATGCTCTTGG

CAG TCTGCTGG AGGCTG AGTGT CGGCTCCAGGTGGGCTCACGCGGTCG GT
TTGAGGCTCAGCAGTCTC GCAGCAGTGCCTGTTCACAGCCCCATG TTACCC  

CCA C CCTCACAGTCCCAGGGCATATCCAGCTCCTCT CAGCCAGT 
TCCAGC CTGGGACACTGAGCTCCTTAGAGACAGTG CACTCAGGAACTCTAT CTATTCCTGAGG 

ACCAAGAACCTGAGGACCAAGAACCTGAGGAGCCTACCCCTGCCC CCTTCAGGATG 
GATTTGCCAATCTTGAGACAGAGTCTGGCCATGTTACCCAATCT ATCTTGAACTCCTGCTCTCATCTGATCCTC 
TTGCCTCAGCCTCCCAAAGTGCTGGGATAAGAGGTGTGAGGCACCA CTAAAATGTG 
TGA CAACTACTGGTTTGGGAGGGACAAAAGCTGTGAATATTGCT TGA TGAAAAGAACAG
A A ACAGCAAGAAACACTTTCGGATTTTCAGGGAAGTGG TCCTAAA TCTTACATTGCAT 
ACATAGAAGATCACAGTGGCAATGGAACCTTTGTAAATACAGAGCTTGTA GGAAAGGAAAAC CCGTCCTTTGA  
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Abstract 

Aim
The CHEK2*1100delC mutation confers a relative risk of 2 for breast cancer (BC) in 
the general population. This study aims to explore the excess cancer risk due to the 
CHEK2*1100delC mutation within a familial non-BRCA1/2 breast cancer setting. 

Patients and Methods
Cancer incidences were compared between first degree relatives of 107 familial 
breast cancer patients positive for the CHEK2*1100delC mutation (CHEK2 positive 
families) and first degree relatives of 314 familial breast cancer patients without the 
CHEK2*1100delC mutation (CHEK2 negative families). All families were derived from 
the same pool of familial non-BRCA1/2 breast cancer families (n=2,554). Medical 
information of 2,188 first degree relatives of these families was analyzed for cancer 
risk. CHEK2*1100delC status of relatives was unknown. 

Results
Increased breast cancer risk (Hazard ratio (HR) 2.0 (95% confidence interval (CI): 
1.4-2.7), p<0.001) was observed in sisters of CHEK2*1100delC positive index cases 
compared to sisters of CHEK2*1100delC negative index cases. HR was 1.6 (95% CI: 
1.0-2.4) for mothers of CHEK2 positive versus negative index cases (p=0.041). For 
second primary breast cancers HR was increased in CHEK2*1100delC positive index 
cases (HR 2.1, 95% CI: 1.3-3.3, p=0.003) and their sisters (HR 2.6, 95% CI: 1.1-6.1, 
p=0.025).

Conclusion
There is an excess breast cancer risk in first degree relatives of  
CHEK2*1100delC positive non-BRCA1/2 familial breast cancer patients compared 
to non-CHEK2*1100delC familial breast cancer relatives. Genotyping for the 
CHEK2*1100delC mutation in a familial breast cancer setting contributes to optimal 
clinical surveillance in countries in which this mutation is prevalent. Carriers and 
female relatives are eligible for stringent breast surveillance programs. 
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Introduction 

The breast cancer (BC) risk of a female CHEK2*1100delC carrier is 2-fold increased 
in the general population.1 The prevalence of the mutation varies between populations 
and is highest in North-European populations.2 In the Netherlands, the prevalence in 
the general population is 1.1% and increases to 2.5% in unselected breast cancer 
cases up to 4.9% in familial breast cancer cases.1,3 

Lifetime breast cancer risk for unaffected women with a CHEK2*1100delC mutation 
and a first degree relative with breast cancer has been estimated to be approximately 
25%.4 Fletcher et al. calculated a 37% lifetime risk for carrier daughters of carrier 
mothers affected with bilaterally breast cancer (n=71) compared to a 18% risk for  
non-carrier daughters.5 A CHEK2*1100delC meta-analysis (based upon n=4,546 
familial breast cancer cases) concluded that carriers have an estimated cumulative 
breast cancer risk of 37% (95% confidence interval (CI): 26-56%) up to age 70 when 
from a familial breast cancer setting.6

