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sensitivity analyses, for CYP1A2*1F polymorphism, sig-
nificantly increased lung cancer risk and significantly 
decreased bladder cancer risk were observed in Caucasians. 
For CYP1A2*1C polymorphism, no significant association 
was found in overall and all subgroup analyses. In sum-
mary, this meta-analysis suggests that CYP1A2*1F poly-
morphism is associated with lung cancer and bladder can-
cer risk in Caucasians.
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Introduction

As the preservation of genomic integrity is essential in the 
prevention of tumor initiation and progression, mutations 
and variations, may play a role in the genetic predisposi-
tion to cancer, especially in genes of enzymes in carcino-
gen metabolism. Phase I enzymes catalyze the activation 
and detoxification of xenobiotics, drugs, and endogenous 
compounds. The phase I system is mainly composed of 
cytochrome P450 (CYP) enzymes, which introduce a reac-
tive group to the exogenous or endogenous compound 
(Guengerich 2001). The metabolism of xenobiotics and 
drugs is mainly a detoxification process; however, phase 
I metabolism has the risk of formation of highly reactive 
electrophiles that can bind to macromolecules, for exam-
ple, proteins and DNA, potentially inducing carcinogen-
esis (Smith et al. 1994; Windmill et al. 1997). Therefore, 
genetic polymorphisms leading to alteration of activity in 
phase I enzymes may cause variations in the levels of DNA 
damage and cancer susceptibility (Brockstedt et al. 2002). 
CYP1A2 is located on chromosome 15q in opposite orien-
tation and separated by 23.3 kb, a major drug-metabolizing 

Abstract The previously published data on the associa-
tion between CYP1A2*1C (rs2069514) and CYP1A2*1F 
(rs762551) polymorphisms and cancer risk have remained 
controversial. Hence, we performed a meta-analysis to 
investigate the association between CYP1A2*1F and 
CYP1A2*1C polymorphisms and cancer risk under dif-
ferent inheritance models. Overall, significant association 
was observed between CYP1A2*1F and cancer risk when 
all the eligible studies were pooled into the meta-analysis 
(dominant model: OR 1.08, 95 % CI 1.02–1.15; heterozy-
gous model: OR 1.06, 95 % CI 1.01–1.12; additive model: 
OR 1.07, 95 % CI 1.02–1.13). In the further stratified and 
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enzyme, with a wide range of substrates (Eaton et al. 
1995). CYP1A2 is a key phase I enzyme required for the 
activation of the major recognized carcinogens [polycyclic 
aromatic hydrocarbons (PAHs) and heterocyclic amines 
(HAs)] (Landi et al. 1999). Since both PAHs and HAs are 
present in food, the activity of the CYP1A2 enzyme may 
affect the formation of their activated forms after absorp-
tion from the large bowel, and thus influencing the risk of 
cancer. In humans, CYP1A2 is highly polymorphic and 
several single nucleotide polymorphisms (SNPs) includ-
ing two common SNPs represented as CYP1A2*1C 
(rs2069514) and CYP1A2*1F (rs762551) alleles have been 
identified in different ethnic populations worldwide (Chida 
et al. 1999). The CYP1A2*1C allele was first reported to be 
associated with decreased CYP1A2 activity and inducibil-
ity in smokers of Japanese ancestry (Nakajima et al. 1999). 
CYP1A2*1F was reported to influence the inducibility of 
the enzyme, leading to a higher enzyme activity in the pres-
ence of an inducer, such as smoking (Pilgrim et al. 2012, 
Sachse et al. 1999), omeprazole treatment (Han et al. 2002) 
or heavy coffee consumption (Djordjevic et al. 2010a, b). 
However, there is some controversy as to the impact of 
CYP1A2*1C and CYP1A2*1F polymorphisms on theo-
phylline metabolism in different ethnic populations. Obase 
et al. (2003) observed that CYP1A2*1C polymorphism 
was associated with reduced theophylline clearance in asth-
matic patients of Japanese ancestry. However, the study of 
Wang et al. (2013) thought that CYP1A2*1F (rs762551) 
polymorphism can result in two- to threefold increase in 
activity/protein and has been associated with increased 
enzyme inducibility in non-smoking healthy volunteers 
in male Chinese population. Moreover, another study in 
Japanese patients reported that there was no influence of 
CYP1A2*1C and CYP1A2*1F on the theophylline meta-
bolic ratio (2006). As a result, the effect of CYP1A2*1C 
and CYP1A2*1F polymorphisms on theophylline metabo-
lism remains unconfirmed.

