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ABSTRACT
Objective: Cholangiocarcinoma (CCA) is the most
common malignancy in a Northeast Thai population.
Smoking and alcohol drinking are associated with the
production of free radical intermediates, which can
cause several types of DNA lesions. Reduced repair of
these DNA lesions would constitute an important risk
factor for cancer development. We therefore examined
whether polymorphisms in DNA base-excision repair
(BER) genes, XRCC1 G399A and OGG1 C326G, were
associated with CCA risk and whether they modified
the effect of smoking and alcohol drinking in the Thai
population.
Design: A nested case–control study within the cohort
study was conducted: 219 participants with primary
CCA were each matched with two non-cancer controls
from the same cohort on sex, age at recruitment and
the presence/absence of Opisthorchis viverrini eggs in
stools. Smoking and alcohol consumption were
assessed on recruitment. Polymorphisms in BER
genes were analysed using a PCR with high-resolution
melting analysis. The associations were assessed using
conditional logistic regression.
Results: Our results suggest that, in the Thai
population, polymorphisms in XRCC1 and OGG1
genes, particularly in combination, are associated with
increased susceptibility to CCA, and that their role as
modifiers of the effect of smoking and alcohol
consumption influences the risk of CCA.
Conclusions: Better ways of reducing habitual
smoking and alcohol consumption, targeted towards
subgroups which are genetically susceptible, are
recommended. CCA is a multifactorial disease, and a
comprehensive approach is needed for its effective
prevention. This approach would also have the
additional advantage of reducing the onset of other
cancers.

INTRODUCTION
The data from GLOBOCAN 2008 show that
liver cancer is the fourth most common cause
of death from cancer worldwide.1 It is the

most common cancer in Northeast Thailand,
where the great majority of cases are cholan-
giocarcinomas (CCA).2 Data from the Khon
Kaen Cancer Registry (KKCR) have shown
that the estimated age-standardised incidence
rates for men and women are 84.6 and 36.8
per 100 000, respectively.3

Among several types of DNA damage
induced by carcinogens from tobacco and
alcohol are oxidative base damage and
single-stand breaks, which are repaired by
the base-excision repair (BER) pathway.4

Genetic variants and polymorphisms in DNA
repair pathways have been reported to affect
the levels of DNA lesions, which accumulate
in the epithelial tissue of the hepatobiliary
tract system, thus influencing the susceptibil-
ity to biliary tract cancers and stones in a
Chinese population5 6 and gall bladder
cancer in an Indian population.7 There were
very few studies on this topic in relation to
CCA in the Thai population, but there have
been studies which clarify the role of the

Strengths and limitations of this study

▪ This was a nested case–control study within the
cohort study. This design has the advantage of
minimising a systematic recall bias which can
occur when the receipt of diagnosis of cancer
leads to participants modifying their self-reported
personal histories, in this case, their recall of
cigarette smoking and alcohol consumption.
This was prevented in the present study because
participants were interviewed at the time of
recruitment, before case or control status was
defined.

▪ The diagnosis of cholangiocarcinoma was not
histologically confirmed in all the cases.

▪ This study did not include the population aged
70 years and above.

▪ In future research, larger samples are needed to
increase the power of the studies.
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accumulation of levels of oxidative DNA lesions in
patients with liver fluke infections and patients with
CCA8–10; these studies concluded that some biomarkers
from oxidative DNA lesions induced by liver fluke infec-
tion, a major risk factor, may play an important role in
CCA development. However, the results from our previ-
ous study showed that not only liver fluke infection but
also certain lifestyle and dietary cofactors were asso-
ciated with increased risk of CCA.11 12 Long-term
smoking13 14 and alcohol drinking4 15 16 are associated
with the production of free radical intermediates, which
can cause several kinds of DNA lesions. Reduced repair
of these DNA lesions would constitute an important risk
factor for cancer development. With respect to genetic
factors, a number of polymorphisms in various DNA
repair genes have been discovered, and it is possible that
these polymorphisms may affect DNA repair capacity
and thus modulate susceptibility to cancer. Investigations
are therefore needed into the different patterns of
smoking and alcohol drinking in relation to susceptibil-
ity to CCA, along with DNA repair capacity induced by
genetic variations or polymorphisms.
Although cigarette smoking was not associated with