Recently Cybulski et al. estimated lifetime risk for breast cancer conferred by one 
of the three known truncated CHEK2 mutations (n=227, CHEK2*1100delC n= 49). 
The lifetime risk for breast cancer in CHEK2 mutation carriers increased from 20% for 
a woman with no affected relative up to 44% for a carrier woman with both a first- and 
second degree relative with breast cancer.7 

The reported increased risk of heterozygous carriers (or daughters) in a familial 
breast cancer setting was suggested to be caused by a polygenic model in which 
other genetic risk factors (common risk alleles) in these families contribute to the 
individual risk.8-10 

So far no consensus has been reached worldwide on the clinical usefulness of 
diagnostic testing of CHEK2. If a substantial difference in breast cancer risk due to 
CHEK2 could be confirmed within a familial non-BRCA1/2 setting, the clinical value of 
genetic testing for the CHEK2*1100delC mutation would become clearer as a more 
intensive surveillance would be recommendable.6

Challenges, such as differences in mutation rates in different populations, 
incomplete penetrance of the mutation in families, and the relative low lifetime risks in 
carriers from the general population, fuel the controversy.4,11,12 Our present study was 
conducted in a country with a high prevalence of CHEK2*1100delC. 

The aim of this study was to determine the excess breast cancer risk caused by the 
CHEK2*1100delC mutation within a familial breast cancer setting in order to assess 
the clinical usefulness of diagnostic testing for the CHEK2*1100delC mutation in a 
familial non-BRCA1/2 breast cancer setting in the Dutch population. We compared 
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cancer incidences in first degree relatives of familial CHEK2*1100delC mutation 
positive breast cancer patients with the cancer incidences in relatives of familial 
breast cancer patients without this mutation. 

Patients and Methods
Patient selection, study design and data collection
Female patients with the earliest onset of breast cancer in the family (index case) 
of a consecutive series of 2,554 independent non-BRCA1/2 breast cancer families 
from three Dutch Clinical Genetics Centers were genotyped for the CHEK2*1100delC 
mutation in a previously published familial breast cancer study.13 The CHEK2*1100delC 
positive index cases and the CHEK2*1100delC negative index cases were selected 
from this cohort. All index cases were previously fully screened for BRCA1/2 mutations 
and found negative. All tested persons had given informed consent to screen for 
novel breast cancer susceptibility genes. Breast cancer families were predominantly 
from Caucasian Dutch descent based on last name and birth place ancestors (a 
GWA study with similar selection showed approximately 2.5% of cases might have a 
different ethnical background; Dr. Q. Waisfisz, VU University Medical Center). 

Heterozygosity for the CHEK2*1100delC mutation was identified in 112/2554 (4.4%) 
index cases (female breast cancer patients), corresponding with the prevalence in a 
familial setting. 

The remaining families were considered CHEK2*1100delC negative families on the 
basis of a negative test result of the tested index. For this study breast cancer patients 
with unconfirmed invasive breast cancer were subsequently excluded, including five 
CHEK2*1100delC heterozygous breast cancer cases. 

Each of the remaining 107 heterozygous CHEK2*1100delC familial breast cancer 
patients (CHEK2 positive index cases) were matched on birth year (within 1 year) and 
center with three familial female breast cancer patients without the CHEK2*1100delC 
mutation from the same non-BRCA1/2 cohort (CHEK2 negative index cases) 
(Figure 1).

Four heterozygous cases were incompletely matched and therefore 314 CHEK2 
negative families (instead of 321) were analyzed. 

Both CHEK2*1100delC mutation positive families and CHEK2*1100delC negative 
families were assumed to share comparable burdens of genetic susceptibility of breast 
cancer and environmental risk factors, with the only difference CHEK2*1100delC 
positivity. No actual epidemiological risk factor data were available to test this 
assumption. 
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Detailed pedigree and medical information of all first degree relatives, available at 
the three clinical genetics services were entered in SPSS. All individual birth dates 
if known were entered, and if applicable, the cancer sites, number of cancers, date 
or age of cancer diagnosis, if hospital/pathology confirmed, for breast cancer also 
side and type, and date or age of death. Cancer analysis was performed for the 
parent and sibling generation of the 421 breast cancer patients (107 CHEK2 positive 
and 314 CHEK2 negative), consisting of a total of 2,188 individuals; 1,057 males and 
1,131 females. Half-siblings and persons with unknown gender were excluded from 
analysis. CHEK2*1100delC mutation status was not known for these relatives. By 
selection, first degree relatives of the CHEK2*1100delC positive index cases had at 
least 50% probability of being carrier for the CHEK2*1100delC mutation. 