To date, a number of molecular epidemiological studies 
have been performed to evaluate the association between 
CYP1A2*1C and CYP1A2*1F polymorphisms and dif-
ferent types of cancer risk in diverse populations (Ger-
vasini et al. 2013; Cui et al. 2013; Pavanello et al. 2012; 
Wei et al. 2011; Barbieri et al. 2012; Khvostova et al. 2012; 
Wang et al. 2012a; Rudolph et al. 2011; Jang et al. 2012; 
Sainz et al. 2011; Goodman et al. 2003; Cleary et al. 2010; 
Pavanello et al. 2010; Kobayashi et al. 2009a, b; Singh et al. 
2010–2011; Zienolddiny et al. 2008; Imaizumi et al. 2009; 
MARIE-GENICA et al. 2010; Sangrajrang et al. 2009; 
B’chir et al. 2009; Aldrich et al. 2009; Yeh et al. 2009; 
Shimada et al. 2009; Kotsopoulos et al. 2009; Saebø et al. 
2008; Sachse et al. 2002; Figueroa et al. 2008; Suzuki et al. 
2008; Gulyaeva et al. 2008; Hirata et al. 2008; Yoshida 
et al. 2007; Kiss et al. 2007; Küry et al. 2007; Kotsopoulos 

et al. 2007; Osawa et al. 2007; Takata et al. 2007; Gemi-
gnani et al. 2007; Yeh et al. 2007; Agudo et al. 2006; De 
Roos et al. 2006; Bae et al. 2006; Long et al. 2006; Chen 
et al. 2005, 2006; Mikhailova et al. 2006; Le Marchand 
et al. 2005; Landi et al. 2005; Li et al. 2006; Prawan et al. 
2005; Doherty et al. 2005; Tsukino et al. 2004; Good-
man et al. 2001; Altayli et al. 2009; Villanueva et al. 2009; 
Rebbeck et al. 2006; Mochizuki et al. 2005; Chiou et al. 
2005; Barbieri et al. 2013; Ghoshal et al. 2014; Lowcock 
et al. 2013; Lee et al. 2013; Ayari et al. 2013). However, 
the results were inconsistent or even contradictory. In 
addition, three recent meta-analyses have confirmed the 
association between CYP1A2*1C and CYP1A2*1F poly-
morphisms and risk of cancer. However, some published 
studies were not included in the three recent meta-anal-
yses (Tian et al. 2013; Zhenzhen et al. 2013; Wang et al. 
2012a, b). Therefore, we performed a comprehensive meta-
analysis by including the most recent and relevant articles 
to identify statistical evidence of the association between 
CYP1A2*1C and CYP1A2*1F polymorphisms and risk of 
all cancers that have been investigated.

Materials and methods

Identification and eligibility of relevant studies

A comprehensive literature search was performed using 
the PubMed, ISI, CNKI, and WanFang database for rel-
evant articles published (the last search update was April 
15, 2014) with the following keywords: “CYP1A2’’, 
‘‘cytochrome P-450 1A2’’, ‘‘cytochrome P450 1A2’’, 
‘‘polymorphism’’ and “Cancer” or Carcinoma”. MeSH 
term: [“Cytochrome P-450 CYP1A2” (mesh) AND “Neo-
plasms” (mesh)] AND “Polymorphism, Genetic” (mesh). 
In addition, studies were identified by a manual search 
of the reference lists of reviews and retrieved studies. We 
included all the case–control studies and cohort studies 
that investigated the association between CYP1A2*1C and 
CYP1A2*1F polymorphisms and cancer risk with genotyp-
ing data. All eligible studies were retrieved, and their bibli-
ographies were checked for other relevant publications.