CCA development in the previous studies conducted in
Thailand12 17–20 and elsewhere,21 a modifying effect by
DNA repair genes remains a possibility. With respect to
the use of alcohol, this was related to a substantially
increased risk of CCA in our previous study.12 At the
molecular level, it is known that single-nucleotide poly-
morphisms (SNPs) in genes participate biochemically in
the BER pathway (X-ray repair cross-complementing
group 1: XRCC1 and 8-oxoguanine DNA glycosylase 1:
OGG1), which repairs smoking-induced and alcohol-
induced oxidative DNA base modifications.4

In this study, we therefore investigated whether poly-
morphisms in the DNA BER genes (XRCC1 G399A and
OGG1 C326G) are associated with CCA risk and whether
their effects are modified by cigarette smoking and
alcohol drinking in a Northeastern Thai population res-
iding in a high-incidence area of opisthorchiasis-related
CCA. The selection of these SNPs in DNA BER genes
was based on their putative effect on protein function
and/or previous evidence of associations with the risk of
hepatobiliary tract cancers in the Asian (Chinese and
Indian) populations5–7and the combined effects of a
DNA-repair gene and metabolic gene polymorphisms
on CCA risk in Thailand.10 However, these studies
involved only gene–gene interaction. There is a need for
studies of gene–environment interactions, especially
between DNA-repair genes and exposure to the carcino-
genic effects of tobacco/alcohol carcinogens in relation
to CCA risk.

MATERIALS AND METHODS
Study participants
This was a case–control study nested within the 23 584
participants of the Khon Kaen Cohort Study (KKCS).

Details of the KKCS and the selection of CCA cases and
controls used in this study have been previously
reported.11 12 22 Briefly, 219 (0.9%) cohort members
who had developed a primary CCA diagnosis, at least by
ultrasound, with or without contrast radiology, tumour
markers (such as CA19–9) or histopathology, six or
more months after enrolment were identified. The vital
status and date of death of potential cases were ascer-
tained by linkage to the files of deaths in Thailand,
which are held in the database of the National Health
Security Office and the demographic database of the
Ministry of the Interior. All cases had died within 2 years
of diagnosis. Two non-cancer controls from the same
cohort population were randomly selected for matching
with each case on sex, age at recruitment (±3 years) and
the presence/absence of liver fluke eggs in the faeces at
recruitment (detected by the formalin ethyl acetate con-
centration technique).

Assessment of cigarette smoking and alcohol drinking
Definitions of alcohol use, cigarette smoking and levels
of consumption of alcohol were the same as those previ-
ously described.12 A smoker was defined as someone
who had ever smoked any type of cigarette on a daily
basis. However, in this study, smokers were categorised
into four groups according to the age when they began
smoking. The first, second and third quartiles obtained
from the control group frequency distribution for age of
starting to smoke were used as the cut-offs for the four
groups.
Ever drinkers were defined as those who consumed at

least one type of alcoholic beverage (beer, Sato, white
whisky, red whisky and other whiskies) at least once a
month; those drinking less than this were defined as
non-drinkers. The consumption of each participant was
calculated in terms of units of alcohol, where a unit cor-
responds to 10 mL (approximately 8 gm) of ethanol.
The number of units of alcohol in a drink was deter-
mined by multiplying the volume of the drink (in millili-
tres) by its alcohol percentage (beer 5.0%, Sato 7.0%,
white whisky 40%, red whisky 35%) and dividing by
1000. Drinkers were dichotomised according to the units
of alcohol consumed per month on the basis of the
median monthly consumption of controls.