The number of relatives in the parent and sibling generation also matched nicely 
one to three accordingly to the index cases (CHEK2 positive versus CHEK2 negative) 
(Table 1). The total number of mothers analyzed was 420 (ratio mothers of CHEK2 
positive families : mothers of CHEK2 negative families was 107 : 313). The total number  
of sisters analyzed was 711 (ratio sisters of CHEK2 positive families : sisters of CHEK2 
negative families 176 : 535). 

Figure 1  Pedigree example of CHEK2 positive and negative breast cancer index cases and first 
degree relatives for analysis
Black circles indicate the non-BRCA1/2 index case with breast cancer, which is either CHEK2 
positive or CHEK2 negative. CHEK2 positive index cases were matched 1:3 with CHEK2 negative 
index cases only by year of birth and within genetic center.    
Grey circles and squares represent the first degree relatives that were included for cancer analysis.  
n = number of relatives included in analysis depending on the size of families. 
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Fifty-nine sisters of a total of 711 were missing in the Kaplan-Meier estimates due 
to missing age (n=8 sisters of CHEK2 positive index cases, n=33 sisters of CHEK2 
negative index cases) or death before age 20 (n=3 sisters of CHEK2 positive index 
cases and n=15 sisters of CHEK2 negative index cases). 

Overall, birth cohorts of the CHEK2 positive families and the CHEK2 negative 
families were comparable. No differences in secular trends for breast cancer were 
seen between the CHEK2 positive families and CHEK2 negative families. 

Statistical Analysis
All analyses were performed using SPSS version 15 (SPSS Inc, Chicago, IL).
For each individual, follow-up was retrospectively observed from date of birth until 
date of death or last contact with family. 
In this paper the main focus was the breast cancer risk comparison in first degree 
female relatives (mothers and sisters) of the CHEK2*1100delC positive index cases 
and CHEK2*1100delC negative index cases. This comparison was performed in two 
ways. The age-specific cumulative breast cancer incidence was estimated for the 
sisters and mothers of the CHEK2 positive cases, together and separately, as well 
as for the sisters and mothers of the CHEK2 negative cases with the Kaplan-Meier 
estimators. The estimated curves for the sisters of CHEK2 positive index cases and 
sisters of CHEK2 negative index cases were compared by the log-rank test. p-Values 

Table 1  Number and age range of analyzed individuals per generation for the 
CHEK2*1100delC positive and negative families

� CHEK2 positive CHEK2 negative

� n mean age age-range n mean age age-range

Index cases 107 50 26 - 86 314 50 28 - 90

Median age 
     1st BC � 46 � � 43 �

Fathers 107 70 41 - 91 314 71 36 - 100

Mothers 107 70 40 - 95 313 71 29 - 102

Brothers 144 50 0.0 - 80 492 52 1.0 - 90

Sisters 176 49 0.8 - 81 535 51 0.0 - 90

n = number of individuals, with ages in years per generation, BC = breast cancer, 
CHEK2 positive = concerns CHEK2*1100delC mutation positive index cases and their
fi rst degree relatives, CHEK2 negative = concerns CHEK2*1100delC negative index 
cases and their relatives. Genotype for relatives is unknown in both groups. 
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below 0.05 were considered significant. The same was done for the mothers and the 
combined group of mothers and sisters. Furthermore, with Cox regression analysis 
the uncorrected hazard ratios (HR) (CHEK2 positive versus CHEK2 negative) with 
95% CI were computed for breast cancer in sisters and mothers, as well as for second 
primary breast cancer in index cases. 

This latter analysis was also done for other cancer types and overall cancer (i.e. 
except breast cancer), for the parent and sibling generations separately. Male first 
degree relatives were included in these analyses. 