Inclusion criteria

The included studies have to meet the following criteria: (1) 
only the case–control studies or cohort studies were consid-
ered, (2) evaluated the CYP1A2*1C and CYP1A2*1F poly-
morphisms and the risk of cancer, and (3) the genotype distri-
bution of the CYP1A2*1C and CYP1A2*1F polymorphisms 
in cases and controls were described in detail and the results 
were expressed as odds ratio (OR) and corresponding 95 % 
confidence interval (95 % CI). Major reasons for exclusion of 
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studies were as follows: (1) not for cancer research, (2) only 
case population, and (3) duplicate of previous publication.

Data extraction

Information was carefully extracted from all eligible stud-
ies independently by two investigators according to the 
inclusion criteria listed above. The following data were 
collected from each study: first author’s name, year of 
publication, country of origin, ethnicity, source of controls 
(population-based controls, hospital-based controls, and 
family-based controls), source of cases, genotype method, 
sample size, and numbers of cases and controls in the 
CYP1A2*1C and CYP1A2*1F genotypes whenever pos-
sible. Ethnicity was categorized as ‘‘Caucasian’’, ‘‘Asian’’, 
and “African”. When one study did not state which ethnic 
group was included or if it was impossible to separate par-
ticipants according to phenotype, the sample was termed 
as ‘‘mixed population’’. Meanwhile, studies investigating 
more than one kind of cancer were counted as individual 
data set only in subgroup analyses by cancer type. We did 
not define any minimum number of patients to include in 
this meta-analysis. Articles that reported different ethnic 
groups and countries or locations, we considered them dif-
ferent study samples in this meta-analysis.

Statistical analysis

Crude odds ratios (ORs) together with their correspond-
ing 95 % CIs were used to assess the strength of associa-
tion between the CYP1A2*1C and CYP1A2*1F polymor-
phisms and risk of cancer. The pooled ORs were calculated 
for co-dominant model (AG versus AA or GG versus AA), 
dominant model (AG + GG versus AA), recessive model 
(GG versus AA + AG), and additive model (G versus A), 
respectively. Between-study heterogeneity was assessed by 
calculating Q-statistic (heterogeneity was considered sta-
tistically significant if P < 0.10.) (Davey and Egger 1997) 
and quantified using the I2 value, a value that describes the 
percentage of variation across studies that are due to het-
erogeneity rather than chance, where I2 = 0 % indicates no 
observed heterogeneity, with 25 % regarded as low, 50 % as 
moderate, and 75 % as high (Higgins et al. 2003). If results 
were not heterogeneous, the pooled ORs were calculated 
by the fixed-effect model (we used the Q-statistic, which 
represents the magnitude of heterogeneity between studies) 
(Mantel and Haenszel 1959). Otherwise, a random-effect 
model was used when the heterogeneity between studies 
was significant (DerSimonian and Laird 1986). Moreover, 
sensitivity analysis was performed by excluding a single 
study each time. We also ranked studies according to sam-
ple size, and then repeated this meta-analysis. Sample size 
was classified according to a minimum of 200 participants 

and those with fewer than 200 participants. The cite crite-
ria were previously described (Klug et al. 2009). HWE was 
calculated using the goodness-of-fit test, and deviation was 
considered when P < 0.05. Begg’s funnel plots (Begg and 
Mazumdar 1994) and Egger’s linear regression test (Egger 
et al. 1997) were used to assess publication bias. A meta-
regression analysis was carried out to identify the major 
sources of between-studies variation in the results, using 
the log of the ORs from each study as dependent vari-
ables, and cancer type, ethnicity, sample size, and source 
of controls as the possible sources of heterogeneity. All of 
the calculations were performed using STATA version 10.0 
(STATA Corporation, College Station, TX).

