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Summary

Family history is a risk factor for breast cancer and could be due to shared environmental factors or poly-
morphisms of cancer susceptibility genes. Deficient function of DNA repair enzymes may partially explain
familial risk as polymorphisms of DNA repair genes have been associated, although inconsistently, with breast
cancer. This population based case–control study examined the association between polymorphisms in XPD
(Lys751Gln) and XRCC1 (Arg399Gln and Arg194Trp) genes, and breast cancer. Breast cancer cases (n=321)
and controls (n=321) were matched on age and menopausal status. Conditional logistic regression was used to
estimate odds ratios (OR) and 95% confidence intervals (CI). The analysis was conducted omitting observations
with missing data, and by using imputation methods to handle missing data. No significant association was
observed between the XPD 751Gln/Lys (OR 1.37, 95% CI 0.96–1.96) and Gln/Gln genotypes (OR 1.08, 95%
CI 0.62–1.86) (referent Lys/Lys), XRCC1 399Arg/Gln (OR 1.48, 95% CI 0.92–2.38) and Gln/Gln genotypes
(1.11, 95% CI 0.67–1.83) (referent Arg/Arg) or the XRCC1 Arg/Trp and Trp/Trp genotypes (OR 1.12, 95% CI
0.69–1.83) (referent Arg/Arg) and breast cancer. In multivariate analysis, the adjusted odds ratios for the XPD
and XRCC1 399 polymorphisms increased and became statistically significant, however, were attenuated when
imputation methods were used to handle missing data. There was no interaction with family history. These
results indicate that these polymorphisms in XPD and XRCC1 genes are only weakly associated with breast
cancer. Without imputation methods for handling missing data, a statistically significant association was ob-
served between the genotypes and breast cancer, illustrating the potential for bias in studies that inadequately
handle missing data.

Introduction

Family history of breast cancer is a particularly important
risk factor for breast cancer, however, the inheritance of
highly penetrance gene mutations accounts for only 5–
9% of breast cancer cases [1]. The increased risk of
breast cancer for the majority of women with a family
history likely reflects shared minor low penetrant genetic
factors and, to a lesser extent, shared environmental
factors. Even among women without a family history,

twin studies suggest that inheritance of low penetrant
genes, rather than environment, is the major breast
cancer risk factor [2].

Single nucleotide polymorphisms (SNPs) of genes
that have a significant effect on DNA repair capacity
have been investigated as breast cancer susceptibility
genes [3]. Of particular interest are polymorphisms of
the xeroderma pigmentosum group D (XPD) and X-ray
repair cross-complementing group 1 (XRCC1) genes,
which are involved in the nucleotide excision (NER) and
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the base excision (BER) DNA repair pathways, respec-
tively. Despite evidence of functional significance of
selected SNPs of the XPD [4,5] and XRCC1 DNA re-
pair genes [6–10], data from hospital and population-
based case–control studies have shown inconsistent
findings of an association between the XPD Lys751Gln
and XRCC1 Arg399Gln polymorphisms and risk of
sporadic breast cancer [11–14].

Interestingly, a population-based case–control study
from the Ontario Breast Cancer Family Registry found
that while there was no evidence for a main effect of the
XRCC1 399Gln variant allele on breast cancer risk,
there was a statistically significant interaction observed
with having a family history of breast cancer [14]. This
finding suggests that SNPs of selected DNA repair genes
may contribute to familial susceptibility to breast cancer
or that studying families with a history of cancer in-
creases the efficacy of identifying candidate-susceptibil-
ity genes [14].

A nested case–control study was conducted within an
ongoing cohort study based in Washington County
Maryland, CLUE II, to evaluate the association be-
tween the XPD Lys751Gln, XRCC1 Arg399Gln, and
XRCC1 Arg194Trp genotypes and breast cancer risk.
The effect modification of family history was examined
among this population of women to assess the contri-
bution of these DNA repair SNPS to familial breast
cancer risk. To further explore the relationship between
the DNA repair SNPs and breast cancer development,
statistical methods to account for missing data were
used in the analysis to both ensure validity of the find-
ings and reduce any bias potentially introduced by
dropping observations with missing data.