Results 

The analyzed cohort of first degree relatives of CHEK2 carriers (with at least 50% 
presumed carriers) and non-carrier familial breast cancer patients comprised of 2,188 
individuals. 

Figure 2 shows the comparison of the cumulative incidence curves for breast 
cancer until age 75 in the mothers and sisters, combined and separately, of the 
CHEK2*1100delC positive index cases versus the mothers and sisters of the index 
cases without the CHEK2*1100delC mutation. 

Cumulative breast cancer incidence at age 75 of first degree female relatives 
(mothers and sisters together) was estimated to be 53% (95% CI: 45 - 62%) in the 
CHEK2 positive families and 34% (95% CI: 29 - 38%) in the CHEK2 negative families. 
For the generations separately, these percentages were 37% (95% CI: 27 - 48%) 
for the mothers of CHEK2 positive index cases, and 27% (95% CI: 21 - 32%) for the 
mothers of CHEK2 negative index cases (p=0.04, log-rank test), and 85% (95% CI: 
71 - 98%) for the sisters of CHEK2 positive index cases and 39% (95% CI: 32 - 46%) 
for the sisters of CHEK2 negative index cases (p<0.001, log-rank test). It is important 
to note that hardly any data were available for the sisters above the age of 65 years as 
reflected by wide confidence intervals above this age. Although sisters and mothers 
of CHEK2 positive index cases had the same prior probability of at least 50% of being 
a CHEK2*1100delC carrier, the sisters showed a higher estimated cumulative breast 
cancer incidence curve than their mothers.

The hazard ratio for breast cancer in CHEK2 positive index cases versus CHEK2 
negative index cases was not significant different from one (HR 0.90, 95% CI: 0.72-
1.1, p=0.35), but it was for their relatives (Table 2). Mean age of first breast cancer 
diagnosis was 46 years for CHEK2 positive index cases and 43 years for CHEK2 
negative index cases. 
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Figure 2  Kaplan-Meier curves for 
breast cancer incidence for first 
degree relatives of CHEK2*1100delC 
mutation positive (red) and negative 
(green) breast cancer index cases 
Kaplan-Meier curves for breast 
cancer incidence in mothers and 
sisters of CHEK2*1100delC mutation 
positive index cases (red) and of 
CHEK2*1100delC negative index 
cases (green), both from non-BRCA1/2 
breast cancer families. (A) Overall 
(mothers and sisters combined), (B) 
Mothers, and (C) Sisters of CHEK2 
negative and CHEK2 positive index 
cases. 
Number of first degree women at risk 
for breast cancer are displayed in the 
table below the x-axis.
Cumulative breast cancer risk (on 
y-axis) at age 75 was (A) 53% (95% 
CI: 44-62%) CHEK2 positive and 34% 
(29-38%) CHEK2 negative, (B) 37% 
(27%-48%) CHEK2 positive and 27% 
(21%-32%) CHEK2 negative, and (C) 
85% (71%-98%) CHEK2 positive and 
39% (32%- 46%) CHEK2 negative.

A Overall

B Mothers

C Sisters
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A significant difference in hazard ratio for breast cancer was seen for the mother 
and sister generations combined (HR 1.7, 95% CI: 1.3-2.2, p<0.01). Comparing 
mothers of the CHEK2 positive index cases with mothers of the CHEK2 negative 
index cases showed a (slightly) significant HR of 1.6 (95% CI: 1.0-2.4, p=0.041).

Furthermore a highly significant HR of 2.0 (95% CI: 1.4-2.7, p<0.001) was found for 
the sisters of the CHEK2 positive index cases versus the CHEK2 negative index cases 
(Table 2). Since the number of sisters at risk in the data-set is rapidly decreasing with 
age, the HR was also estimated when the sisters were censored at the ages 50, 60, 
65 and 75. The HR remained significantly different from one; they were 1.5 (95% CI: 
0.99-2.4, p=0.053), 1.8 (95% CI: 1.3-2.5, p=0.001), 1.7 (95% CI: 1.2-2.4, p=0.003), 
and 2.0 (95% CI: 1.4-2.7, p<0.001), respectively.