Laboratory methods
Specimen collection and DNA extraction
Blood samples (buffy coat) were available for 175 (80%)
of the 219 eligible CCA cases; specimens were retrieved
from the KKCS bio-bank for these cases and for the 350
matched controls. Genomic DNA was extracted from
buffy coat fractions using standard protocols of the
Genomic DNA Mini Kit with Proteinase K (Geneaid
Biotech). Of those with DNA samples, genotyping was
successfully carried out for 95% (499 out of 525) of all
samples for XRCC1 and for 90% (474 out of 525) of all
samples for OGG1. Laboratory personnel were blinded
to the case–control status of the available samples.
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PCR amplification and genetic polymorphisms detection
Real-time PCRs with the high-resolution melting analysis
(Real-time PCR-HRM) technique of DNA amplification
for the DNA BER genes (XRCC1 and OGG1) polymorph-
isms were performed in a 96-well plate in the
LightCycler 480 Real-Time PCR System.
The amplification of XRCC1 G399A used two primers,

[F]:50-AGT GGG TGC TGG ACT GTC-30 and [R]:50-TTG
CCC AGC ACA GGA TAA-30, and was performed in a
LightCycler 480 Real-Time PCR System with a final
volume of 20 µL containing 10 µL of the master mix,
4.4 µL of H2O, 3 mM of MgCl2, 0.3 µM of each primer
and 200 ng of the DNA template. The amplification of
the OGG1 C326G was performed in the same way, but the
primers were [F]:50-CCT ACA GGT GCT GTT CAG T-30

and [R]:50-CCT TTG GAACCC TTT CTG-30.
HRM data were analysed using the LightCycler 480

Gene Scanning Software V.1.5 (Roche). Normalised and
temperature-shifted melting curves carrying a sequence
variation were evaluated and compared with the wild-
type sample. Sequence variations were distinguished by
the different shapes of melting curves (figure 1A for
XRCC1 G399A and figure 1B for OGG1 C326G). Melting
peaks of sequence variation were analysed and com-
pared with the wild-type sample. Different plots were dis-
tinguished by different melting peaks for each genotype

(figure 1C for XRCC1 G399A and figure 1D for OGG1
C326G). To improve the genotyping quality and valid-
ation, genotyping of 10% of random samples was con-
firmed by the PCR with restriction fragment length
polymorphism techniques.

Statistical analysis
To assess the strength of the associations between poly-
morphisms in the DNA BER genes (XRCC1 and OGG1)
and the risk of CCA, ORs with 95% CIs were estimated
using conditional logistic regression. A univariate ana-
lysis using McNemar’s χ2 test and conditional logistic
regression was carried out to explore the associations
between DNA-repair gene polymorphisms, smoking and
alcohol drinking, and the risk of CCA. Factors found to
have a strong association with CCA in the univariate ana-
lysis (p<0.05), and factors without association in the uni-
variate analysis but found to play important roles as
factors for CCA risk from literature reviews, were
included in the multivariate analysis. Possible modifica-
tions of the effects of smoking and alcohol drinking by
polymorphisms in XRCC1 G399A and OGG1 C326G
were also analysed. A p value <0.05 was considered statis-
tically significant. All statistical analyses were performed
with a statistical package, STATA V.10 (Stata, College
Station, Texas, USA).

Figure 1 Polymorphisms in XRCC1 G399A and OGG1 C326G were analysed using PCR with high-resolution melting analysis.
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RESULTS
There were 219 cohort members who had developed a
primary CCA at 6 months or more after enrolment into
the KKCS. They comprised 92 women and 127 men,
with a median age of 57 years (minimum 31 and
maximum 69). There were two controls matched by age
and sex for each case. Table 1 shows the distribution of
the XRCC1 G399A and OGG1 C326G polymorphisms in
cases and controls, the joint distribution of those poly-
morphisms, and the associated ORs. While there were
no associations between any of these individual poly-
morphisms and the risk of CCA, the combinations of
XRCC1 GA heterozygous and OGG1 CC wild-type or CG
heterozygous, and of XRCC1 GG wild-type and OGG1
CG heterozygous, were significantly related to a reduced
risk of CCA (p value <0.001). Conversely, the combina-
tions of the OGG1 GG mutant, homozygous with all
three genotypes of XRCC1 (wild-type, heterozygous and
mutant homozygous), were significantly associated with
an increased risk of CCA (p=0.01, 0.03 and 0.004,
respectively), but there were no interactions between the
polymorphisms of XRCC1 G399A and OGG1 C326G on
CCA risk.
In the univariate analysis (table 2), there were signifi-