Results

Literature search and meta-analysis databases

Figure 1 provides a flow chart for this meta-analysis. A total 
of 64 articles examined the association of CYP1A2*1C 
and CYP1A2*1F polymorphisms with cancer risk. Of 
these published articles, 2 (Yeh et al. 2007; Goodman 
et al. 2001) were excluded because their populations over-
lapped with another 2 included studies. As summarized in 
Table 1, 62 publications with 78 case–control studies were 
included in the meta-analysis, including 27,301 cases and 
33,885 controls for CYP1A2*1C polymorphism (57 stud-
ies from 54 publications) and 4,722 cases and 6,555 con-
trols for CYP1A2*1F polymorphism (21 studies from 21 
publications). Among these studies, 4 were included in the 
dominant model only because they provided the genotypes 
of AG + GG ver. AA as a whole and two studies were 
included in the recessive model only because they pro-
vided the genotypes of GG ver. AA + AG. In addition, for 
CYP1A2*1C polymorphism, there were 4 bladder cancer 
studies, 13 breast cancer studies, 13 colorectal cancer stud-
ies, 4 endometrial cancer studies, 3 gastric cancer studies, 8 
lung cancer studies, 3 pancreatic cancer studies, and 9 stud-
ies with the “other cancers”. There were 5 colorectal cancer 
studies, 3 liver cancer studies, 8 lung cancer studies, and 5 
studies with the “other cancers” for CYP1A2*1F polymor-
phism. All of the cases were pathologically confirmed.

Meta-analysis results

CYP1A2*1F

Table 2 lists the main results of the meta-analysis of 
CYP1A2*1 F polymorphism and cancer risk. Overall, 
significantly increased cancer risk was observed in any 
genetic model (dominant model: OR 1.08, 95 % CI 1.02–
1.15, Ph < 0.001, I2 = 61.4 %; heterozygous model: OR 
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1.06, 95 % CI 1.01–1.12, Ph < 0.001, I2 = 50.8 %; addi-
tive model: OR 1.07, 95 % CI 1.02–1.13, Ph < 0.001, 
I2 = 71.4 %) when all the eligible studies were pooled into 
meta-analysis. Then we performed subgroup analysis by 
cancer type. Significant association was observed between 
lung cancer (dominant model: OR 1.21, 95 % CI 1.00–1.46, 
Ph = 0.083, I2 = 44.3 %; heterozygous model: OR 1.18, 
95 % CI 1.02–1.36, Ph = 0.157, I2 = 35.5 %) and blad-
der cancer (dominant model: OR 0.88, 95 % CI 0.78–0.99, 
Ph = 0.563, I2 = 0.0 %; recessive model: OR 0.79, 95 % 
CI 0.66–0.94, Ph = 0.849, I2 = 0.0 %; homozygous model: 
OR 0.76, 95 % CI 0.63–0.93, Ph = 0.702, I2 = 0.0 %; 
additive model: OR 0.89, 95 % CI 0.81–0.97, Ph = 0.622, 
I2 = 0.0 %). We further examined the association between 
the CYP1A2*1F polymorphism and cancer risk accord-
ing to cancer type and ethnicity (Table 3). For samples of 
Caucasians, significant association was observed between 
CYP1A2*1F polymorphism and bladder cancer (domi-
nant model: OR 0.88, 95 % CI 0.78–0.99, Ph = 0.563, 
I2 = 0.0 %; recessive model: OR 0.79, 95 % CI 0.66–0.94, 
Ph = 0.849, I2 = 0.0 %; homozygous model: OR 0.76, 95 % 

