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Abstract: Objectives: To date, a number of epidemiological studies have explored the association between CTLA-4 
+49 A/G polymorphism and cancer risk with elusive results. To address this gap, we carried out a comprehensive 
meta-analysis. Design and methods: Two reviewers independently searched the PubMed, EMBASE, CBM (Chinese 
BioMedical Disc) and China National Knowledge Infrastructure (CNKI) Databases for relevant studies up to Decem-
ber 20, 2014. Odds ratios (ORs) with 95% confidence intervals (CIs) for CTLA-4 +49 A/G polymorphism and cancer 
risk were used to evaluate the strength of association. Results: A total of 52 case-control studies were ultimately 
recruited. Our results showed the statistical evidence of an association between the CTLA-4 +49 A/G polymorphism 
and decreased risk of overall cancer in all the comparison models. In stratified analyses by cancer type, ethnicity 
and the origin of cancer, significant decreases in cancer risk were observed in breast cancer, lung cancer, other can-
cers epithelial tumor and Asians. In addition, in a stratified analysis by the system of cancer, significant decreases in 
cancer risk were found for reproductive and breast cancer, respiratory system cancer, and malignant bone tumor in 
all the genetic models, and other system cancer in two genetic models: GG+AG vs. AA and GG vs. AA. Conclusions: 
This meta-analysis suggests that the CTLA-4 +49 A/G polymorphism may be a protective factor for cancer.
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Introduction

Cancer is one of the most common types of 
human disease which results from interactions 
between multiple genetic and environmental 
factors [1-4]. It is estimated that more than 
fourteen million cancer cases and eight million 
cancer deaths occurred in 2012 worldwide [5]. 
The etiology of cancer is very complicated and 
not fully known as yet. Of late, a considerable 
number of studies have focused on a vital role 
of human immune system in cancer develop-
ment and progression. T lymphocytes and natu-
ral killer (NK) cells play an important role in 
antitumor immunity and are regulated by some 
costimulatory and coinhibitory molecules [6]. 
Thus, the mutations of cellular immune func-
tion genes that regulate the activation and pro-

liferation of T lymphocytes and NK cells may 
alter cancer susceptibility [7, 8]. Cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA-4), 
also named CD152, is a member of the immu-
noglobulin superfamily and mainly expressed 
on activated T cells. Through engagement of 
the T-cell antigen receptor, CD28 plays a key 
role in increasing and maintaining the T-cell 
response, whereas the CTLA-4-ligand acts as a 
negative regulator of T-cell activation [9]. Mice 
deficient in CTLA-4 gene have been shown  
to develop lymphoproliferative disorders and 
severe autoimmune diseases [10, 11]. In addi-
tion, application of CTLA-4 blockade in the 
tumor-transplanted mice leads to enhancement 
of the immune response in vivo, resulting in 
rejection of tumors and long-lasting antitumor 
immunity [12]. The CTLA-4 gene locates on 
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chromosome 2q33 in humans and consists of 
four exons which encode several domains of 
CTLA-4 protein. The CTLA-4 single nucleotide 
polymorphisms (SNPs) are considered to influ-
ence the expression of the protein and/or the 
functional activity of CTLA-4 [13]. There are 
more than 100 SNPs in CTLA-4 gene which 
have been identified in the previous investiga-
tions, such as +49 A/G, -318 C/T, CT60, -1611 
G/A, -1722 T/C, 10223 G/T (Jo31) polymor-
phisms, etc [14]. Variations of CTLA-4 gene 
have been implicated in the etiology of breast 
cancer [15], cervical cancer [16], and so on. 
Among CTLA-4 SNPs, CTLA-4 +49 A/G polymor-
phism was the most widely investigated for sus-
ceptibility of cancer. In the past decade, a num-
ber of investigations were performed to 
evaluate the association between CTLA-4 +49 
A/G polymorphism and cancer risk. A meta-
analysis conducted by Zhang et al. suggested 
that CTLA-4 +49 A/G polymorphism might be 