cant associations between cigarette smoking and alcohol
consumption and the risk of CCA, and their joint effect
appeared to be multiplicative with no interactions
between them. There was trend in risk with smoking

frequency or number of years of habitual smoking (p
for trend=0.002).
In the multivariate analysis, table 3 shows the adjusted

ORs and 95% CIs from the multivariate analysis. There
was a clear association with alcohol drinking: compared
with non-drinkers, individuals who consumed <14 units
of alcohol per month had an increased risk of CCA
(OR=5.2, 95% CI 2.74 to 9.95), and the risk was higher
still in those who consumed ≥14 units of alcohol per
month (OR=7.6, 95% CI 3.67 to 15.72).
Table 4 shows the results of gene–environment inter-

action of the XRCC1 and OGG1 polymorphisms along
with smoking and alcohol drinking on the risk of CCA.
When compared with reference participants (non-
smokers with the XRCC1 GG wild-type), smokers carry-
ing the XRCC1 GG wild-type had an increased suscepti-
bility to CCA (OR=2.8, 95% CI 1.30 to 5.91), and this
was higher still in smokers with GA heterozygous
(OR=3.4, 95% CI 1.60 to 7.28). Moreover, smokers with
the OGG1 CC wild-type and CG heterozygous had an
increased risk of CCA compared with non-smokers with
the wild-type. With respect to alcohol consumption,
some combinations of alcohol drinking and mutant
polymorphisms of XRCC1 and OGG1 were statistically
significant. For example, compared with the reference
group (non-drinkers with the XRCC1 GG wild-type),
participants with the XRCC1 GA heterozygous who were
non-drinkers or drinkers (<14 units of alcohol per

Table 1 Univariate analysis of XRCC1 and OGG1 polymorphisms with the risk of cholangiocarcinoma in Khon Kaen,