Methods

A nested case–control study was conducted using the
population based CLUE II cohort. The CLUE II cohort
was established in 1989. Individuals residing in Wash-
ington County, Maryland, and surrounding regions
were invited to donate blood for cancer and heart dis-
ease research (campaign slogan ‘Give us a clue to cancer
and heart disease’). The CLUE II cohort consists of
32,892 individuals including approximately 30% of
county residents [15]. Collected blood specimens were
centrifuged, separated as buffy coat, red blood cells, and
plasma, and then stored at )70 �C. Cancers that develop
among cohort participants were ascertained through
linkage to both the Washington County and, since 1992,
the Maryland State Cancer Registries. In 1996, and
about every two years afterwards, participants were
asked to complete a follow-up questionnaire asking
about health events, medication use, and cancer risk
factors.

For this study, 321 incident cases of breast cancer
that occurred after blood donation to CLUE II in 1989
were identified. Incident cases were defined as women
with a first-time diagnosis of breast cancer (International

Classification of Disease-8 174 and ICD-9 174). Cases
were excluded if they had a diagnosis of any other
cancer except for non-melanoma skin cancer and cer-
vical cancer in situ, or were under 18 at the time of blood
donation. Three hundred and twenty one controls were
individually matched to cases by gender (female sex),
age at blood donation (within one year), and meno-
pausal status at blood donation. Selected controls were
cancer-free, except possibly for non-melanoma skin
cancer and cervical cancer in situ, and were not known
to be deceased up to the date of diagnosis of the case.

Information on breast cancer risk factors was ob-
tained from several sources including a questionnaire
that was sent in 1995 to a portion of the CLUE II breast
cancer cases and controls who were part of a case–
control study on organochlorine compounds and a 1996
follow-up questionnaire that was sent to all CLUE II
participants. The overall response rate to the 1996
questionnaire was 79%, with an 81% response rate
among CLUE II female participants. The 1995 ques-
tionnaire response rates were 89% for breast cancer
cases and 79% for controls [15]. The questionnaires
contained detailed information on family history of
breast cancer, reproductive history, medication history
and selective dietary intake. Information on breast
cancer risk factors including age at menarche, age at first
birth and family history of breast cancer among first
degree relatives and grandparents was missing for
approximately 16% of cases and 20% of controls. There
was missing genotype information for XPD Lys751Gln
(12 cases, 3 controls) XRCC1 Arg399Gln (16 cases, 11
controls) and XRCC1 Arg194Trp (12 cases, 4 controls).
The study was approved by the Committee of Human
Research of the Johns Hopkins Bloomberg School of
Public Health.

Genotyping

Genomic DNA was extracted from peripheral buffy coat
using the alkaline lysis method [16]. Extracted DNA
samples were resuspended in 10 mM Tris–HCl/1 mM
EDTA (TE) and the DNA concentration quantified by
absorbance at 260 nm (A260). DNA concentration was
set at 100 lg/ml. The XPD Lys751Gln, XRCC1
Arg399Gln and XRCC1 Arg194Trp genotypes were
assessed using the patented fluorogenic method for nu-
cleic acid analysis commonly known as the Taqman� or
5’nuclease assay (Applied Biosystems Division, Perkin-
Elmer, Foster City, CA). For 115 of the cases and 115
controls, the XPD codon 751 and XRCC1 codons 399
and 194 genotyping was also conducted using a poly-
merase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) technique with primers as
previously described [4]. The PCR program consisted of
a 4 min denaturation step at 94 �C followed by 30 cycles
of 30 s at 94 �C, 30 s at 60 �C, and 60 s at 72 �C. The
PCR products were digested for 2 h at 37 �C with the
MboII restriction enzyme. The digestive products were
separated using 2% agarose gel electrophoresis. The
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concordance was 94% for the study samples genotyped
with both the Taqman and PCR techniques. When there
was a discrepancy with the Taqman assay, the PCR
genotype results were used for the analysis.

Statistical analysis

Differences in the distribution of breast cancer risk
factors between breast cancer cases and controls were
compared using chi square tests. These included: edu-
cation (years, <12, ‡12), history of first or second de-
gree relative with breast cancer (no, yes), age at
menarche (years, <12, 12–13, >13), age at first birth
(years, <20, 20–24, 25–29 and ‡30), history of oral
contraceptive use (never, former, current), history of
other hormone use (never, current estrogen, current
progesterone, former estrogen or progesterone) and
smoking exposure (never, former and current).