4’, ‘CTLA4’, or ‘cytotoxic T-lymphocyte anti-
gen-4’; ‘polymorphism’, ‘mutation’, ‘variant’, or 
‘SNP’; ‘cancer’, ‘carcinoma’, ‘tumor’, or ‘malig-
nance’. References of retrieved articles, com-
ments, letters and reviews were manually 
searched for supplemental studies. The lan-
guage of publication was restricted to English 
or Chinese. The major inclusion criteria were (a) 
evaluated the CTLA-4 +49 A/G polymorphism 
and cancer risk, (b) designed as a case-control 
study or cohort studies, (c) sufficient data for 
evaluation of the frequencies of various geno-
types in case groups and control groups, (d) 
provided the genotyping method and ethnicity 
and (e) genotype distributions of controls con-
sistent with Hardy-Weinberg equilibrium (HWE). 
The major reasons for exclusion of studies were 
(a) overlapping data, (b) case report, not 
designed as case-control studies or cohort 
studies and (c) review publication, comment 
and letter.

Figure 1. Flow diagram of articles selection process for CTLA-4 +49 A/G 
(rs231775) polymorphism and cancer risk meta-analysis.

relevant to the risk of cancer, 
whereas in that analysis, only 22 
case-control studies were recruit-
ed [16]. However, up to now, 52 
investigations have been carried 
out regarding the association of 
CTLA-4 +49 A/G polymorphism 
with cancer risk and these stud-
ies reported inconsistent results 
rather than conclusive. Thus, we 
conducted a comprehensive 
meta-analysis to assess whether 
this polymorphism was associat-
ed with cancer risk. 

Materials and methods

This meta-analysis is reported 
according to the Preferred Re- 
porting Items for Meta-analyses 
(PRISMA) guideline (Table S1. 
PRISMA checklist) [17].

Search Strategy, inclusion crite-
ria and exclusion criteria

A systematic literature searching 
was performed on PubMed, 
EMBASE, CBM (Chinese Bio- 
Medical Disc) as well as CNKI 
(Chinese National Knowledge 
Infrastructure) on December 20, 
2014. The search strategy was 
based on combinations of ‘CTLA-
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Table 1. Characteristics of populations and cancer types of the individual studies included in the meta-
analysis

