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Abstract

Background: Ataxia telangiectasia mutated (ATM) gene plays a key role in response to DNA lesions and is related
to the invasion and metastasis of malignancy. Epidemiological studies have indicated associations between ATM
rs1801516 polymorphism and different types of cancer, but their results are inconsistent. To further evaluate the
effect of ATM rs1801516 polymorphism on cancer risk, we conducted this meta-analysis.

Methods: Studies were identified according to specific inclusion criteria by searching PubMed, Web of Science, and
Embase databases. Pooled odds ratios (ORs) and corresponding 95% confidence intervals (Cls) under recessive,
dominant, codominant, and overdominant models of inheritance were calculated to estimate the association
between rs1801516 polymorphism and cancer risk.

Results: A total of 37 studies with 12,879 cases and 18,054 controls were included in our study. No significant
association was found between rs1801516 polymorphism and cancer risk in overall comparisons (AA vs GG + GA:
OR =091, 95% (I, 0.78-1.07; AA+GA vs GG: OR=1.00, 95% C/, 0.90-1.11; AA vs GG: OR=0.89, 95% C/, 0.75-1.06; GA
vs GG: OR=1.01, 95% Cl, 091-1.13; GG + AA vs GA: OR = 1.00, 95% (I, 0.88-1.10). However, after subgroup analyses
by region-specified population, significant associations were found in European (AA vs GG+ GA: OR=0.79, 95% Cl,
0.65-0.96, P=0.017; AA vs GG: OR=0.79, 95% Cl, 0.65-0.96, P=10.017), South American (AA+GA vs GG: OR=2.15,
95% Cl, 1.37-3.38, P=10.001; GA vs GG: OR=2.19, 95% CJ, 1.38-347, P=0.001; GG + AA vs GA: OR=0.46, 95% (I,
0.29-0.72, P=10.001), and Asian (AA vs GG+ GA: OR=745, 95% (I, 1.31-42.46, P=0.024; AA vs GG: OR =740, 95% (I,
1.30-42.19, P=0.024). Subgroup analyses also revealed that compared with subjects carrying a GG genotype, those
carrying a homozygote AA had a decreased risk for breast cancer (AA vs GG: OR=0.76, 95% (I, 0.59-0.98, P = 0.035),
and the homozygote AA was associated with decreased cancer risk in subjects with family history (AA vs GG:
OR=0.68, 95% (I, 0.47-0.98, P=0.039).

Conclusions: ATM rs1801516 polymorphism is not associated with overall cancer risk in total population. However,
for subgroup analyses, this polymorphism is especially associated with breast cancer risk; in addition, it is associated
with overall cancer risk in Europeans, South Americans, Asians, and those with family history.
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Background

Cancer is a worldwide public health problem, and con-
siderable parts of death are due to cancer every year. It
is reported that one fourth deaths in the United States is
caused by cancer [1]. According to the latest cancer data
from the GLOBOCAN website, there were 14.1 million
new cancer cases, 8.2 million cancer deaths, and 32.6
million people living with cancer (within 5 years of diag-
nosis) in 2012 worldwide [2]. The statistical data of cancer
in 2017 shows that 1,688,780 new cancer cases (836,150
males and 852,630 females) are expected to be diagnosed
in the United States, and 600,920 Americans (318,420
males and 282,500 females) are expected to die of cancer
[3]. For all sites combined, both the incidence rate and
death rate are higher in males than those in females, and
the most commonly diagnosed cancers are lung cancer,
prostate cancer, breast cancer, and colon cancer [3].

Pathogenesis of cancer has been studied worldwide for a
long time, generating different theories, such as the gene
mutation, oxidative stress, and ionization radiation theories.
Single nucleotide polymorphisms (SNPs) on different genes
have been detected for finding specific biomarkers in differ-
ent cancers. Ataxia telangiectasia-mutated (ATM) gene is
one of the most frequently studied genes in cancer occur-
rence and progression. Mutation on ATM leads to the hu-
man autosomal recessive disorder, ataxia-telangiectasia
(A-T), resulting in high cellular radiosensitivity, chromo-
somal instability, immunodeficiency, and cancer predispos-
ition [4, 5]. Lymphomas and leukemia are predominant in
all types of cancer in A-T patients, and the cancer inci-
dence rate in black A-T patients is as more than two times
as that in whites [6, 7]. ATM gene is located in human
chromosome 11q22-23, spans over 160 kb DNA, and en-
codes a 315 kDa protein. As a member belonging to the
phosphoinositide 3-kinase (PI3-K)-related protein kinase
family, ATM is activated by a series of cellular stress events,
such as DNA double-strand break (DSB), reactive oxygen
species, hypotonic stress, and chloroquine [8]. ATM is in-
volved in important life processes, including DNA repair,
cell cycle regulation, neuroprotection, immunity, metabol-
ism, longevity, and fertility [8].

Several ATM polymorphism loci have been studied in dif-
ferent types of cancer, including rs1801516, which is a com-
mon nonsynonymous variant on this gene. Genome-wide
association studies (GWAS) have identified rs1801516 as a
susceptibility locus for melanoma [9]. Large-sample
case-control studies have assessed effects of this poly-
morphism on risk of breast cancer, prostate cancer, rectal
cancer, bladder cancer, lung cancer, pancreatic cancer, and
thyroid cancer. Meta-analyses have also been performed to
assess ATM rs1801516 polymorphism and cancer predis-
position, but the results are inconsistent [10—14].