Hardy Weinberg equilibrium of the observed
frequency of the XPD and XRCC1 genotypes among
controls was tested with the goodness of fit chi-square.

Conditional logistic regression was used to calculate
the odds ratio (OR) and 95% confidence interval (CI)
for the association between the XPD Lys751Gln,
XRCC1 Arg399Gln and XRCC1 Arg194Trp genotypes,
and breast cancer. The breast cancer risk factors con-
sidered as possible confounders were age at menarche,
age at first birth, family history of breast cancer, hor-
mone use, duration of breastfeeding, and smoking his-
tory. With the exception of family history, none of these
risk factors was statistically significantly associated with
breast cancer and none changed the parameter estimates
by greater than 10% when entered in the multivariate
conditional logistic model. Therefore, only family his-
tory of breast cancer was adjusted for in the multivariate
conditional logistic model.

Because of the missing family history of breast cancer
and genotype data, we approached the conditional lo-
gistic analysis in two different ways. First, the analysis
was carried out omitting pairs of observations that had
missing data. Second, the data analysis was carried out
using complete data sets generated by multiple imputa-
tion [17,18]. We generated probability distributions for
the missing values, given the observed data, using deci-
sion trees. Independent samples from those probability
distributions were used to generate ten replicates of
imputed complete data sets. Parameter estimates and
standard errors were then combined from the analyses
of the individual complete data sets, taking the vari-
ability between the parameter estimates from the ten
data sets as well as the standard error in each parameter
estimate into account [17,18]. Analyses were performed
using Stata Statistical Software version 8.0 (Stata Cor-
poration, College Station, TX, 2004), and R version 2.01
(The R Project for Statistical Computing, http://
www.r-project.org/).

The association between the XPD and XRCCI
genotypes and breast cancer development was stratified
by family history of breast cancer to examine family

history of breast cancer as a potential effect modifier. To
allow for stratification by family history, the case–con-
trol sets were unmatched and analyzed using unconditional
logistic regression with imputation methods for missing
data. A conditional regression analysis was also per-
formed with an interaction term (genotype � family
history) included in the model.

Results

Cases and controls were nearly identical on age at blood
donation and menopausal status in 1989, suggesting that
the individual matching was successful (Table 1). The
majority of cases in the study were postmenopausal.
Cases were slightly more likely than controls to be
nulliparous, to have a history of current or former oral
contraception use and current or former estrogen and/or
progesterone use, but none of those differences was
statistically significant. However, cases were much more
likely than controls to have a family history of breast
cancer (p=<0.001). In univariate analysis, family his-
tory was associated with a statistically significant in-
creased risk of breast cancer of approximately 2.4-fold.
Imputation of missing family history data reduced the
width of the confidence interval but had little effect on
the odds ratio estimate (OR 2.43, 95% CI 1.54–3.84
versus OR 2.32, 95% CI 1.35–3.97).

Table 2 shows the association between the XPD
Lys751Gln, and XRCC1 Arg399Gln and XRCC1
Arg194Trp genotypes and breast cancer. In the univar-
iate conditional logistic model there was no statistically
significant association between the XPD and XRCC1
genotypes and risk of breast cancer. The univariate odds
ratios with imputation of missing genotype data as
shown in Table 2 were not substantially different from
the odds ratios obtained when case–control pairs with
missing genotype data were excluded from the analysis
(data not shown). Interestingly, the multivariate model
excluding missing observations (Model 1) resulted
in statistically significant estimates for genotypes
Lys751Gln and Gln751Gln of 1.90 and 2.18, respec-
tively (Lys751Lys referent genotype). In contrast, with
imputation of missing data (Model 2), the odds ratios
were attenuated with narrower confidence intervals that
were no longer statistically significant, for both XPD
genotypes. Although not as substantial, the findings for
the two XRCC1 codons were similar. In each case,
without imputation of missing values into the multi-
variate conditional logistic model, the effect was an in-
crease in the point estimates for the genotypes. Using
imputed data kept the odds ratio point estimates lower,
and narrowed the confidence intervals.

The distribution of genotypes in cases/controls
matched pairs with some missing data (i.e. the obser-
vations that would normally be dropped from condi-
tional logistic regression analysis), and the distribution
between matched pairs with no missing data (i.e.
observations retained in analysis) is shown in Table 3.
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The XPD 751Gln and XRCC1 194Trp distribution in
the cases/controls with missing data were different from
the distribution in the cases/controls with non-missing
data. Multiple imputation allowed the use of data from
the case/control pairs with missing data, and this re-
sulted in a lower estimate and narrower confidence
interval for the odds ratio estimates of the association
between the genotypes and breast cancer.