CI 0.63–0.93, Ph = 0.702, I2 = 0.0 %; additive model: OR 
0.89, 95 % CI 0.81–0.97, Ph = 0.622, I2 = 0.0 %) and lung 
cancer risk (dominant model: OR 1.29, 95 % CI 1.11–1.51, 
Ph = 0.948, I2 = 0.0 %; recessive model: OR 1.33, 95 % CI 
1.01–1.75, Ph = 0.181, I2 = 41.4 %; homozygous model: 
OR 1.49, 95 % CI 1.12–1.98, Ph = 0.358, I2 = 2.7 %; hete-
rozygous model: OR 1.25, 95 % CI 1.06–1.48, Ph = 0.540, 
I2 = 0.0 %; additive model: OR 1.23, 95 % CI 1.09–1.39, 
Ph = 0.828, I2 = 0.0 %). For samples of Asians, no signifi-
cant association was observed between any cancer types. 
We also examined the association of the CYP1A2*1F 
polymorphism with cancer risk according to cancer type 
and source of controls (Table 4). For the population-based 
studies, no significant association was observed between 
CYP1A2*1F polymorphism and cancer risk in any cancer 
type. For the hospital-based studies, significant association 
was observed only between CYP1A2*1F polymorphism 
and bladder cancer risk (dominant model: OR 0.88, 95 % 
CI 0.78–0.99, Ph = 0.563, I2 = 0.0 %; recessive model: OR 
0.79, 95 % CI 0.66–0.94, Ph = 0.849, I2 = 0.0 %; homozy-
gous model: OR 0.76, 95 % CI 0.63–0.93, Ph = 0.702, 

Fig. 1  Flow chart explaining 
the selection of the 62 eligible 
articles included in the meta-
analysis

Potentially relevant papers identified and 

screened for retrieval (n = 420)

PubMed: n = 228; ISI: n = 192

Duplicate articles were 

excluded (n = 162).

Studies have possible associations 

(n = 258).

Publications about the association between

CYP1A2*1F and CYP1A2*1C

polymorphisms and cancer risk (n = 64).

Review articles, case reports, and 

other polymorphisms were 

excluded (n = 194).

Articles were excluded (n = 2).

Articles about the association between

CYP1A2*1F and CYP1A2*1C

polymorphisms and cancer risk (n = 62)
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I2 = 0.0 %; additive model: OR 0.89, 95 % CI 0.81–0.97, 
Ph = 0.622, I2 = 0.0 %).

There was significant heterogeneity in any genetic model 
(Ph < 0.001). We assessed the source of heterogeneity by eth-
nicity, cancer type, source of cases, genotype method, source 
of controls, and sample size. The results indicated that 
source of controls (dominant model: P = 0.048; heterozy-
gous model: P = 0.013) and cancer type (dominant model: 
P = 0.024; additive model: P = 0.030; heterozygous model: 
P = 0.005) but not ethnicity (dominant model: P = 0.089; 
recessive model: P = 0.522; homozygous model: P = 0.336; 
heterozygous model: P = 0.091; additive model: P = 0.133), 
sample size (dominant model: P = 0.874; recessive model: 
P = 0.259; homozygous model: P = 0.543; heterozygous 
model: P = 0.643; additive model: P = 0.748), source 
of cases (dominant model: P = 0.367; recessive model: 
P = 0.396; homozygous model: P = 0.839; heterozygous 
model: P = 0.291; additive model: P = 0.686), and geno-
type method (dominant model: P = 0.777; recessive model: 
P = 0.155; homozygous model: P = 0.208; heterozygous 
model: P = 0.881; additive model: P = 0.543) contrib-
uted to substantial heterogeneity in the meta-analysis. High 
between-studies heterogeneity was observed in breast cancer 
(recessive model: I2 = 75.1; homozygous model: I2 = 76.6; 
heterozygous model: I2 = 77.0) and other cancer (dominant 
model: I2 = 80.0; recessive model: I2 = 77.2; homozygous 
model: I2 = 81.2; additive model: I2 = 87.9). When we per-
formed subgroup analysis by source of controls and cancer 
type, high between-studies heterogeneity was also observed 
in breast cancer (recessive model: I2 = 54.6; homozygous 
model: I2 = 45.5; heterozygous model: I2 = 0.0) and other 
cancer (dominant model: I2 = 0.0; recessive model: I2 = 0.0; 
homozygous model: I2 = 0.0; additive model: I2 = 0.0) for 
the population-based studies.