We performed this meta-analysis to further identify
the association between rs1801516 polymorphism and
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cancer risk using larger sample size than ever before,
and using the trial sequential analysis (TSA) to give
more comprehensive conclusions.

Methods

We conducted this meta-analysis according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [15].

Search strategy

Systematic search of publications was performed in
PubMed, Web of Science, and Embase datasets (last
search on November 18, 2017). Because of different no-
menclatures for SNP, we took all the names that might
be used in different studies of this SNP into consider-
ation in our searching terms: “(rs1801516 or G5557A or
5557G>A or 5557 G/A or Aspl853Asn or D1853N or
G1853A) and (cancer or carcinoma or malignancy)”.

Inclusion criteria

Studies included in this meta-analysis met the following
criteria: (1) A human study with full text available; (2) A
study on ATM rs1801516 polymorphism and cancer risk;
(3) Using a case-control study design; (4) Using healthy
subjects without malignant diseases as controls; (5)
Genotype data is sufficient for odds ratio (OR) and 95%
confidence interval (CI) estimation. In addition, we
screened the reference lists of all the relevant studies, in-
cluding eligible studies, reviews and meta-analyses, and
only original articles published in English were included.

Data extraction

For each included study, the following information was
extracted: the first author, year of publication, country,
region-specified population, cancer type, source of con-
trols, matching criteria of controls, family history, geno-
typing method, Hardy-Weinberg equilibrium (HWE) in
controls, minor allele frequency (MAF) in cases and
controls, sample size, and numbers of cases and controls
with different genotype. Region-specified population in
our meta-analysis was defined geographically as
European, North American, South American, Asian, and
Oceanian.  Population-based controls (PBC) and
hospital-based controls (HBC) were classified in our
meta-analysis: blood donors and controls recruited from
birth cohort, general population, and community are de-
fined as PBC; and controls recruited from hospitals,
clinics, research institutions, and biorepository were de-
fined as HBC.

Quality assessment

Two authors (YG and JS) assessed the quality of each
study independently according to the Newcastle-Ottawa
Scale (NOS) for case-control studies [16]. A study can
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be awarded a maximum score of 9: 4 assigned for selec-
tion, 2 for comparability, and 3 for exposure. When incon-
sistency existed between the two authors, the third author
(SQ) was requested to reassess the score of quality.

Statistical analysis
Allele and genotype frequencies in controls were calcu-
lated for each study to evaluate the HWE using
chi-square test. Association between rs1801516 poly-
morphism and cancer risk was assessed by OR and cor-
responding 95% CI calculated from logistic regression.
For each analysis, stratified or pooled, five comparisons
were conducted, including dominant model (GA/AA vs
GG@), codominant model (GA vs GG and AA vs GG), re-
cessive (AA vs GG/GA), and overdominant model (GA
vs GG/AA). For studies of Sommer SS et al. [17],
Gonzalez-Hormazabal P et al. [18], Maillard S et al. [19],
and Calderon-Zuniga Fdel C et al. [20], no AA genotype
was detected in either case or control group; thus, these
studies were excluded in comparisons of AA vs GG and
AA vs GA/GG. For studies of Yang H et al. [21], Bretsky
P et al. [22], and Hirsch AE et al. [23], frequencies of
GG and GA genotypes were presented together as GG/
GA; thus, only association under recessive model was
evaluated for these studies. For study of Xu L et al. [24],
frequencies of GA and AA genotypes were presented to-
gether as GA/AA; thus, only association under dominant
model was evaluated for this study. Subgroup analyses
were performed by cancer type, region-specified popula-
tion, source of control, matching status of controls, fam-
ily history, sample size, and HWE in controls.
Heterogeneity among studies was evaluated using Q test
and P statistics. Fixed effect model (Mantel-Haenszel
method) was used to calculate OR and 95% CI when P
value of Q test was more than 0.10 or F value was less
than 50%; otherwise, random effect model (DerSimonian--
Laird method) was used. When the meta-analysis included
10 studies or more, publication bias was estimated using
the visualizing Begg’s funnel plot, in which the log(OR)
and its standard error of each study were indicated as Y-
and X- axes respectively. An asymmetric funnel plot
implied a possible publication bias. Furthermore, Egger’s
linear regression test was utilized to determine the signifi-
cance of asymmetry (P < 0.05 was considered to represent
significant publication bias). Sensitivity analysis was per-
formed with one study omitted at each time.

All analyses were performed using Stata 12.0, and
two-sided tests with P value less than 0.05 was consid-
ered statistically significant unless otherwise specified.

Trial sequential analysis

Because of sparse data and repeated significance testing,
meta-analyses may lead to type I error for the presence
of systematic errors (bias) or random errors (play of
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chance) [25-27]. To assess our meta-analysis compre-
hensively, we performed TSA using the novel TSA soft-
ware [28] to calculate the required information size
(sample size) with an adjusted significance level. Briefly,
we calculated the required information size on the basis
of an overall type I error of 5%, an overall type II error
of 20% (a power of 80%), and a relative risk reduction of
20%. Two-sided graphs were plotted using dotted black
lines indicating boundaries for significance in a conven-
tional meta-analysis, blue line indicating the cumulative
Z-score, and red lines sloping inwards indicating trial se-
quential monitoring boundaries using adjusted P values.