Cox regression analysis was performed for second primary breast cancer in the 
index cases’, mothers’ and sisters’ groups, comparing women of the CHEK2 positive 
families versus the CHEK2 negative families. A HR significantly higher than one was 
found in the index cases (HR 2.1, 95% CI: 1.3-3.3, p=0.003) and their sisters (HR 
2.6, 95% CI: 1.1-6.1, p=0.025)(Table 2). Second primary breast cancer in the CHEK2 
positive index cases (n=27) were primarily contralateral breast cancers (n=25/27, 
93%), which was significantly (p=0.038, χ2-test) different from CHEK2 negative 
index cases (n=32/46, 70%). Median time between first and second breast cancer 
in unilateral patients was 8.0 years for CHEK2 positive index cases and 6.7 years for 
CHEK2 negative index cases. 

Table 2  Hazard ratios per cancer site per generation

Cancer (site) Parents Siblings Index cases

HR (95% CI) p HR (95% CI) p HR (95% CI) p

Breast (F) 1.6 (1.0-2.4) 0.041 2.0 (1.4-2.7) <0.001 0.90 (0.72-1.1) 0.35

Second primary breast (F) 1.4 (0.47-4.2) 0.53 2.6 (1.1-6.0) 0.025 2.1 (1.3-3.3) 0.003

Colorectal
   (F)
   (M)

1.6 (0.23-8.6)
1.8 (0.52-6.1)

0.60 
0.35

1.7 (0.32-8.6)
0.04 (0.00-∞)

0.55
0.82 1.2 (0.11-13) 0.89

Overall 
   (F)
   (M)

1.0 (0.58-1.7)
1.3 (0.81-2.0)

0.99
0.30

1.2 (0.63-2.4)
0.31 (0.07-1.3)

0.56
0.12 1.6 (0.78-3.2) 0.20

Results from Cox regression analysis with Hazard ratio (HR) of CHEK2 positive versus CHEK2 negative index cases 
and their parents and siblings with 95% confi dence interval (CI) and p-value for each cancer site. Primary breast 
cancer was censored at age 75 and calculated for women only. Secondary breast cancer, colorectal cancer and 
overall cancer were calculated for the whole time-line.    
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Cox regression analysis was also performed for each cancer site (32 different ones 
coded) separately. Male first degree relatives were included for analyzing all other 
cancer types (except breast cancer). A limitation herein was the limited number of 
certain cancer types for subgroup comparisons. Table 3 shows the total number of 
above described cancers in the CHEK2 positive and CHEK2 negative index cases 
and their female and male first degree relatives. The ratio of CHEK2 positive : CHEK2 
negative index cases (and relatives) of 1 : 3 should be taken into account in the absolute 
number of cancers enlisted.

Of note, colorectal cancer incidence in CHEK2 positive families did not differ 
significantly when compared with CHEK2 negative families. Colorectal cancer was 
included in Table 2 and 3 because of the previously reported association with the 
CHEK2*1100delC mutation.14-16 

Table 3  List and total numbers of described cancers   

�Cancer (site) � CHEK2 positive CHEK2 negative

� Parents Siblings Index 
cases Parents Siblings Index 

cases

Breast cancer (trunc. 75) F 34 56 106 71 105 313

Second primary breast F 5 11 27 10 11 47

Colorectal F 4 2 1 5 5 3

 M 6 0 12 3

Overall F 21 14 12 67 52 22

� M 36 7 106 42

Total numbers of (relevant) cancers in the CHEK2 positive and CHEK2 negative index cases and their female 
and male fi rst degree relatives. The CHEK2 positive versus CHEK2 negative ratio of 1 : 3 in index cases 
(and relatives) should be taken into account in the absolute number of cancers enlisted. Two index cases 
(one CHEK2 positive and one CHEK2 negative) are not listed due to fi rst breast cancer diagnosis above 
the age of 75. 
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Discussion

This study strongly confirms an increased breast cancer risk among first degree 
relatives of CHEK2*1100delC familial non-BRCA1/2 breast cancer patients. 

This large familial retrospective cohort is unique to identify the excess breast 
cancer risk related to the CHEK2*1100delC mutation and its multiplicative effect in a 
familial non-BRCA1/2 setting. Population heterogeneity and ascertainment bias was 
minimized by matching CHEK2 positive families and CHEK2 negative families (1:3) 
randomly and solely by year of birth of the index within the same familial non-BRCA1/2 
cohort and center.   