Study Year Country Ethnicity Cancer type No. of case/
control Genotype Method

Queirolo et al. 2013 Italy Caucasians Melanoma 14/45 PCR-RFLP

Gokhale et al. 2013 India Asians Cervical cancer 100/101 PCR-RFLP

Song et al. 2013 China Asians Lung cancer 158/72 PCR-RFLP

Bharti et al. 2013 India Asians Oral cancer 130/180 PCR-RFLP

Fan et al. 2012 China Asians Colorectal cancer 291/352 PCR-RFLP

Yang et al. 2012 China Asians Pancreatic cancer 368/926 PCR-RFLP

Yang et al. 2012 China Asians Ewing’s Sarcoma 223/302 PCR-RFLP

Qi et al. 2012 China Asians Gastric cancer 118/96 PCR-RFLP

Erfani et al. 2012 Iran Caucasians Head and neck cancer 80/85 PCR-RFLP

Li et al. 2012 China Asians Breast cancer 581/566 PCR-RFLP

Karabon et al. 2012 Poland Caucasians Myeloma 200/380 PCR-RFLP, TaqMan

Karabon et al. 2011 Poland Caucasians Lung cancer 208/326 PCR-RFLP, TaqMan

Jiang et al. 2011 China Asians Cervical cancer 100/100 MALDI-TOF-MS

Cai et al. 2011 China Caucasians Esophageal cancer 125/250 PCR-RFLP

Li et al. 2011 China Asians Cervical cancer 314/320 PCR-RFLP

Wang et al. 2011 China Asians Osteosarcoma 205/216 PCR-RFLP, DNA sequencing

Wu et al. 2011 China Asians Glioma 670/680 PCR-LDR; DNA sequencing

Rahimifar et al. 2010 Iran Caucasians Cervical cancer 55/110 PCR-RFLP, PCR-ARMS

Kammerer et al. 2010 German Caucasians Oral cancer 83/40 RT-PCR

Bouwhuis et al. 2010 German Caucasians Melanoma 763/734 DNA sequencing

Khaghanzadeh et al. 2010 Iran Caucasians Lung cancer 127/124 PCR-RFLP, PCR-ARMS

Gogas et al. 2010 Greece Caucasians Melanoma 286/288 DNA sequencing

Pawlak et al. 2010 Poland Caucasians Cervical cancer 147/225 PCR-RFLP

Gu et al. 2010 China Asians Hepatocellular carcinoma 375/419 PCR-LDR

Hu et al. 2010 China Asians Cervical, hepatocellular cancer 1549/1563 TaqMan

Qi et al. 2010 China Asians Colorectal cancer 124/407 PCR-LDR

Xiao et al. 2010 China Asians Nasopharyngeal carcinoma 457/485 PCR-RFLP

Dehaghani et al. 2009 Iran Caucasians Gestational trophoblastic neoplasms 92/295 PCR-RFLP, PCR-SSCP

Castro et al. 2009 Sweden Caucasians Cervical cancer 973/1763 Multiplex PCR with hybridization

Shi et al. 2009 China Asians Pancreatic cancer 138/278 PCR-RFLP

Suwalska et al. 2008 Poland Caucasians Leukemia 178/336 SNaPshot

Mahajan et al. 2008 Poland Caucasians Gastric cancer 301/411 TaqMan

Sun et al. 2008 China Asians Lung, breast, esophageal, gastric cancer 5832/5831 PCR-RFLP, Sequenom

Cozar et al. 2007 Spain Caucasians Colorectal, renal cell cancer 223/196 TaqMan

Hadinia et al. 2007 Iran Caucasians Colorectal, gastric cancer 155/190 RFLP, PCR-ARMS

Wang et al. 2007 China Asians Breast cancer 117/148 PCR-RFLP

Nearman et al. 2007 USA Caucasians Leukemia 26/96 RT-PCR

Su et al. 2007 China Asians Cervical cancer 144/378 PCR-RFLP

Cheng et al. 2006 China Asians Lymphoma  62/250 PCR-RFLP

Wong et al. 2006 China Asians Oral cancer 118/147 PCR-RFLP

Piras et al. 2005 Italy Caucasians Lymphoma 100/128 PCR-RFLP

Solerio et al. 2005 Italy Caucasians Colorectal cancer 132/238 PCR-RFLP

Ghaderi et al. 2004 Iran Caucasians Breast cancer 197/151 PCR-SSCP

Monne et al. 2004 Italy Caucasians Lymphoma 44/76 PCR-RFLP
MALDI-TOF-MS, matrix-assisted laser desorption/ionization time of flight mass spectrometry; PCR-RFLP, polymerase chain reaction-restriction fragment length polymor-
phism; MLPA, multiplex ligation dependent probe amplification; PCR-LDR, polymerase chain reaction-ligase detection reaction; PCR-ARMS, amplification refractory muta-
tion system-polymerase chain reaction; PCR-SSCP, polymerase chain reaction-single-strand conformation polymorphism.

Data extraction

Two reviewers (L. Wang and Z. Jiang) extracted 
information from all the eligible articles inde-

pendently with a standard form and reached a 
consensus on all items. In case of conflicting 
evaluations, the disagreements were settled by 
further discussion among all authors. The  
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Table 2. Distribution of CTLA-4 +49 A/G polymorphisms genotype and allele among multiple cancer 
patients and controls