Results

Study characteristics

After strict screening, 34 eligible studies with 12,879
cases and 18,054 controls were identified in our
meta-analysis (Fig. 1). In studies of Xu L et al. [24],
Tommiska J et al. [29], and Akulevich NM et al. [30],
two independent case-control studies were presented re-
spectively; thus, each study was treated separately in our
meta-analysis. For study of Xu L et al. [24], two parts of
controls (HBC and PBC) were included; for study of
Tommiska ] et al. [29], two parts of cases (familial and
unselected cases) were included; for study of Akulevich
NM et al. [30], based on the condition of ionizing radi-
ation (IR)-exposed or not, two separate studies were in-
cluded, namely IR-induced papillary thyroid cancers
(PTCs) vs IR-exposed controls, and sporadic PTCs vs
non-exposed controls. Finally, 37 studies were included
in the following analyses: 14 studies concentrated on ef-
fect of rs1801516 polymorphism on breast cancer risk
[17, 18, 20, 22, 23, 29, 31-37], nine on thyroid cancer
risk [19, 24, 30, 38-41], three on cervical cancer risk
[42-44], two on colorectal cancer risk [45, 46], two on
lung cancer risk [21, 47], one on bladder cancer risk
[48], one on head and neck cancer risk [49], one on ma-
lignant melanoma risk [50], one on ovarian cancer risk
[51], one on pancreatic cancer risk [52], one on prostate
cancer risk [53], and one on renal cell cancer risk [54],
respectively. Main characteristics of these studies are
shown in Table 1 and Additional file 1: Table SI1.
Region-specified population was defined geographically
in the 37 studies, 19 of which was European, 12 of which
was North American, two of which was South American,
three of which was Asian, and one of which was Ocean-
ian. Cases in seven studies had a family history, and
cases in the other 30 studies were unselected. Controls
in 14 studies were HBC, controls in 17 studies were
PBC, and six studies didn’t report the source of controls.
A total of 25 studies had controls matched to cases for
different factors; whereas, 12 studies had controls not
matched to cases in that the controls were randomly se-
lected. Genotyping methods were diverse, including real
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Fig. 1 Flow chart of the process of study identification and selection

time polymerase chain reaction (RT-PCR), PCR-restriction
fragment length polymorphism (PCR-RFLP), TagManSNP
(TagMan), direct sequencing, microarray, and ten other
methods. NOS scores of the included studies ranged from
six to nine, indicating that the quality of studies in our
meta-analysis is high.

HWE in controls and MAF in cases and controls for
each study were obtained after reading the full text or
calculated according to the genotype data (Table 2). As a
result, rs1801516 genotype distribution of controls was
in HWE for 30 studies, and was not in HWE for four
studies; besides, genotype distribution could not be ob-
tained for three studies. Therefore, to assess the poten-
tial influence of HWE on the overall results, subgroup
analysis by HWE in controls was performed. For study
of Calderon-Zuniga Fdel C et al., the minor allele A was
not detected in controls.

Main results of meta-analyses

The pooled and subgroup meta-analyses of associations
between rs1801516 polymorphism and cancer suscepti-
bility are shown in Table 3. Overall, no significant asso-
ciation was found under any model of inheritance (AA
vs GG + GA: OR=091, 95% CI, 0.78-1.07; AA+GA vs
GG: OR =1.00, 95% CI, 0.90-1.11; AA vs GG: OR =0.89,
95% CI, 0.75-1.06; GA vs GG: OR =1.01, 95% CI, 0.91-
1.13; GG + AA vs GA: OR=1.00, 95% CI, 0.88-1.10). In
subgroup analyses by region-specified population,

significant associations were found in European (AA vs
GG + GA: OR=0.79, 95% CI, 0.65-0.96, P=0.017; AA
vs GG: OR=0.79, 95% CI, 0.65-0.96, P =0.017), South
American (AA+GA vs GG: OR=2.15, 95% CI, 1.37—
3.38, P=0.001; GA vs GG: OR =2.19, 95% CI, 1.38-3.47,
P=0.001; GG+AA vs GA: OR=046, 95% CI, 0.29—
0.72, P=0.001), and Asian (AA vs GG + GA: OR =745,
95% CI, 1.31-42.46, P=0.024; AA vs GG: OR=7.40,
95% CI, 1.30-42.19, P =0.024). In subgroup analyses by
cancer types, significant decreased risk of breast cancer
was found for those carrying AA genotype (AA vs GG:
OR =0.76, 95% CI, 0.59-0.98, P=0.035). In subgroup
analyses by family history, AA carriers had a significant
decreased risk compared with GG carriers in those with
family history (AA vs GG: OR = 0.68, 95% CI, 0.47-0.98, P
=0.039), and a borderline significance was found for AA
vs GG + GA (OR =0.70, 95% CI, 0.48-1.00, P = 0.051).