When the meta-analysis was performed excluding stud-
ies with small sample sizes, there was no difference in 
results between overall analysis and subgroup analysis. 
In addition, a single study involved in the meta-analysis 
was deleted each time to reflect the influence of individual 
data set on the pooled ORs, and the corresponding pooled 
ORs were not essentially altered (data not shown). We per-
formed Begg’s funnel plot and Egger’s test to assess the 
publication bias of literatures. Begg’s funnel plots and Egg-
er’s test suggested that there was publication bias in any 
genetic model (dominant model: P = 0.001; heterozygous 
model: P = 0.001; recessive model: P = 0.025; additive 
model: P = 0.001; homozygous model: P = 0.004). This 
might be a limitation for the meta-analysis because stud-
ies with null findings, especially those with small sample 
size, are less likely to be published. Adjusting for possible 
publication bias using the Duval and Tweedie nonparamet-
ric ‘‘trim and fill’’ method for overall studies, the results 
did not change between CYP1A2*1F polymorphism with 

cancer risk. Figure 2 lists the Duval and Tweedie nonpara-
metric “trim and fill’’ methods funnel plot.

CYP1A2*1C

Table 2 also lists the main results of the meta-analysis of 
CYP1A2*1C polymorphism and cancer risk. Overall, no 
significant association was observed in any genetic model 
(dominant model: OR 1.02, 95 % CI 0.85–1.23, Ph < 0.001, 
I2 = 59.9 %; recessive model: OR 1.05, 95 % CI 0.86–
1.29, Ph = 0.262, I2 = 18.0 %; homozygous model: OR 
1.06, 95 % CI 0.86–1.30, Ph = 0.252, I2 = 18.9 %; hete-
rozygous model: OR 1.01, 95 % CI 0.84–1.22, Ph = 0.002, 
I2 = 56.1 %; additive model: OR 1.05, 95 % CI 0.88–1.25, 
Ph < 0.001, I2 = 67.0 %) when all the eligible studies were 
pooled into meta-analysis. No significant association was 
observed between CYP1A2*1C polymorphism and any 
subgroup analysis (Tables 3 and  4).

There was significant heterogeneity in dominant model 
(Ph < 0.001), heterozygous model (Ph = 0.002), and addi-
tive model (Ph < 0.001). Then, we assessed the source of 
heterogeneity by ethnicity, cancer type, source of cases, 
genotype method, source of controls, and sample size. 
The results indicated that ethnicity (dominant model: 
P = 0.026; additive model: P = 0.004) contributed to sub-
stantial heterogeneity in the meta-analysis. High between-
studies heterogeneity was also observed in lung cancer 
(dominant model: I2 = 76.3; recessive model: I2 = 88.6; 
homozygous model: I2 = 90.6; additive model: I2 = 85.9). 
However, when the study of B’chir [36] was excluded, the 
high between-studies heterogeneity was deleted in lung 
cancer (dominant model: I2 = 0.0; heterozygous model: 
I2 = 0.0; additive model: I2 = 0.0).

When the meta-analysis was performed excluding stud-
ies with small sample sizes, there was no difference in 
results between overall analysis and subgroup analysis. In 
addition, a single study involved in the meta-analysis was 
deleted each time to reflect the influence of individual data 
set on the pooled ORs, and the corresponding pooled ORs 
were not essentially altered (data not shown). Both Begg’s 
funnel plot and Egger’s test were performed to assess the 
publication bias of literatures. The Egger’s test results 
(dominant model: P = 0.463; recessive model: P = 0.216; 
additive model: P = 0.406; homozygous model: P = 0.326; 
heterozygous model: P = 0.677) and Begg’s funnel plot 
(Fig. 3) suggested no evidence of publication bias in the 
meta-analysis.