Case Control Case Control
HWE Quality 

scoresAA AG GG AA AG GG A G A G
Queirolo et al. 6 8 0 26 16 3 20 8 68 22 Yes 7.5
Bharti et al. 67 63 0 75 80 25 197 63 230 130 Yes 7.0
Gokhale et al. 32 46 26 27 87 48 110 98 141 183 Yes 7.0
Song et al. 22 66 70 7 31 34 110 206 45 99 Yes 6.5
Qi et al. 8 45 65 21 45 30 61 175 87 105 Yes 7.5
Yang et al. 32 114 77 26 149 127 178 268 201 403 Yes 7.0
Yang et al. 50 178 140 70 374 482 278 458 514 1338 Yes 7.5
Li et al. 49 281 246 54 243 256 379 773 351 755 Yes 7.0
Karabon et al. 48 103 48 124 169 75 199 199 417 319 Yes 7.0
Erfani et al. 41 35 4 50 29 6 117 43 129 41 Yes 5.5
Fan et al. 123 146 22 170 138 44 392 190 478 226 Yes 6.5
Li et al. 30 144 140 18 129 173 204 424 165 475 Yes 6.0
Karabon et al. 68 106 34 107 145 72 242 174 359 289 Yes 6.0
Jiang et al. 13 42 45 19 49 42 68 132 87 133 Yes 7.5
Wang et al. 35 106 64 21 108 87 176 234 150 282 Yes 6.5
Wu et al. 97 259 297 70 295 300 453 853 435 895 Yes 8.5
Cai et al. 27 68 30 47 133 70 122 128 227 273 Yes 8.5
Gogas et al. 132 128 26 152 111 25 392 180 415 161 Yes 7.0
Rahimifar et al. 28 27 0 58 45 7 83 27 161 59 Yes 3.5
Hu et al. 106 380 367 79 376 399 592 1114 534 1174 Yes 9.5
Hu et al. 80 290 326 56 300 353 450 942 412 1006 Yes 9.5
Kammerer et al. 35 32 16 11 23 6 102 64 45 35 Yes 5.5
Khaghanzadeh et al. 66 44 13 68 47 7 176 70 183 61 Yes 5.0
Xiao et al. 57 195 205 38 201 246 309 605 277 693 Yes 7.5
Pawlak et al. 43 72 26 71 103 43 158 124 245 189 Yes 6.5
Qi et al. 4 60 60 45 179 183 68 180 269 545 Yes 7.5
Gu et al. 51 166 150 45 179 183 268 466 269 545 Yes 7.5
Bouwhuis et al. 289 369 104 283 345 106 947 577 911 557 Yes 7.5
Dehaghani et al. 42 34 7 45 37 2 118 48 127 41 Yes 3.5
Castro et al. 252 449 252 456 825 434 953 953 1737 1693 Yes 10
Shi et al. 26 71 41 43 113 122 123 153 199 357 Yes 6.0
Mahajan et al. 89 153 59 152 189 70 331 271 493 329 Yes 7.5
Sun et al. 101 485 474 65 446 559 687 1433 576 1564 Yes 7.0
Sun et al. 100 455 482 73 451 546 655 1419 597 1543 Yes 7.0
Sun et al. 128 434 448 73 406 529 690 1330 552 1464 Yes 7.0
Sun et al. 60 235 235 39 209 282 355 705 287 773 Yes 7.0
Sun et al. 135 519 509 81 488 563 789 1537 650 1614 Yes 7.0
Sun et al. 125 439 468 90 438 493 689 1375 618 1424 Yes 7.0
Suwalska et al. 56 84 30 71 106 47 196 144 248 200 Yes 4.0
Hadinia et al. 52 47 6 117 59 14 151 59 293 87 Yes 6.5
Hadinia et al. 24 13 6 117 59 14 61 25 293 87 Yes 6.5
Wang et al. 48 59 10 55 70 23 155 79 180 116 Yes 7.0
Cozar et al. 46 44 6 78 77 21 136 56 233 119 Yes 7.0
Cozar et al. 73 43 9 78 77 21 189 61 233 119 Yes 7.0
Su et al. 17 62 60 42 155 178 96 182 239 511 Yes 6.5
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following information from each included study 
was extracted: first author, year of publication, 
country, cancer type, ethnicity, sample size, 
genotyping method, allele and genotype 
frequency.

Methodological quality assessment

The quality of investigations included in the cur-
rent study was carefully assessed by two 
reviewers (L. Wang and Z. Jiang) according to 
the “methodological quality assessment scale” 
(Table S2. Scale for methodological quality 
assessment.) [18, 19]. Six items, comprising 
representativeness of cases, source of con-
trols, sample size, ascertainment of relevant 
cancer, quality control of genotyping, and HWE, 
were assessed. Scores range from 0 to 10 and 
a high score suggests good quality of this meta-
analysis. In case of disagreements between 
the two reviewers, a final consensus shall be 
reached following elaborate discussion. If the 
quality scores ≥ 6, studies were categorized as 
“high quality”, and others were defined as “low 
quality”.