Heterogeneity analysis

We applied Q test and I statistics to evaluate the het-
erogeneity of our meta-analysis. Our results showed
significant heterogeneity among studies for AA+GA vs
GG (I =60.8%, P <0.001), GA vs GG (I*=77.1%, P<
0.001), and GG+AA vs GA (I°=74.4%, P<0.001)
models (Table 3). To further investigate the source of
heterogeneity, we performed meta-regression analysis
by region-specified population, cancer type, source of
controls, matched controls or not, family history,
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First author Year Country Region-specified Cancer type Source of Matched Family N NOS
population controls  controls  history m Score
Maillet P [45] 2000 Swiss European Colorectal cancer PBC No Yes 47 163 7
Dork T [34] 2001 Germany European Breast cancer PBC Yes No 1000 500 8
Sommer SS [17] 2002 USA North American  Breast cancer HBC Yes No 43 43 7
Angele S [33] 2003 France European Breast cancer PBC Yes No 254 312 8
Bretsky P [22] 2003 USA North American  Breast cancer PBC Yes No 428 426 9
Angele S [53] 2004 UK European Prostate cancer PBC No No 637 445 7
Buchholz TA [37] 2004 USA North American  Breast cancer PBC No No 58 528 7
Kristensen AT [46] 2004 Norway European Colorectal cancer PBC No No 151 3526 7
Heikkinen K [35] 2005 Finland European Breast cancer PBC Yes Yes 121 306 9
Landi S [47] 2006 Six countries®  European Lung cancer HBC Yes No 299 317 8
Renwick A [36] 2006 UK European Breast cancer PBC No Yes 443 521 7
Tommiska J @ [29] 2006 Finland European Breast cancer NR Yes Yes 786 708 7
Tommiska J © [29] 2006 Finland European Breast cancer NR Yes No 884 708 7
Wu X [48] 2006 USA North American  Bladder cancer HBC Yes No 69 629 8
Yang H [21] 2007 USA North American  Lung cancer HBC Yes No 556 556 8
Gonzalez-Hormazabal P [18] 2008 Chile South America  Breast cancer HBC Yes Yes 126 200 8
Hirsch AE [23] 2008 USA North American  Breast cancer HBC Yes No 37 95 7
Margulis V [54] 2008 USA North American  Renal cell cancer PBC Yes No 326 335 9
Schrauder M [32] 2008 Germany European Breast cancer HBC Yes No 514 511 8
Tapia T [31] 2008 Chile South America  Breast cancer PBC No Yes 95 200 7
Akulevich NM # [30] 2009 Russian, Belarus European Thyroid cancer PBC Yes No 123 198 9
Akulevich NM ® [30] 2009 Russia European Thyroid cancer PBC Yes No 132 398 9
Li D [52] 2009 USA North American  Pancreatic cancer HBC Yes No 734 780 8
Oliveira S [43] 2011 Portuguese European Cervical cancer HBC No No 149 280 6
Al-Hadyan KS [49] 2012 Saudi Arabia Asian Head and neck cancer NR No No 156 251 6
Xu L 2 [24] 2012 USA North American  Thyroid cancer HBC No No 303 511 6
Xu L ° [24] 2012 USA North American  Thyroid cancer PBC Yes No 289 374 9
Alsbeih G [42] 2013 Saudi Arabia Asian Cervical cancer NR Yes No 100 100 8
Pena-Chilet M [50] 2013 Spanish European Malignant melanoma  HBC Yes No 566 347 7
Calderon-Zuniga Fdel C [20] 2014 Mexico North American  Breast cancer HBC No Yes 94 96 6
Damiola F [39] 2014 Belarus European Thyroid cancer PBC Yes No 83 324 9
Wojcicka A [38] 2014 Poland European Thyroid cancer HBC No No 1603 1844 6
Maillard S [19] 2015 France Oceanian Thyroid cancer PBC Yes No 177 275 9
Pereda CM [41] 2015 Cuba North American  Thyroid cancer PBC Yes No 203 212 9
Tecza K [51] 2015 Poland European Ovarian cancer HBC Yes No 225 348 7
Halkova T [40] 2016 Czech Republic  European Thyroid cancer NR No No 209 374 6
Al-Harbi NM [44] 2017 Saudi Arabia Asian Cervical cancer NR Yes No 232 313 7

HBC, hospital-based case-controls; PBC, population-based case-controls; NR, not report
P Two independent case-control studies were presented for the same original study

This study was conducted in six Central and Eastern European countries: Czech Republic, Hungary, Poland, Romania, Russia, and Slovakia

sample size, and HWE in controls. As a result, family
history was a source of heterogeneity for AA+GA vs
GG (P=0.040, 59% CI, 0.204-7.804) and GA vs GG

(P=0.044, 59% CI, 0.113-8.055), suggesting that

family history may explain the among-studies’ hetero-
geneity under these two models. However, no factor
was detected as a source of heterogeneity for GG +
AA vs GA (Table 4).
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First author Year Cases Controls HWE in MAF
G A A e A A controls (cases/controls)

Maillet P [45] 2000 34 13 0 120 40 3 0.874 0.138/0.141
Dork T [34] 2001 753 235 12 422 74 4 0.705 0.130/ 0.082
Sommer SS [17] 2002 38 5 0 32 1" 0 0.336 0.058/0.128
Angele S [33] 2003 240 65 7 192 56 6 0433 0.127 / 0.134
Bretsky P [22] 2003 335¢ 47 329¢ 47 NA NA