Thailand

Cases Controls
Genetic polymorphisms n Per cent n Per cent OR* 95% CI p Value

XRCC1 G399A†

GG 62 38.8 149 44.0 1.0

GA 94 58.8 169 49.9 1.3 0.89 to 1.97 0.17

AA 4 2.5 21 6.2 0.5 0.16 to 1.42 0.18

GA or AA (any A allele) 98 61.3 190 56.1 1.2 0.82 to 1.78 0.33

OGG1 C326G‡

CC 34 23.5 95 28.9 1.0

CG 109 75.2 229 69.6 1.4 0.86 to 2.23 0.18

GG 2 1.4 5 1.5 1.2 0.22 to 7.03 0.80

CG or GG (any G allele) 111 76.6 234 71.1 1.4 0.86 to 2.22 0.18

Joint effects

XRCC1 G399A OGG1 C326G

GG CC 14 9.7 41 12.7 1.0

GA CC 19 13.1 47 14.5 0.3 0.15 to 0.55 <0.001

AA CC 2 1.4 4 1.2 3.5 1.10 to 14.60 0.03

GG CG 42 29.0 100 30.9 0.1 0.07 to 0.25 <0.001

GA CG 56 38.6 108 33.3 0.1 0.07 to 0.22 <0.001

AA CG 3 2.1 15 4.6 0.9 0.42 to 2.07 1.00

GG GG 5 3.4 3 0.9 4.7 1.30 to 25.33 0.01

GA GG 2 1.4 4 1.2 3.5 1.10 to 14.60 0.03

AA GG 2 1.4 2 0.6 7.0 1.61 to 63.46 0.004

p Value for interaction=0.21

*Crude OR from matched case–control analysis.
†DNA samples for XRCC1 genotyping were successfully carried out for 160 out of 175 cases, and 339 out of 350 controls.
‡DNA samples for OGG1 genotyping were successfully carried out for 145 out of 175 cases, and 329 out of 350 controls.
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month) had an increased susceptibility to CCA (4.4-fold
increased to 8.8-fold). Similarly, participants with the
XRCC1 AA variant genotype had an increased risk of
CCA (9.2-fold in non-drinkers increased to 10.3-fold in

drinkers of <14 units of alcohol per month). Again,
there were no interactions between the XRCC1 or
OGG1 polymorphisms and smoking or alcohol
drinking.

Table 2 Univariate analysis of cigarette smoking and alcohol drinking on the risk of cholangiocarcinoma in Khon Kaen,

Thailand

Cases Controls
Variables n Per cent n Per cent OR* 95% CI p Value

Cigarette smoking

Non-smoker 92 42.0 230 52.5 1.0

Smoker 127 58.0 208 47.5 2.7 1.57 to 4.50 <0.001

Age at which smoking started of all cigarettes (years)

Non-smoker 92 42.0 230 52.5 1.0

<17 28 12.8 48 11.0 2.9 1.38 to 5.91 0.01

17–19 35 16.0 44 10.1 3.6 1.85 to 7.17 <0.001

20–21 40 18.3 70 16.0 2.5 1.33 to 4.62 0.004

22+ 24 11.0 46 10.5 2.4 1.19 to 4.73 0.01

p for trend=0.002

Alcohol consumption

No 57 26.0 254 58.0 1.0

Yes 162 74.0 184 42.0 5.7 3.61 to 9.04 <0.001

Units of alcohol per month of all alcohol consumption

Non-drinker 57 26.0 254 58.0 1.0

<14 79 36.1 92 21.0 5.2 3.15 to 8.43 <0.001

≥14 83 37.9 92 21.0 6.7 3.90 to 11.38 <0.001

Alcohol consumption and smoking

No alcohol, non-smoker 42 19.2 178 40.6 1.0

No alcohol, smoker 15 6.9 76 17.4 2.2 0.93 to 5.00 0.07

Alcohol drinker, non-smoker 50 22.8 52 11.9 5.8 3.12 to 10.78 <0.001

Alcohol drinker, smoker 112 51.1 132 30.1 10.4 5.07 to 21.16 <0.001

p for trend <0.001

p Value for interaction=0.68

*Crude OR from matched case–control analysis.

Table 3 Cases and controls, and OR for cholangiocarcinoma associated with smoking, alcohol drinking, and XRCC1 and