The association between XPD Lys751Gln, and
XRCC1 Arg399Gln and XRCC1 Arg194Trp genotypes
and breast cancer stratified by family history of breast
cancer is shown in Table 4. In the group of women with
a positive family history of breast cancer, the XRCC1
399Gln and XRCC1 194 Trp alleles were associated
with a nonstatistically significant decrease in the risk of
breast cancer. The p-values for interaction between XPD
751 and XRCC1 399 and 194 genotypes and family
history in the conditional regression model were not
statistically significant (data not shown).

Discussion

In this study, we evaluated the role of three DNA repair
gene SNPs in breast cancer within a well-defined large
cohort of mostly Caucasian women whom have been
followed for several decades in Washington County,
Maryland, and for whom both genetic and family
history data were available. The design was a nested
case–control study, matched on age and menopausal
status – two strong determinants of risk. We found that
family history of breast cancer was strongly and signif-
icantly associated with breast cancer risk in this popu-
lation. In the univariate analysis, there was no
significant breast cancer risk associated with the XPD
751Gln and XRCC1 399Gln and XRCC1 194Trp vari-
ant alleles and no evidence of an effect modification for
family history. In the multivariate model adjusted for
family history with missing observations excluded, there
was a statistically significant association observed be-
tween the XPD 751Gln and XRCC1 399Gln alleles and
breast cancer. However, the associations were attenu-
ated and became nonstatistically significant after impu-
tation methods were used to handle missing genotype
and family history data. This occurred because variation
in genotype distributions between case–control pairs
with and without missing family history data was not
adequately accounted for when paired observations with
missing family history data were dropped from analysis.
In contrast, imputation of family history data allowed
full incorporated of all genotype data, by restoring all
observations with genotype information back into the
analysis. This prevented the introduction of genotype
information bias, maintained the validity of the findings,
and presumably produced more accurate and reliable
measures of association.

An earlier population-based case–control study from
the Ontario Breast Cancer Family Registry of one of the
SNPs studied here (XRCC1 Arg399Gln), found an
association among women with a family history of
breast cancer, suggesting that the XRCC1 gene con-
tributed to the familial breast cancer in that population.
Our study, in a similar population of predominantly
Caucasian women, does not support this conclusion.
The Ontario Breast Cancer Family Registry study,
however, was limited to women under the age of 55 at
time of diagnosis and included breast cancer cases whom

Table 1. Distribution of selected characteristics and risk factors in

breast cancer cases and matched population controls

% Cases % Controls p-value

Age at enrollment (years) NA

£ 40 10.9 10.0

41–50 23.1 24.3

51–60 23.1 21.5

‡61 43.0 44.2

Menopausal status at enrollment NA

Post 70.7 70.4

Pre 24.6 26.2

Peri 1.6 2.5

Missing 3.1 0.9

Education (years) 0.21

<12 24.3 29.0

‡12 75.7 71.0

Family history of breast cancer 0.0002

Yes 20.6 9.0

No 62.6 70.7

Missing 16.8 20.2

Age at menarche (years) 0.17

<12 12.8 15.0

12–13 47.7 38.9

‡13 18.7 21.8

Missing 20.9 24.3

Age at first birth (years) 0.37

<20 18.1 17.4

20–24 31.5 31.5

25–29 14.6 13.7

‡30 3.4 4.7

Nulliparous 12.1 7.8

Missing 20.2 24.9

Oral contraception use at baseline 0.15

Never 73.5 75.4

Former 24.9 20.9

Current 1.6 2.8

Missing 0.0 0.9

Other hormone use at baseline 0.19

Never 78.5 77.9

Former 9.0 11.5

Current estrogen 6.9 6.2

Current estrogen/progesterone 3.1 1.9

Current progesterone 1.2 0.0

Missing 1.2 2.5

Cigarette smoking 0.25

Never 62.3 64.5

Former 25.2 20.2

Current 12.5 15.3
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were selected for having a family history of breast cancer
[14]. Genetic susceptibility to reduced DNA capacity
may be more apparent in younger breast cancer cases
who have also been shown to have a lower capacity to
repair UV damage compared to age matched controls
[19]. Smith et al. evaluated the frequency of the XRCC1
194Trp allele among breast cancer cases and controls
selected for having a family history of breast cancer and
found a similar genotype distribution [20]. In this study
of women unselected for family history of breast cancer,
the distribution of the XPD and XRCC1 SNPs were
similar among breast cancer cases and controls

indicating no association with breast cancer among
women in the general population.