Angele S [53] 2004 457 153 18 309 124 12 0917 0.150/ 0.166
Buchholz TA [37] 2004 39 17 2 394 119 15 0.107 0.181/0.141
Kristensen AT [46] 2004 9 50 2 2413 1008 105 0.983 0.179/0.173
Heikkinen K [35] 2005 68 44 9 174 109 23 0.308 0.256 / 0.253
Landi S [47] 2006 205 73 7 238 63 3 0.602 0.153/0.113
Renwick A [36] 2006 339 98 6 371 131 19 0.088 0.124 / 0.162
Tommiska J * [29] 2006 485 285 33 404 260 38 0.648 0219/ 0239
Tommiska J ® [29] 2006 469 276 33 404 260 38 0.648 0220/ 0239
Wu X [48] 2006 434 156 18 439 136 17 0.109 0.158 / 0.144
Yang H [21] 2007 537¢ 7 536° 10 0.590 NA
Gonzalez-Hormazabal P [18] 2008 100 26 0 174 26 0 0.326 0.103 / 0.065
Hirsch AE [23] 2008 29° 8 78° 17 NA NA

Margulis V [54] 2008 254 64 5 249 81 5 0.583 0.115/0.136
Schrauder M [32] 2008 406 99 9 369 129 13 0.668 0.114/0.152
Tapia T [31] 2008 74 19 1 183 15 2 0.015 0.112/0.048
Akulevich NM ? [30] 2009 95 25 2 138 53 7 0.501 0.119/0.169
Akulevich NM ° [30] 2009 105 24 3 293 90 15 0.020 0.114/0.151
Li D [52] 2009 524 186 18 565 200 8 0.034 0.152 / 0.140
Oliveira S [43] 2011 13 31 5 194 79 7 0.755 0.138 /0.166
Al-Hadyan KS [49] 2012 131 23 2 218 33 0 0.265 0.087 / 0.066
Xu L ?[24] 2012 239 647 392 119¢ > 0.05 NA

Xu L ®[24] 2012 244 459 305 69° >005 NA

Alsbeih G [42] 2013 90 8 2 88 12 0 0.523 0.060 / 0.060
Pena-Chilet M [50] 2013 349 91 9 232 68 1 0.040 0.121/0.145
Calderon-Zuniga Fdel C [20] 2014 82 12 0 96 0 0 NA 0.060 / 0.000
Damiola F [39] 2014 63 6 1 177 66 7 0.778 0.057 / 0.160
Woijcicka A [38] 2014 1261 319 23 1455 357 32 0.066 0.114/0.114
Maillard S [19] 2015 164 1 0 262 8 0 0.805 0.031 /0015
Pereda CM [41] 2015 153 44 0 162 42 2 0.690 0.112/0.112
Tecza K [51] 2015 153 64 6 254 76 5 0.800 0.170/0.128
Halkova T [40] 2016 158 45 5 284 81 9 0.270 0.132/0.132
Al-Harbi NM [44] 2017 201 28 3 275 38 0 0.253 0.073 / 0.061

HWE, hardy-weinberg equilibrium; MAF, minor allele frequency; NA, data was unavailable
2PTwo independent case-control studies were presented for the same original study

‘number of GG + GA
“number of GA + AA

Publication bias

Begg’s funnel plot and Egger’s linear regression test
were used to assess the publication bias of studies in
our meta-analysis. The shape of the funnel plots under
four models seemed symmetrical (Fig. 2), and the re-
sults of Egger’s test revealed no evidence of significant
publication bias (AA vs GG+ GA: P=0.266; AA+GA

vs GG: P=0.505; AA vs GG: P=0.201; GA vs GG: P =
0.574; GG + AA vs GA: P =0.587).

Sensitivity analyses

We performed sensitivity analysis by excluding one
study at each time to evaluate the influence of each indi-
vidual study on the overall ORs and 95% CIs. The results
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Table 3 Overall and subgroup meta-analyses of association between rs1801516 polymorphism and cancer susceptibility under
different models

Group AA vs GG + GA AA+GA vs GG AA vs GG GA vs GG GG + AA vs GA
OR (95% Cl) £ ) P, OR(95% Cl)  F (%) P, OR(95% Cl)  F (%) P, OR(95% Cl)  F (%) P, OR(95% Cl) P (%) Py

Overall 091 <01 0616 100 608 <0001 089 58 0378 101 7714 <0001 100 744 <0001
(0.78,1.07) (090, 1.11) (0.75, 1.06) (091,1.13) (0.88,1.10)

Region-specified population

European 0.79 (0.65, 0.96) <0.1 0848 094 656 <0001 0.79 <01 0677 095 619 <0001 104 600 <0.001
(0.82,1.07) (0.65, 0.96) (0.84, 1.08) (092, 1.18)

North 1.09 <01 0566 1.02 436 0077 132 <01 0408 103 523 0.050 097 525 0.049

American (0.82, 1.45) (0.90, 1.15) (0.85, 2.06) (0.80, 1.32) (0.76, 1.25)

South 1.07 - - 2.15 166 0274 1.24 - - 2.19 332 0221 0.46 327 0223

American (0.1,11.88) (1.37, 3.38) (0.11,13.84) (1.38, 3.47) (0.29, 0.72)

Asian 7.45 <01 0956 1.11 <01 0719 7.40 <01 0949 1.00 <01 0592 1.02 <01 0584
(1.31, 42.46) (0.79, 1.58) (1.30, 42.19) (0.70, 1.43) (0.71, 1.46)

Oceanian 1.83 - - 220 - - - - - 220 - - 046 - -
(0.55, 6.05) (0.87, 5.58) (0.87, 5.58) (0.18, 1.16)

Cancer type

Breast cancer 0.84 <01 0777 1.09 780 <0001 0.76 <01 0632 1.1 764 <0001 090 753  <0.001
(0.68, 1.04) (0.86, 1.38) (0.59, 0.98) (0.87, 1.41) 0.71,1.13)