Statistical analysis

The ORs of CTLA-4 +49 A/G polymorphism and 
cancer risk were calculated for each study. The 
pooled ORs were determined in six genetic 
comparison models. The I-squared value was 
an index of between-study heterogeneity, with 
I2 less than 25% indicating low, 25% ≤ I2 ≤ 50% 
indicating moderate, and I2 > 50% indicating 
high heterogeneity. A chi-squared-based Q sta-
tistic test was also conducted to measure het-
erogeneity. If I2 > 50% or P < 0.10, ORs were 
pooled according to the random-effect model 
(DerSimonian and Laird) [20]; otherwise, the 
fixed-effect model (Mantel-Haenszel) was 
applied [21]. Stratified analyses were carried 
out based on ethnicity, cancer type, origin and 
system to evaluate ethnicity-specific, cancer 

type-specific (we combined the cancer type 
which was investigated by less than three indi-
vidual studies into the group of “other can-
cers”), origin-specific and system-specific 
effects (if one system cancer was investigated 
by less than two individual studies, it was 
included into “other system cancers”). The 
HWE was evaluated by an internet-based HWE 
calculator in controls (http://ihg.gsf.de/cgi-bin/
hw/hwa1.pl). Sensitivity analysis was per-
formed to assess the stability of our results. 
The funnel plot and Egger’s test were conduct-
ed to detect latent publication bias and a P < 
0.1 was considered significant. Publication bias 
was also measured by visual inspection of fun-
nel plots. Statistical analysis was performed 
using STATA (v12.0) software (Stata Corporation, 
Texas, USA).

Results

Characteristics of studies

The combined search yielded 345 papers fol-
lowing an initial search. After we abstract-
screened and full-text assessed these papers, 
a total of 285 papers were excluded (85 for title 
duplication, nine for not being case-control 
study design, 47 for cancer treatment, 95 for 
irrelevance to CTLA-4 +49 A/G polymorphism 
and cancer risk, 48 reviews, comments or let-
ters, and one for overlapping data), thereby 60 
remaining papers met the inclusion criteria. 
Another two articles were then included via a 
detailed manual search of the reference lists 
from all retrieved articles (Figure 1). Afterwards, 
online HWE test was performed on genotype 
distribution of the controls in each recruited 
study, and the results showed that the distribu-
tion in the control group from 10 studies devi-
ated from HWE (P < 0.05). Since more than one 
study group was included in some publications 
[15, 22-24], we treated them separately. 
Therefore, in total, 52 studies in 44 publica-

Nearman et al. 14 8 4 26 51 19 36 16 103 89 Yes 2.0
Cheng et al. 2 26 34 29 102 119 30 94 160 340 Yes 7.5
Wong et al. 12 58 48 25 64 58 82 154 114 180 Yes 6.5
Piras et al. 74 23 3 74 43 11 171 29 191 65 Yes 5.0
Solerio et al. 76 43 13 128 91 19 195 69 347 129 Yes 6.5
Ghaderi et al. 84 104 9 60 72 19 272 122 192 110 Yes 5.0
Monne et al. 36 7 1 38 32 6 79 9 108 44 Yes 5.0
HWE: Hardy-Weinberg equilibrium.
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Table 3. Summary of results of the meta-analysis from different comparative genetic models in overall and the subgroup analysis

No. (cases/
controls)

G vs. A GG vs. AA GG+AG vs. AA GG vs. AG+AA

OR (95% CI) P P (Q-
test) OR (95% CI) P P (Q-

test) OR (95% CI) P P (Q-
test) OR (95% CI) P P (Q-

test)
Total 16,594/20,283 0.89 (0.84-0.95) 0.000 0.000 0.76 (0.67-0.88) 0.000 0.000 0.85 (0.76-0.95) 0.004 0.000 0.85 (0.78-0.91) 0.000 0.000

Ethnicity

    Asians 12,143/13,845 0.85 (0.79-0.91) 0.000 0.000 0.68 (0.58-0.80) 0.000 0.000 0.76 (0.66-0.88) 0.000 0.000 0.82 (0.75-0.89) 0.000 0.000