It is important to note that the breast cancer risk estimates for the first degree 
relatives of the CHEK2 negative cohort confirm the previously published increased 
relative risk (RR) of 2 for first degree relatives of non-BRCA1/2 familial breast cancer 
cases.10,17 Therefore, the difference in breast cancer cumulative incidence curves in 
Figure 2 implicates a high breast cancer risk due to the CHEK2*1100delC mutation, 
on top of the currently known increased breast cancer risk in a familial breast cancer 
setting. Clearly, base-line breast cancer risk is increased in both CHEK2 positive and 
CHEK2 negative families due to their selection from a strongly enriched cohort of 
familial breast cancer.  

Comparing our study to other prior published studies by Fletcher et al., Weischer et 
al. and Cybulski et al. is difficult due to their different approaches and different patient 
ascertainments.5-7 In the large meta-analysis of Weischer et al. the cumulative breast 
cancer risk at age 70 in CHEK2*1100delC carriers was estimated to be 37% (95% CI: 
26-56%). Our data suggest a higher breast cancer risk at age 70 years, as we found 
a cumulative breast cancer risk of 48% (95% CI: 40-57%) in first degree relatives with 
a likelihood of at least 50% of being CHEK2*1100delC carrier. 

Johnson et al. reported a cumulative breast cancer risk of 59% (95% CI: 34-85) in 
first degree relatives of CHEK2*1100delC positive bilaterally affected breast cancer 
patients. Their results are well in line with our results.18 

In our opinion, the difference in breast cancer risk between the non-BRCA1/2 
familial groups in our study warrants CHEK2*1100delC testing in a familial setting and 
adjusting breast surveillance accordingly. Corresponding with the current guidelines 
for high risk groups, first degree female relatives of CHEK2*1100delC positive 
breast cancer cases would be advised intensive breast surveillance in a specialist 
environment from age 35 onward. 

The age-specific cumulative risks as mentioned in the results section should be 
looked at with cautiousness and are solely indicative for the difference in breast 
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cancer risk within a familial non-BRCA1/2 cohort. Cumulative risks for the sisters 
are high in both groups when compared to their mothers. This is likely due to known 
secular trends in breast cancer incidence, the limited numbers of sisters per family, 
resulting in wide confidence intervals, their presence in a strongly enriched cohort 
of familial breast cancer (recruitment influence) and the likelihood of more shared 
common genetic (oligogenic) risk alleles with their affected sisters (index cases) in 
comparison to shared genetic factors between mothers and daughters. By the way 
of recruitment the CHEK2*1100delC carrier ship in the sister and mother group of 
CHEK2 positive index cases is more likely to be higher than 50%. Due to the selected 
familial setting, sisters of CHEK2 positive index cases are more likely to be carriers and 
affected with breast cancer. 

Ideally we would like to compare cancer risk in CHEK2*1100delC carrier siblings 
versus non-carrier siblings of the same CHEK2 positive families; however carrier 
information was not available. Therefore prospective assessment of the actual 
cumulative risk for sisters with known genotypes would be an attributable study in 
the future. This prospective assessment would also be valuable in fine-tuning optimal 
breast surveillance and determine if it would be reasonable to wait until age 40 to 
initiate breast surveillance and continue beyond the age of 60 in this specific group. 

The current study supports previous studies in which there is a significantly higher 
risk for secondary breast cancer in CHEK2*1100delC positive index cases (p=0.003), 
as well as the sisters of the CHEK2 positive families.5,19-21 Therefore, longer duration of 
follow-up aiming at early detection of second primary breast tumors seems advisable in 
CHEK2*1100delC mutation positive breast cancer cases from non-BRCA1/2 settings. 

Colorectal cancer incidence was analyzed and no difference between CHEK2 
positive and CHEK2  negative index cases and relatives was found. This may be 
related to the fact that our cohort was selected by the occurrence of familial breast 
cancer, and not by familial colorectal cancer. The clinical phenotype conferred by 
CHEK2*1100delC might importantly be influenced by tumor type specific interacting, 
genetic or non-genetic risk factors.14-16,18,21,22 Above findings support that the 
CHEK2*1100delC allele seems to act in a multiplicative way with other (unknown) 
additional co-inherited risk alleles in a polygenic model.