Thyroid cancer 0.73 <0.1 0886 087 523 0033 0.71 <01 0830 089 606 0018 1.1 59.1 0023
(048, 1.11) (0.71,1.07) (047, 1.08) (067, 1.18) (0.84, 147)

Cervical cancer 229 <01 0379 086 <01 0443 213 58 0346 079 <01 0489 129 <01 049%
(0.89, 591) (063, 1.18) (0.83, 548) (057, 1.09) (093, 1.79)

Colorectal cancer 044 <01 0953 1.3 <01 0874 047 <01 0966 120 <01 0899 082 <01 0903
(0.12, 1.59) (0.83, 1.54) (0.13, 1.69) (0.87, 1.64) (060, 1.12)

Lung cancer 122 554 0134 141 - - 2.71 - - 1.35 - - 0.76 - -
(0.35, 4.20) (0.97, 2.05) (069, 1061) (092, 1.98) (0.52,1.12)

Source of controls

PBC 083 <01 0858 099 708 <0001 075 <01 0771 103 708 <0001 09 699 <0001
(065, 1.07) (081, 1.21) (0,55, 1.03) (0.83,1.28) (0.78,1.19)

HBC 1.04 172 0285 102 625 0002 1.06 362 0140 103 622 0003 098 608  0.004
(0.80, 1.36) (0.86, 1.20) (0.80, 1.42) (0.86, 1.23) (0.82,1.17)

NR 0.88 240 0254 093 <01 0827 086 262 0238 093 <01 0928 1.06 <01 0944
(0.64, 1.20) (0.82, 1.06) (063, 1.18) (0.82,1.07) (0.93, 1.20)

Matched controls

Yes 095 <01 0514 097 648 <0001 093 18 0238 099 624 <0001 101 60.5 <0.001
(0.79, 1.14) (0.84, 1.12) (0.75, 1.15) (0.86, 1.14) (0.88, 1.16)
No 0.82 <01 0567 1.02 549 0011 081 <01 0565 106 582 0008 094 579 0008
(0.59, 1.12) (0.86, 1.21) (059, 1.11) (0.87, 1.29) (0.77,1.14)
Family history
Yes 0.70 <01 0574 1.20 731 0001 0.68 <01 0519 125 712 0002 0.80 699  0.003
(048, 1.00) (0.85,1.71) (0.47, 0.98) (0.88, 1.77) (057,1.12)
No 0.98 <01 0634 097 579 <0001 097 52 039 098 575 <0001 102 56 <0.001
(0.82, 1.16) (0.87, 1.09) (0.79,1.18) (087, 1.11) (090, 1.14)
Sample size
<1000 095 <0.1 0601 099 568 <0001 089 47 0399 1.01 564 <0001 099 549 0001
(0.75, 1.20) (0.85, 1.15) (067, 1.20) (0.85, 1.19) (0.84,1.17)
> 1000 0.89 20 0420 1.01 716 <0001 089 181 0282 102 699  0.001 0.98 68.7  0.001
(0.72,1.10) 0.87,1.17) 0.71,1.01) (0.88, 1.18) (0.84,1.13)

HWE in controls

Yes 087 <01 074 099 575 <0001 087 <01 058 1.00 567 <0001 099 549 <0001
(0.73, 1.05) (0.89, 1.10) (0.72,1.05) (089, 1.12) (089, 1.11)

No 109 560 0078 1.06 763 0005 095 583 0066 1.08 744 0008 092 735 0010
(0.64, 1.84) (070, 1.61) (036, 2.50) (0.72,1.63) (062, 1.38)

NR 103 <01 0631 2924 - - - - - 2924 - - 0.03 - -
(069, 1.52) (171, 501.48) (1.71,501.48) (0.00, 0.59)