    Caucasians 4,451/6,438 0.96 (0.87-1.06) 0.455 0.001 0.93 (0.77-1.12) 0.446 0.024 0.98 (0.85-1.12) 0.753 0.000 0.96 (0.86-1.06) 0.423 0.108

Cancer type

    Breast cancer 2,987/2,992 0.83 (0.77-0.89) 0.000 0.445 0.63 (0.46-0.86) 0.004 0.068 0.78 (0.66-0.92) 0.003 0.140 0.78 (0.70-0.87) 0.000 0.139

    Cervical cancer 2,502/3,718 0.90 (0.80-1.02) 0.108 0.055 0.78 (0.58-1.05) 0.103 0.029 0.84 (0.67-1.07) 0.155 0.045 0.92 (0.82-1.03) 0.148 0.190

    Colorectal cancer 748/1,363 1.06 (0.92-1.22) 0.389 0.254 1.01 (0.56-1.82) 0.971 0.047 1.24 (0.88-1.76) 0.225 0.035 0.87 (0.66-1.13) 0.300 0.160

    Gastric cancer 992/1,227 1.28 (0.80-2.05) 0.307 0.000 1.62 (0.66-4.02) 0.295 0.000 1.33 (0.72-2.46) 0.362 0.001 1.37 (0.73-2.56) 0.331 0.000

    Lung cancer 2,684/2,671 0.84 (0.78-0.92) 0.000 0.340 0.66 (0.54-0.79) 0.000 0.169 0.74 (0.63-0.88) 0.000 0.103 0.84 (0.75-0.93) 0.002 0.308

    Lymphoma 206/454 0.61 (0.24-1.57) 0.307 0.000 0.62 (0.08-4.60) 0.642 0.010 0.64 (0.19-2.24) 0.491 0.004 0.63 (0.20-2.00) 0.430 0.070

    Melanoma 1,062/1,067 1.04 (0.92-1.18) 0.504 0.486 1.00 (0.76-1.32) 0.983 0.767 1.11 (0.93-1.32) 0.233 0.349 0.95 (0.73-1.23) 0.706 0.814

    Oral cancer 331/367 0.82 (0.50-1.32) 0.411 0.015 0.50 (0.07-3.36) 0.474 0.002 0.85 (0.43-1.68) 0.640 0.042 0.61 (0.15-2.56) 0.500 0.008

    Other cancers 5,082/6,424 0.82 (0.74-0.91) 0.000 0.001 0.64 (0.53-0.78) 0.000 0.006 0.73 (0.61-0.87) 0.001 0.001 0.78 (0.70-0.88) 0.000 0.030

The origin of cancer cells

    Epithelial tumor 13,850/16,891 0.89 (0.83-0.95) 0.000 0.000 0.76 (0.65-0.89) 0.000 0.000 0.86 (0.77-0.97) 0.012 0.000 0.83 (0.76-0.91) 0.000 0.000

    Non-epithelial tumor 2,744/3,392 0.88 (0.74-1.04) 0.143 0.000 0.78 (0.57-1.07) 0.130 0.003 0.80 (0.59-1.07) 0.131 0.000 0.92 (0.81-1.04) 0.181 0.291

System of cancer

    Digestive system cancer 4,932/6,680 0.93 (0.81-1.07) 0.300 0.000 0.86 (0.64-1.16) 0.329 0.000 0.95 (0.76-1.18) 0.640 0.000 0.86 (0.72-1.02) 0.089 0.000

    Respiratory system cancer 3,141/3,156 0.83 (0.77-0.90) 0.000 0.415 0.64 (0.54-0.76) 0.000 0.231 0.72 (0.62-0.84) 0.000 0.127 0.83 (0.75-0.92) 0.000 0.422

    Reproductive and breast cancer 5,572/6,794 0.88 (0.81-0.95) 0.002 0.030 0.73 (0.58-0.92) 0.007 0.002 0.84 (0.72-0.98) 0.026 0.032 0.84 (0.74-0.95) 0.007 0.025