Several other founder mutations in CHEK2 are known to confer an increased 
breast cancer risk. These however occur with a wide variable prevalence in different 
populations.4 It is likely that heterozygosity for other deleterious CHEK2 mutations in 
women might as well be associated with an excess breast cancer risk in a familial 
setting. Therefore testing for other deleterious mutations in CHEK2 should be 
considered in these populations. 
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Conclusions

A significantly increased breast cancer risk was observed in first degree relatives 
of familial non-BRCA1/2, CHEK2*1100delC positive breast cancer patients in 
comparison to first degree relatives of non-BRCA1/2, CHEK2*1100delC negative 
familial breast cancer patients. This effect was most markedly seen for sisters. In 
addition, we confirmed that CHEK2*1100delC positive familial breast cancer patients 
have a higher risk for secondary primary breast cancer risk in comparison to non-
CHEK2*1100delC familial breast cancer patients. This study is unique in its ability to 
quantify the risk for affected and unaffected women with a CHEK2*1100delC positive 
family history of breast cancer as seen at our genetics departments. Diagnostic 
testing for the CHEK2*1100delC mutation is in our view important and sensible for 
both breast cancer patients and their first degree relatives, especially their sisters, in 
a familial non-BRCA1/2 breast cancer setting to adjust and optimize the necessary 
preventive strategies. 

Acknowledgements
We are very thankful to all participating families. We would like to thank Roeline van 
der Eijk for helping with the data entry and Joop Kuik for initial data analysis. We would 
also like to thank Anja Nieuwlaat and Ellen Crepin for data management support. 
Finally our thanks go out to Saskia van Mil, Richard van Hien, Linde Braaf and Roelof 
Pruntel (NKI) for technical assistance.

hfst 8.indd   141 24-09-13   11:54



References

143142

References 

1. Meijers-Heijboer H, van den Ouweland A, Klijn J, Wasielewski M, de Snoo A, 
Oldenburg R, Hollestelle A, Houben M, Crepin E, van Veghel-Plandsoen M et al. Low-
penetrance susceptibility to breast cancer due to CHEK2*1100delC in noncarriers of 
BRCA1 or BRCA2 mutations. Nat Genet. 2002 31(1):55-59. 

2. Antoni L, Sodha N, Collins I, Garrett MD. CHK2 kinase: cancer susceptibility and 
cancer therapy - two sides of the same coin? Nat Rev Cancer. 2007 7(12):925-936. 

3. The CHEK2 breast cancer case-control consortium. CHEK2*1100delC and 
susceptibility to breast cancer: A collaborative analysis involving 10,860 breast cancer 
cases and 9,065 controls from 10 studies. Am J Hum Genet. 2004 74(6):1175–1182.

4. Narod SA. Testing for CHEK2 in the cancer genetics clinic: ready for prime time? 
Clin Genet. 2010 78(1):1-7

5. Fletcher O, Johnson N, Dos Santos Silva I, Kilpivaara O, Aittomäki K, Blomqvist 
C, Nevanlinna H, Wasielewski M, Meijers-Heijerboer H, Broeks A et al. Family history, 
genetic testing, and clinical risk prediction: pooled analysis of CHEK2*1100delC in 
1,828 bilateral breast cancers and 7,030 controls. Cancer Epidemiol Biomarkers Prev. 
2009 18(1):230-234.

6. Weischer M, Bojesen SE, Ellervik C, Tybjaerg-Hansen A, Nordestgaard BG.  
CHEK2*1100delC genotyping for clinical assessment of breast cancer risk: meta-
analyses of 26,000 patient cases and 27,000 controls. J Clin Oncol. 2008 26(4):542-
548.

7. Cybulski C, Wokołorczyk D, Jakubowska A, Huzarski T, Byrski T, Gronwald J, 
Masojć B, Deebniak T, Górski B, Blecharz P, Narod SA, Lubiński J. Risk of breast 
cancer in women with a CHEK2 mutation with and without a family history of breast 
cancer. J Clin Oncol. 2011 29(28):3747-3752.