HBC, hospital-based case-controls; PBC, population-based case-controls; NR, not report
Py, P value of Q test for heterogeneity
Significant ORs (95% Cls) were in bold
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Comparisons Coef. Std. Err. ¢ p 95% Cl T Pres (%)  AdjR* (%) F P,
AA+GA vs GG
Region-specified population 0.209 93570 —7.280 0580 0676
European —1.245 4.907 —-0.250 0.801 (=11.280, 8.790)
North American 1.646 5.043 0330 0.747 (—8.668, 11.959)
South American 0.128 5.853 0.020 0.983 (—11.843, 12.098)
Asian -1.132 5.520 -0210 0.839 (=12.421,10.157)
Oceanian referent  referent  referent  referent  referent
Cancer type 0221 94.150 —-13.690 0360 0870
Breast cancer 2273 3.744 0610 0.549 (=5.396, 9.942)
Cervical cancer -0.220 4474 —0.050 0.961 (—9.383, 8.944)
Lung cancer 0.304 5.996 0.050 0.960 (=11.979, 12.587)
Thyroid cancer -0.147 3.830 —0.040 0.970 (=7.993, 7.698)
Other cancer —-0.049 3927 -0.010 0.990 (—8.093, 7.996)
Colorectal cancer referent  referent  referent  referent  referent
Source of controls 2.066 1.965 1.050 0303 (~1.974, 6.106) 0.246 94.590 0.040
Matched controls —2282 1.640 —-1.390 0.174 (=5.624, 1.059) 0.189 93410 2.740
Family history 40038 1.866 2.150 0.040 (0.204, 7.804) 0.174 93400 10.750
Sample size —1.069 1.8193 —-0.59 0561 (—4.774, 2.637) 0.200 93410 —-2.600
HWE in controls —0.175 0.2304 -0.76 0454 (—0.645, 0.295) 0.001 71.000 —8.060
GA vs GG
Region-specified population 0219 93.930 —4.290 0800 0538
European -1.233 5.004 —0.250 0.807 (=11.500, 9.033)
North American 2528 5217 0.480 0.632 (—8.176, 13.231)
South American 0.239 5.969 0.040 0.968 (=12.009, 12.487)
Asian -1.256 5629 -0.220 0.825 (—12.807, 10.295)
Oceanian referent  referent  referent  referent  referent
Cancer type 0241 94.510 -15.000 0340 0887
Breast cancer 2.241 3.895 0.580 0.570 (—5.764, 10.247)
Cervical cancer —0.400 4.654 —0.090 0932 (-9.967, 9.167)
Lung cancer 0.167 6.238 0.030 0979 (=12.656, 12.990)
Thyroid cancer -0.176 4087 —0.040 0.966 (—8.576, 8.225)
Other cancer —0.147 4.086 —0.040 0972 (—8.545,8251)
Colorectal cancer referent  referent  referent  referent  referent
Source of controls 2226 2125 1.050 0305 (2160, 6.612) 0267 94.950 0.030
Matched controls —2.547 1.753 -1.450 0.157 (—6.127,1.033) 0.202 93.760 3.530
Family history 4.084 1.944 2.100 0.044 (0.113, 8.055) 0.187 93.750 10.770
Sample size -1.178 1.903 -0.620 0.541 (—5.065, 2.709) 0.215 93.760 —2.580
HWE in controls —0.206 0.250 —0.820 0417 (=0.717,0.305) 0.001 71.820 —9.320
GG + AA vs GA
Region-specified population 0.001 68410 —6.390 0800 0534
European 0.659 0717 0.920 0366 (-0.813, 2.131)
North American 0.595 0.736 0.810 0426 (0915, 2.106)
South American 0.006 0816 0.010 0.994 (—1.668, 1.680)
Asian 0618 0.781 0.790 0435 (—0.984, 2.221)
Oceanian referent  referent  referent  referent  referent
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Table 4 The meta-regression results of the association between the rs1801516 polymorphism and cancer risk (Continued)

Comparisons Coef. Std. Err. ¢ p 95% Cl T Pres (%)  AdjR* (%) F P,
Cancer type 0.001 69.840 —42.350 0570 0.719
Breast cancer 0.167 0407 0410 0.685 (-0.669, 1.003)
Cervical cancer 0.500 0.500 1.000 0327 (-=0.529, 1.529)
Lung cancer —-0.065 0615 -0.110 0917 (=1.329, 1.199)
Thyroid cancer 0458 0428 1.070 0.294 (-0422, 1.338)
Other cancer 0.193 0418 0.460 0.648 (-0.666, 1.052)
Colorectal cancer referent  referent  referent  referent  referent
Source of controls -0.028 0.240 -0.120 0.907 (=0.523, 0467) 0.002 73.660 —-13.140
Matched controls 0.130 0.186 0.700 0491 (—=0.250, 0.509) 0.001 67.720 -21.020
Family history -0.214 0.221 -0.970 0.340 (-0.666, 0.237) 0.001 67.750 -18530
Sample size -0.086 0.184 -0470 0.643 (0463, 0.290) 0.001 67.700 -15.790
HWE in controls 0.055 0.263 0.210 0.836 (-0.484, 0.594) 0.001 68.690 —17.640

Py: P value of the joint test for all variables
Significant 95% Cls and P values were in bold

showed that the pooled ORs and 95% CIs under any
model of inheritance were not substantially altered after
omitting any individual study (Fig. 3), suggesting that
the results of our meta-analysis are credible.

Trial sequential analysis

The results of TSA under four models (five compari-
sons) are shown in Fig. 4, and they were consistent with
the results of the conventional meta-analyses. The blue
lines of cumulative Z-score didn’t cross the trial sequen-
tial monitoring boundaries (red lines sloping inwards),
suggesting there is no significant association between
rs1801516 polymorphism and cancer risk. Moreover,
sample sizes in our overall meta-analyses were all more
than the required information sizes (AA vs GG + GA:
6429; AA+GA vs GG: 20201; AA vs GG: 8219; GA vs
GG: 19885; GG + AA vs GA: 19209), suggesting that the
results of our meta-analyses are reliable.

Discussion

Studies of rs1801516 polymorphism on cancer risk have
been performed for more than ten cancers in previous
studies, and breast cancer and thyroid cancer are the
two most studied ones. So far, three meta-analyses have
been performed on association between rs1801516 poly-
morphism and breast cancer risk [11, 12, 14], and two
meta-analysis have been performed on the association
between rs1801516 polymorphism and thyroid cancer
risk [10, 55]. Moreover, one meta-analysis focused on
this polymorphism and cancer risk despite of cancer
types, but it was stratified by the status of radiation ex-
posure [13]. In our meta-analysis, we assessed the asso-
ciation between rs1801516 polymorphism and overall
cancer risk for the first time. We found that no significant
association existed under any model of inheritance in the

overall analysis. Our result was consistent with the finding
of the previous study on rs1801516 polymorphism and
cancer risk in population without radiation exposure [13].
Therefore, rs1801516 polymorphism may be not associ-
ated with overall cancer risk.