OGG1 polymorphisms

Cases Controls
Variables n Per cent n Per cent OR* OR† 95% CI‡ p Value

XRCC1 G399A polymorphisms§

GG 62 38.8 149 44.0 1.0 1.0

GA 94 58.8 169 49.9 1.3 1.2 0.76 to 1.94 0.43

AA 4 2.5 21 6.2 0.5 0.4 0.10 to 1.62 0.20

OGG1 C326G polymorphisms¶

CC 34 23.4 95 28.9 1.0 1.0

CG 109 75.2 229 69.6 1.4 1.2 0.70 to 2.07 0.49

GG 2 1.4 5 1.5 1.2 0.7 0.10 to 5.11 0.75

Cigarette smoking

Non-smoker 92 42.0 230 52.5 1.0 1.0

Smoker 127 58.0 208 47.5 2.7 1.9 0.94 to 4.01 0.07

Units of alcohol per month of all alcohol consumption

Non-drinker 57 26.0 254 58.0 1.0 1.0

<14 79 36.1 92 21.0 5.2 5.2 2.74 to 9.95 <0.001

≥14 83 37.9 92 21.0 6.7 7.6 3.67 to 15.72 <0.001

*Crude OR from matched case–control analysis.
†Adjusted OR from matched case–control analysis (adjusted for all other variables in the table).
‡95% CI for OR.
§DNA samples for XRCC1 genotyping were successfully carried out for 160 out of 175 cases, and for 339 out of 350 controls.
¶DNA samples for OGG1 genotyping were successfully carried out for 145 out of 175 cases, and for 329 out of 350 controls.
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Table 4 Gene–environment interactions of XRCC1 and OGG1 polymorphisms together with smoking and alcohol drinking on cholangiocarcinoma risk in Khon Kaen,

Thailand

Smoking Cases Controls Smoking Cases Controls

XRCC1 Use of alcohol n n OR* 95% CI
p
Value OGG1 Use of alcohol n n OR* 95% CI

p
Value

G399A All cigarettes smoking 0.87† C326G All cigarettes smoking 0.54†

GG Non-smoker 22 71 1.0 CC Non-smoker 14 55 1.0

GA Non-smoker 48 99 1.5 0.82 to 2.79 0.18 CG Non-smoker 49 122 1.5 0.77 to 2.99 0.22

AA Non-smoker 2 11 0.6 0.11 to 2.74 0.47 GG Non-smoker 1 1 – – –

GG Smoker 40 78 2.8 1.30 to 5.91 0.01 CC Smoker 20 40 3.1 1.17 to 8.38 0.02

GA Smoker 46 70 3.4 1.60 to 7.28 0.001 CG Smoker 60 107 4.3 1.79 to 10.21 0.001

AA Smoker 2 10 1.2 0.21 to 6.29 0.86 GG Smoker 1 4 1.5 0.14 to 15.44 0.74

G399A Units of alcohol per month

of all alcohol drinking

0.80† C326G Units of alcohol per month

of all alcohol drinking

0.74†

GG Non-drinker 16 83 1.0 CC Non-drinker 10 65 1.0

GA Non-drinker 20 33 4.4 1.81 to 10.83 0.001 CG Non-drinker 9 9 8.1 2.30 to 28.36 0.001

AA Non-drinker 26 33 9.2 3.65 to 23.21 <0.001 GG Non-drinker 15 21 8.6 2.62 to 28.02 <0.001

GG <14 22 102 1.1 0.49 to 2.28 0.89 CC <14 24 130 1.3 0.55 to 3.20 0.52

GA <14 39 35 8.8 3.76 to 20.71 <0.001 CG <14 46 58 7.0 2.85 to 17.39 <0.001

AA <14 33 32 10.3 4.14 to 25.80 <0.001 GG <14 39 41 11.2 4.18 to 30.17 <0.001

GG ≥14 1 12 0.4 0.05 to 3.71 0.44 CC ≥14 0 1 – – –

GA ≥14 2 3 2.8 0.31 to 25.41 0.36 CG ≥14 1 1 7.7 0.29 to 26.73 0.22

AA ≥14 1 6 2.5 0.25 to 23.99 0.44 GG ≥14 1 3 6.4 0.48 to 86.72 0.16

*Crude OR from matched case–control analysis.
†p Value for interaction.
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DISCUSSION
This was a case–control study nested within the 23 584
KKCS.11 12 22 The design of this study minimises the
recall bias of cigarette smoking and alcohol drinking, as
participants were interviewed at the time of recruitment,
before case or control status was defined. This design is
very useful for examining the role of self-reported
factors such as cigarette smoking and alcohol consump-
tion, which are modified when cancer is present.
Smoking was not associated with CCA development in

this study (after adjustment for all other variables in the
multivariate analysis)—polymorphisms in XRCC1 and
OGG1, cigarette smoking and units of alcohol per
month of all alcohol consumption.
Alcohol consumption was significantly associated with

an increased risk of CCA in previous studies in
Thailand18 19 and elsewhere.21 Alcohol may affect the
metabolic pathways of endogenous and exogenous nitrosa-
mines,16 19 and it is associated with the production of free
radical intermediates, which can cause several kinds of
DNA lesions.4 15 16 Reduced repair of these DNA lesions
would therefore constitute a major risk factor for cancer
development.15 16