8. Pharoah PDP, Antoniou A, Bobrow M, Zimmern RL, Easton DF, Ponder BAJ. 
Polygenic susceptibility to breast cancer and implications for prevention. Nat Genet. 
2002 31(1):33-36. 

hfst 8.indd   142 24-09-13   11:54



8
chapter

143142

9. Oldenburg RA, Kroeze-Jansema K, Kraan J, Morreau H, Klijn JG, Hoogerbrugge 
N, Ligtenberg MJ, van Asperen CJ, Vasen HF, Meijers C et al. The CHEK2*1100delC 
variant acts as a breast cancer risk modifier in non-BRCA1/2 multiple-case families. 
Cancer Res. 2003 63(23):8153-8157.   

10. Collaborative Group on Hormonal Factors in Breast Cancer. Familial breast 
cancer: collaborative reanalysis of individual data from 52 epidemiological studies 
including 58 209 women with breast cancer and 101 986 women without the disease. 
Lancet. 2001 358(9291):1389-1399. 

11. Offit K, Garber JE. Time to check CHEK2 in families with breast cancer?
J Clin Oncol. 2008 26(4):519-520. 

12. Robson M. CHEK2, breast cancer, and the understanding of clinical utility. Clin 
Genet. 2010 78(1):8-10.

13. Adank MA, Jonker MA, Kluijt I, van Mil SE, Oldenburg RA, Mooi WJ, Hogervorst FB, 
van den Ouweland AM, Gille JJ, Schmidt MK et al. CHEK2*1100delC homozygosity is 
associated with a high breast cancer risk in women. J Med Genet. 2011 48(12):860-
863. 

14. Gronwald J, Cybulski C, Piesiak W, Suchy J, Huzarski T, Byrski T, Gorski B, 
Debniak T, Szwiec M, Wokolowczyk D et al. Cancer risks in first-degree relatives of 
CHEK2 mutation carriers: effects of mutation type and cancer site in proband. Br J 
Cancer. 2009 100(9):1508-1512.

15. Wasielewski M, Vasen H, Wijnen J, Hooning M, Dooijes D, Tops C, Klijn JG, 
Meijers-Heijboer H, Schutte M. CHEK2 1100delC is a susceptibility allele for HNPCC-
related colorectal cancer. Clin Cancer Res. 2008 14(15):4989-4994.

16. Xiang HP, Geng XP, Ge WW, Li H. Meta-analysis of CHEK2*1100delC variant and 
colorectal cancer susceptibility. Eur J Cancer. 2011 47(17):2546-2551.

17. Bevier M, Sundquist K, Hemminki K. Risk of breast cancer in families of multiple 
affected women and men. Breast Cancer Res Treat. 2011 132(2):723-728.

hfst 8.indd   143 24-09-13   11:54



References

145144

18. Johnson N, Fletcher O, Naceur-Lombardelli C, dos Santos Silva I, Ashworth 
A, Peto J. Interaction between CHEK2*1100delC and other low-penetrance breast-
cancer susceptibility genes: a familial study. Lancet. 2005 366(9496):1554-1557.

19. Broeks A, de Witte L, Nooijen A, Huseinovic A, Klijn JG, van Leeuwen FE, Russell 
NS, van ‘t Veer LJ. Excess risk for contralateral breast cancer in CHEK2*1100delC 
germline mutation carriers. Breast Cancer Res Treat. 2004 83(1):91-93. 

20. Mellemkjaer L, Dahl C, Olsen JH, Bertelsen L, Guldberg P, Christensen J, 
Børresen-Dale AL, Stovall M, Langholz B, Bernstein L et al. Risk for contralateral 
breast cancer among carriers of the CHEK2*1100delC mutation in the WECARE 
Study. Br J Cancer. 2008 98(4):728-733. 

21. Evans DG, Ahmed M, Bayliss S, Howard E, Lalloo F, Wallace A. BRCA1, BRCA2 
and CHEK2 c.1100 delC mutations in patients with double primaries of the breasts 
and/or ovaries. J Med Genet. 2010 47(8):561-566. 

22. Thompson D, Seal S, Schutte M, McGuffog L, Barfoot R, Renwick A, Eeles R, 
Sodha N, Houlston R, Shanley S et al. A multicenter study of cancer incidence in 
CHEK2*1100delC mutation carriers. Cancer Epidemiol Biomarkers Prev. 2006 
15(12):2542-2545. 

hfst 8.indd   144 24-09-13   11:54