In subgroup analyses by region-specified population,
cancer types, and family history, significant associations
were found for European, South American, Asian, breast
cancer, and those with family history. Firstly, results of
subgroup analysis by region-specified population were
interesting. In European and Asian, reversed results were
observed for AA vs GG + GA and AA vs GG. The homo-
zygote AA showed a protective effect against cancer in
European, but it presented a susceptible effect for cancer
in Asian. Therefore, rs1801516 polymorphism may exert
inversed effect on European and Asian. In South Ameri-
can, the other three models (AA+GA vs GG, GA vs GG,
and GG + AA vs GA) were significant. Susceptible effect
for cancer was observed for AA+GA vs GG and GA vs
GG, and protective effect against cancer was observed
for GG + AA vs GA. We infer that the results in South
American may be attributed to the heterozygote GA,
which may be a risk genotype of cancer in South
American. Populations from different region may be eth-
nically different, and this difference may in turn have an
influence on cancer susceptibility. Studies have revealed
cancer trends differed from ethnicity [56-58], and pa-
tients of different ethnicity presents different cancer
phenotypes [59, 60]. Besides, discrepancy in distribution
of rs1801516 genotype may exist in different popula-
tions. Secondly, subgroup analysis by cancer types in our
study indicated that AA homozygotes have a relative low
risk of breast cancer compared with GG carriers. Three
previous meta-analyses [11, 12, 14] have been performed
on association between rs1801516 polymorphism and
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breast cancer risk, and the result for AA vs GG + GA in
study of Lu PH et al. [14] is significant, indicating that
AA is a low risk genotype. Our results were consistent
with those of Lu et al.. Moreover, 13 studies were in-
cluded in our meta-analysis of breast cancer, which was
much more than that in studies of Mao C et al.(eight
studies included) [11], Gao LB et al. (nine studies in-
cluded) [12], and Lu PH et al. (five studies included)
[14]. Thus, compared with GG genotype, AA genotype

of rs1801516 may be a potential protective factor of
breast cancer. Thirdly, for those with family history, AA
homozygotes presented low susceptibility of cancer in
our meta-analysis. Impact of family history on cancer oc-
currence and clinical features has been found in different
types of cancer, and family history may also exert an in-
fluence on cancer through interaction with gene poly-
morphism [61-63]. In Mao et al’s meta-analysis [11],
subgroup analysis was also performed by family history,
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but their results are not similar to ours. Difference in
sample size between the two meta-analyses of ours and
Mao et al.’s may result in the inconsistence of results.

In this present meta-analysis, heterogeneity was ob-
served in models of AA+GA vs GG, GA vs GG, and GG
+AA vs GA. To find the source of among-studies’ het-
erogeneity, we performed meta-regression analysis by
region-specified population, cancer type, source of con-
trols, matched controls or not, family history, sample
size, and HWE in controls. As a result, family history

was a source of heterogeneity for AA+GA vs GG and
GA vs GG models. However, for GG + AA vs GA, none
of the analyzed factors was detected as a source of het-
erogeneity. Lifestyle may be the source of heterogeneity.
Lifestyle of the subjects, including smoking and alcohol
consumption, influences on their susceptibility to cancer
[64—66]. However, the 37 studies included in our
meta-analysis do not provide adequate information on
lifestyle. Moreover, genotyping methods of the included
studies are various: more than ten methods used in all
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the included studies, and multiple methods were used in
several individual studies. Diversity of genotyping
methods may also be a reason of heterogeneity, but be-
cause of diverse methods, we do not put genotyping
methods into the analysis of meta-regression. In
addition, matching criteria of the included studies with

controls matched to cases are different, giving rise to the
heterogeneity possibly.

Meta-analysis may report false positive results for the
risk of type I error, and such results are commonly at-
tributed to publication bias, heterogeneity among stud-
ies, and low quality of the studies. However, a limited
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number of trials may not give enough information size,
thereby leading to a false estimation [67]. In order to
comprehensively evaluate the impact of ATM rs1801516
polymorphism on cancer risk, we performed TSA to re-
duce the risk of type I error and to estimate whether fur-
ther studies are required by calculating the required
information size. Sample size in our meta-analysis was
more than the required information size, indicating that
the results of our meta-analyses are reliable and suffi-
cient to draw a conclusion.

We must admit that there are some limitations in our
meta-analysis. Firstly, because of the difference in data
presentation of age between studies (mean age, median
age, and age group), we didn’t assess the risk stratified
by age. Secondly, environmental factors and life style in-
formation were not available for all studies, thus effects
of these variables were not taken into consideration.
Thirdly, year of data collection may also have an effect
on heterogeneity, but not all studies in our meta-analysis
provide this information, thus year of data collection
was not analyzed in our meta-analysis. Fourthly, 12 types
of cancer were included in our meta-analysis. However,
only one or two studies were performed on the cancers
except breast cancer, thyroid cancer, and cervical cancer,
and this may potentially make the result biased.

Conclusions

In summary, ATM rs1801516 polymorphism is not asso-
ciated with overall cancer risk in total population. How-
ever, for subgroup analyses, rs1801516 polymorphism is
especially associated with breast cancer risk; in addition,
this polymorphism is associated with overall cancer risk
in Europeans, South Americans, Asians, and those with
family history. Owing to the limitations mentioned
above, our results should be interpreted with caution.
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