Discussion

CYP1A2 is an important gene for catalyzing 2- and 
4-hydroxylations of estrogens and metabolism of 
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carcinogens. A major reason for the limited number of 
studies of heterocyclic amine (HCA) and cancer risk is the 
difficulty in assessing human exposure to HCAs. HCA con-
centrations depend on cooking methods and the “doneness” 
level of the meat or fish, hampering the development of a 
complete and standardized database of concentrations; any 
estimation of dietary intake from food-frequency question-
naires (FFQs) is thus likely to result in misclassification. 
Like other environmental chemical carcinogens, HCAs 
require metabolic activation by host enzymes to become 
genotoxic. Phase I enzymes, including cytochrome P450 
1A2, can metabolically activate carcinogens to form geno-
toxic electrophilic intermediates (McManus et al. 1990). 
The relative activity of these metabolizing enzymes, which 
is in large part genetically determined, is thought to be an 
important host determinant of cancer incidence. A num-
ber of molecular epidemiological studies have been per-
formed to evaluate the association between CYP1A2*1C 
and CYP1A2*1F polymorphisms and different types of 
cancer risk in diverse populations. However, the results 
were inconsistent or even contradictory. In addition, three 
recent meta-analyses have studied the association between 
CYP1A2*1C and CYP1A2*1F and risk of cancer. How-
ever, some published studies were not included in the three 
recent meta-analyses (Tian et al. 2013; Zhenzhen et al. 
2013; Wang et al. 2012a, b). Hence, we performed a meta-
analysis to explore the association between CYP1A2*1C 
and CYP1A2*1F polymorphisms and cancer risk.

This meta-analysis suggests that CYP1A2*1F polymor-
phism is associated with increased lung cancer risk and 
CYP1A2*1F polymorphism is associated with decreased 
bladder cancer risk, while results from other subgroups 
remain negative. A possible explanation may be that the 
biological effect of the genetic mutation is influenced by 
the variable environmental conditions at different tumor 
sites, leading to unpredictable physiological characteristics. 
It may also be attributed to the uncertainty of CYP1A2*1F 
polymorphism’s function at different tumor positions. 
Aldrich et al. (2009) reported that CYP1A2 rs762551 pol-
ymorphism was associated with an increased risk of lung 
cancer. Gemignani et al. (2007) reported that CYP1A2 
rs762551 was associated with an increased risk of lung 
cancer in heterozygote carriers (P < 0.05), although not in 
homozygote. Singh et al. (2010–2011) found that variant 
genotype of CYP1A2*1F was significantly associated with 
increased susceptibility to squamous cell carcinoma (SCC) 
of lung. Pavanello et al. (2012) identified not only increased 
CYP1A2 metabolic activity but also increased urine muta-
genicity in Italian heavy smokers having an ancestral allele 
of this variant. These findings are consistent with our meta-
analysis results being associated with risk of lung cancer. 
However, at any case, the association between CYP1A2*1F 
polymorphism and bladder cancer risk remains an open 

field, as the number of studies (n = 4 for CYP1A2*1F) is 
considerably smaller than that needed for the achievement 
of robust conclusions (Higgins and Green 2008).

In the subgroup analysis by ethnicity and cancer type, 
significantly increased lung cancer risk was found in Cau-
casians and significantly decreased bladder cancer risk was 
also found in Caucasians, but not Africans or Asians. The 
results suggested a possible role of ethnic difference in 
genetic background and the environment they lived in. The 
same polymorphisms play different roles in cancer suscep-
tibility in different ethnic populations, because cancer is 
a complicated multigenetic disease, and different genetic 
backgrounds may contribute to the discrepancy (Hirschhorn 
et al. 2002). In the present meta-analysis, between-studies 
heterogeneity was observed between CYP1A2*1C and 
CYP1A2*1F polymorphisms and cancer of risk. Meta-
regression analysis indicated that source of control and can-
cer type contributed to substantial heterogeneity between the 
meta-analyses for CYP1A2*1F polymorphism and ethnicity 
contributed to substantial heterogeneity between the meta-
analyses for CYP1A2*1C. The hospital-based studies may 
have certain biases for such controls and may only represent 
a sample of an ill-defined reference population, and may not 
be representative of the general population or it may be that 
numerous subjects in the population-based controls were 
susceptible individuals. The small number of studies hinders 
the ability to draw more definite conclusions. Therefore, the 
use of proper and representative population-based control 
subjects is important to reduce biases in such genetic studies. 
And this indicates that it may not be appropriate to use an 
overall estimation of the relationship between CYP1A2*1C 
and CYP1A2*1F polymorphism and risk of cancer.