The genotype frequencies of the XRCC1 and OGG1 poly-
morphisms found in controls for this study were consistent
with those found in other studies in Thailand: the preva-
lence of the G allele of XRCC1 codon 399 was 68.88% in
this study compared with 36.59–73.20% in other
studies,10 23–25 and the A allele of XRCC1 codon 399 was
31.12% in controls (prevalence of A allele was
26.80–52.56%). In our analysis of OGG1 codon 326, the
genotype distribution in controls deviated from the
Hardy-Weinberg equilibrium. The genotype frequency of
OGG1 C326G in controls was slightly higher than the rates
noted in reports from other studies in Thailand.10 24 26

The C allele of OGG1 codon 326 was 63.68% in controls
(the C allele prevalence was between 50.12% and 55.00%)
and the G allele of OGG1 codon 326 was 36.32% in con-
trols (the prevalence of the G allele in OGG1 codon 326
was between 45.00% and 49.88%).
XRCC1 and OGG1 are major DNA repair genes

involved in BER. Mutations and polymorphisms in DNA
repair genes, which affect the efficiency of DNA damage
repair, may increase an individual’s susceptibility to
several cancers,23–26 including cancers of the hepatobili-
ary tract.5–7 However, no studies on this topic have been
conducted in relation to CCA susceptibility, and espe-
cially not in Thailand where the incidence of CCA is the
highest in the world.17 However, there are four studies
in a Thai population which investigated relationships
between the BER gene polymorphisms and other
common cancers. Whereas XRCC1 G399A polymorph-
isms tend to be associated with a reduced risk of oral
squamous cell carcinoma,23 they are associated with
increased risks of breast24 and cervical cancers,25 and
OGG1 C326G polymorphisms tend be related to
increased risks of breast24 and lung cancers.26

Several studies have explored the associations between
polymorphisms of the DNA repair genes involved in
BER (XRCC1 G399A and OGG1 C326G) and the risk of
various cancers, but they have shown inconsistent
results. This may be the consequence of the different
modifying effects which these polymorphisms have on
the balance during the DNA repair process.
An imbalance in the tightly regulated process can be

caused by SNPs and will result in deficient DNA repair
and an increase in DNA breaks.27 The XRCC1 codon
399 A allele and the OGG1 326 G allele have been asso-
ciated with a reduced capacity of the DNA repair
process as detected by the persistence of DNA bulky
adducts28–30 and γ-irradiation induced oxidative DNA
damage.31 In addition, the balance may be modified by
smoking-induced and alcohol-induced oxidative DNA
base modifications interacting with the repair ineffi-
ciency of BER polymorphisms4; for example, the XRCC1
GA variant heterozygous carriers, who were non-drinkers
or drinkers of <14 units of alcohol per month, had an
increased susceptibility to CCA (4.4-fold in non-drinkers
increased to 8.8-fold in drinkers) when compared with
non-drinkers carrying the XRCC1 GG wild-type (table 4).
In conclusion, this study is the first report of possible

associations between the main polymorphisms in BER
genes (XRCC1 G399A, OGG1 C326G), the joint effects
of both genes, and their modification of the effects of
cigarette smoking and alcohol drinking on CCA risk in a
Thai population. Our results suggest that polymorphisms
in the XRCC1 and OGG1 genes, particularly in combin-
ation, were associated with increased susceptibility to
CCA. CCA is a multifaceted disease requiring a broad
range of preventative actions. In the context of this
study, there is a need for more effective programmes for
smoking cessation and reducing alcohol consumption,
targeted especially at subgroups which are genetically at
particular risk for CCA. Such an approach could also
help in the prevention of other forms of cancer.
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