Case–control studies of candidate genes are
frequently used to identify cancer-susceptibility alleles.
Since some highly penetrant breast cancer genes
(BRCA1,BRCA2, and ATM) have known DNA repair
functions, and because DNA repair genes have been
implicated in other germline cancer genes (e.g. mismatch
repair genes in familial colon cancer, and nucleotide
excision repair genes in familial skin cancer), it has been
suspected that polymorphisms in other DNA repair
pathways may represent low penetrance risk alleles.

Table 2. Breast cancer risk associated with XPD codon 751 and XRCC1 codons 399 and 194 genotypes using conditional logistic regression

models either without (Model 1) or with (Model 2) the imputation of missing data

Genotypes Univariate OR (95% CI) Multivariate adjusted aOR

(95% CI) Model 1

Multivariate adjusted aOR

(95% CI) Model 2

XPD 751

No. Of case/control pairs 321 202 321

Lys/Lys 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Lys/Gln 1.37 (0.96–1.96) 1.90 (1.20–3.00) 1.45 (1.00–2.10)

Gln/Gln 1.08 (0.62–1.86) 2.18 (1.08–4.40) 1.31 (0.74–2.34)

XRCC1 399

No. Of case/control pairs 321 199 321

Arg/Arg 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Arg/Gln 1.48 (0.92–2.38) 1.91 (1.05–3.46) 1.64 (1.00–2.69)

Gln/Gln 1.11 (0.67–1.83) 1.33 (0.69–2.57) 1.22 (0.73–2.06)

XRCC1 194

No. Of case/control pairs 321 204 321

Arg/Arg 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Arg/Trp & Trp/Trp 1.12 (0.69–1.83) 1.40 (0.70–2.80) 1.20 (0.72–2.00)

aConditional logistic model adjusted for family history of breast cancer.

OR=odds ratio.

CI= confidence interval.

Table 3. Distribution of XPD codon 751 and XRCC1 codons 399 and 194 genotypes among cases and controls in matched pairs with missing

family history data, versus cases and controls in matched pairs where family history data is complete

Genotypes Missing family history data

(n=107)

Without missing family history data

(n=214)

Case Control Case Control

XPD 751

Lys/Lys 5 12 25 22

Lys/Gln 54 57 121 102

Gln/Gln 43 35 61 90

No data 5 3 7 0

XRCC1 399

Arg/Arg 41 42 67 84

Arg/Gln 49 45 110 90

Gln/Gln 12 13 26 36

No data 5 7 11 4

XRCC1 194

Arg/Arg 90 89 179 190

Arg/Trp 13 14 24 22

Trp/Trp 1 1 2 1

No data 3 3 9 1
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Also, there have been numerous epidemiological studies
that report associations of DNA repair gene variants
with common cancers [3]. One cited problem with the
epidemiological evidence has been that most reported
associations come from small populations that fail to be
confirmed by subsequent studies [21]. It is feasible that
some of the conflicting results in epidemiological studies
investigating the association between low penetrance
genes and breast cancer risk may be due to inadequate
handling of missing genotype and epidemiological data,
such as seen in this study where dropping pairs with
missing genotype and family history leads to a different
conclusion than dealing with the missing data using
multiple imputation.

Epidemiological data from well-designed population
based case–control studies that indicate no relationship
between polymorphisms of the XPD and XRCC1 genes
and breast cancer risk could potentially conflict with the
findings of functional studies. Within the BER pathway,
selected SNPs of the XRCC1 gene have been linked to
measures of suboptimal DNA repair capacity. For
example, the variant Gln allele of the XRCC1
Arg399Gln polymorphism is associated with increased
DNA adduct levels [7,8], increased sister chromatid ex-
changes [9,10], and hypersensitivity to ionizing radiation
[22]. In a prior study of 31 cancer free women, the
number of chromatid aberrations present in lympho-
cytes after exposure to ionizing radiation was used to
measure DNA repair proficiency. DNA repair profi-
ciency was higher in women homozygous for the com-
mon XPD codon 751 Lys allele compared to those with
the Gln allele [4]. When stratified by familial breast
cancer risk status, the difference was significant in