We noticed with great interest that 3 previous meta-
analyses had been reported on the overall cancer risk with 
CYP1A2*1C and CYP1A2*1F polymorphisms (Tian et al. 
2013; Zhenzhen et al. 2013; Wang et al. 2012a, b). Tian et al. 
(2013) had 46 case–control studies for CYP1A2*1F polymor-
phism, in which a total of 22,993 cases and 28,420 controls 
were included. Their meta-analysis suggested that the allele 
of CYP1A2*1F polymorphism may be associated with breast 
and ovarian cancer risk, especially in Caucasian populations. 
However, two articles (Cui et al. 2013; Tsukino et al. 2004) 
should be excluded from their meta-analyses, because the two 
articles explored the CYP1A2*1C polymorphism and cancer 
risk. In addition, the study subjects should be mixed popula-
tion, but not Caucasians in the study of Rebbeck et al. (2006). 
Zhenzhen et al. (2013) included 37 case–control studies for 
CYP1A2*1F (16,825 cases and 21,513 controls) and 15 stud-
ies for CYP1A2*1C (3,677 cases and 5,127 controls). Their 
meta-analyses suggested that the rs762551 polymorphism of 
the CYP1A2 gene might be a potential biomarker for the risk 
of cancer in Caucasians. Wang et al. (2012a, b) had 19 eligi-
ble case–control studies for CYP1A2*1F, in which a total of 
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8,128 cases and 11,165 controls were included. Their meta-
analysis suggested that the CYP1A2 rs762551 polymorphism 
is likely to be associated with susceptibility to cancer in Cau-
casians. However, some published studies were not included 
in their meta-analyses (Tian et al. 2013; Zhenzhen et al. 2013; 
Wang et al. 2012a, b). By analyzing a larger number of stud-
ies than the previous meta-analysis (Tian et al. 2013; Zhen-
zhen et al. 2013; Wang et al. 2012a, b), our meta-analysis 
included 27,301 cases and 33,885 controls (from 57 studies) 
for CYP1A2 rs762551 and 4,722 cases and 6,555 controls 
(from 21 studies) for CYP1A2*1C to perform the two gene 
polymorphisms and cancer risk. Our meta-analysis suggests 
that CYP1A2*1F polymorphism is associated with increased 
lung cancer risk and CYP1A2*1F polymorphism is associ-
ated with decreased bladder cancer risk in Caucasians. Our 
results seem to confirm and establish the trend in the meta-
analysis of the CYP1A2*1C and CYP1A2*1F polymor-
phisms according to the previous meta-analysis (Tian et al. 
2013; Zhenzhen et al. 2013; Wang et al. 2012a, b).

There are still some limitations inherited from the pub-
lished studies. First, our results were based on single-factor 
estimations without adjustment for other risk factors includ-
ing alcohol usage, environmental factors and other lifestyles. 
Second, in the subgroup analysis there may exist insufficient 
statistical power to check an association. Third, the con-
trols were not uniformly defined. Therefore, non-differential 
misclassification bias is possible because these studies may 
have included the control groups who have different risks for 
developing cancer in the various organs. However, this meta-
analysis has also several strengths. First, a systematic review 
of the association of CYP1A2*1C and CYP1A2*1F poly-
morphisms with cancer risk is statistically more powerful 
than any single study. Second, the quality of eligible studies 

included in current meta-analysis was satisfactory and met 
our inclusion criteria. Third, we included more published 
studies than previously published meta-analysis.

In conclusion, this meta-analysis suggests that 
CYP1A2*1F polymorphism is associated with increased 
lung cancer risk and CYP1A2*1F polymorphism is asso-
ciated with decreased bladder cancer risk in Caucasians. 
However, further studies are still needed to validate 
the associations between genetic polymorphisms in the 
CYP1A2 gene and cancer risks.
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