women with a family history of breast cancer but not in
those without a family history of breast cancer. Other
functional studies measuring the influence of the XPD
Lys751Gln polymorphism on DNA repair proficiency in
cancer-free patients and patients with lung cancer have
shown decreased DNA repair associated with the wild
type Gln allele [5,23,24]. However, detailed mechanistic
studies comparing function of the polymorphic alleles in
XRCC1 and XPD have not been published. The small
sample size, different assays used to measure DNA re-
pair proficiency, and varying populations of cancer and
cancer-free patients included in functional studies, fur-
ther complicates the interpretation of their results [25].

The apparent discrepancy between negative popula-
tion genotype studies and positive functional studies
may be related to the heterogeneous nature of exposure
to breast cancer carcinogens within study populations.
DNA lesions and their respective repair pathways are
carcinogen-dependent. For example, the NER pathway
primarily repairs bulky adducts in DNA, such as those
produced by ultraviolet radiation or cigarette smoke. In
fact, individuals with germline mutations in NER genes
are typically prone to skin cancers, eye cancers, tongue
cancers, and probably smoking-related lung cancers
[26], as would be expected based on the type of DNA
damage caused by these carcinogens and the tissues
exposed. Environmental factors such as ionizing radia-
tion exposure have been shown to be necessary for full
phenotypic expression of the XRCC1 Arg399Gln poly-
morphism on breast cancer susceptibility among Cau-
casian women [10]. BER repairs damage produced
through free radical generating carcinogens, such as
ionizing radiation and inducers of oxidative stress. Since

Table 4. Effect of XPD codon 751 and XRCC1 codons 399 and 194 genotypes and family history on breast cancer risk

Family History Genotypes Cases (n ) Controls (n) Multivariate adjusted aOR (95% CI)

XPD751

Negative Lys/Lys 81 108 1.00 (referent)

Lys/Gln 138 143 1.06 (0.96–1.17)

Gln/Gln 23 33 0.99 (0.85–1.16)

Positive Lyn/Lyn 26 18 1.00 (referent)

Lyn/Gln 44 17 1.13 (0.93–1.37)

Gln/Gln 8 2 1.24 (0.86–1.80)

XRCC1399

Negative Arg/Arg 26 45 1.00 (referent)

Arg/Gln 129 123 1.15 (1.00–1.32)

Gln/Gln 88 116 1.06 (0.92–1.22)

Positive Arg/Arg 14 6 1.00 (referent)

Arg/Gln 38 17 0.97 (0.74–1.27)

Gln/Gln 27 14 0.94 (0.71–1.24)

XRCC1194

Negative Arg/Arg 206 250 1.00 (referent)

Arg/Trp & Trp/Trp 37 34 1.08 (0.95–1.22)

Positive Arg/Arg 73 32 1.00 (referent)

Arg/Trp & Trp/Trp 6 5 0.84(0.59–1.19)

aUnconditional logistic model adjusted for age and menopausal status with imputation of missing data.

OR=odds ratio.

CI= confidence interval.
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the nature of the carcinogens contributing to breast
cancer risk within this populations are unknown and
likely to be heterogeneous, the gene-environmental
interactions between DNA repair genes and breast
cancer carcinogens within the population cannot be di-
rectly assessed. It is likely that the influence of DNA
repair genes in breast cancer risk would only be seen
when combined with well-defined and discrete exposures
to DNA damaging agents, since the effect of the specific
DNA repair gene may only be important among the
subpopulation with the relevant DNA damaging agent
exposure.

The results of this study support the predominance
of data from population-based case–control studies that
indicate a weak or no role for these polymorphisms as
breast cancer susceptibility genes among Caucasian wo-
men. These findings may not be applicable, however, to
subpopulations of women with elevated exposures to DNA
damaging agents, where significant gene-environmental
interactions may occur. Further population-based case–
control studies that have the advantage of reduced bias
in case ascertainment and that use sophisticated statis-
tical methods for handling missing breast cancer risk
factor and genotype data are needed to evaluate the
association between polymorphisms of XPD and
XRCC1 and breast cancer among other ethnic popula-
tions of women.
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