    Hematopoietic malignancy 601/1142 0.77 (0.50-1.16) 0.213 0.000 0.81 (0.39-1.67) 0.563 0.006 0.73 (0.38-1.40) 0.339 0.000 0.99 (0.77-1.29) 0.957 0.202

    Malignant bone tumor 428/518 0.73 (0.61-0.88) 0.001 0.755 0.47 (0.30-0.72) 0.001 0.803 0.54 (0.36-0.81) 0.003 0.859 0.70 (0.54-0.92) 0.010 0.780

    Skin cancer 1,062/1,067 1.04 (0.92-1.18) 0.504 0.486 1.00 (0.76-1.32) 0.983 0.767 1.11 (0.93-1.32) 0.233 0.349 0.95 (0.73-1.23) 0.706 0.814

    Other system cancer 858/926 0.88 (0.76-1.01) 0.078 0.101 0.67 (0.49-0.92) 0.013 0.609 0.72 (0.56-0.92) 0.008 0.072 0.97 (0.79-1.19) 0.745 0.364

Publication year

    ≤ 2006 653/990 0.81 (0.56-1.16) 0.250 0.000 0.79 (0.35-1.80) 0.575 0.004 0.82 (0.48-1.40) 0.469 0.001 0.78 (0.46-1.31) 0.343 0.032

    2007-2011 13,680/16,152 0.88 (0.83-0.94) 0.000 0.000 0.74 (0.65-0.85) 0.000 0.000 0.83 (0.74-0.93) 0.001 0.000 0.84 (0.79-0.90) 0.000 0.034

    ≥ 2012 2,261/3,141 0.94 (0.75-1.17) 0.565 0.000 0.78 (0.48-1.27) 0.316 0.000 0.98 (0.70-1.37) 0.892 0.000 0.84 (0.62-1.14) 0.259 0.000

Sample sizes

    ≤ 1000 5,901/8,296 0.93 (0.84-1.02) 0.108 0.000 0.84 (0.68-1.03) 0.094 0.000 0.93 (0.80-1.07) 0.320 0.000 0.87 (0.76-0.99) 0.033 0.000

    > 1000 10693/11987 0.84 (0.78-0.90) 0.000 0.000 0.67 (0.57-0.79) 0.000 0.000 0.72 (0.62-0.83) 0.000 0.000 0.83 (0.76-0.90) 0.000 0.005

Country

    China 12,034/13,753 0.86 (0.80-0.92) 0.000 0.000 0.70 (0.60-0.82) 0.000 0.000 0.78 (0.68-0.90) 0.001 0.000 0.82 (0.76-0.89) 0.000 0.001

    German 845/774 0.98 (0.85-1.13) 0.804 0.460 0.95 (0.70-1.29) 0.751 0.823 0.98 (0.80-1.20) 0.869 0.115 0.96 (0.73-1.28) 0.796 0.498

    India 234/342 0.62 (0.49-0.80) 0.000 0.448 0.13 (0.00-3.82) 0.235 0.018 0.58 (0.40-0.83) 0.003 0.290 0.17 (0.00-9.22) 0.382 0.005

    Iran 686/932 1.07 (0.91-1.26) 0.381 0.317 1.05 (0.52-2.12) 0.900 0.028 1.17 (0.95-1.43) 0.142 0.694 0.97 (0.47-2.01) 0.944 0.015
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    Italy 290/487 0.64 (0.36-1.13) 0.124 0.008 0.64 (0.35-1.16) 0.141 0.153 0.61 (0.31-1.19) 0.147 0.011 0.74 (0.41-1.32) 0.306 0.217

    Poland 1,019/1,544 1.08 (0.97-1.21) 0.170 0.113 1.12 (0.89-1.41) 0.326 0.110 1.22 (1.03-1.45) 0.023 0.283 0.97 (0.80-1.19) 0.796 0.258

    Spain 221/352 0.71 (0.55-0.92) 0.010 0.365 0.47 (0.25-0.89) 0.020 0.932 0.69 (0.49-0.97) 0.031 0.224 0.54 (0.29-0.99) 0.047 0.812

    Other countries 1,265/2,099 0.99 (0.77-1.29) 0.963 0.064 1.04 (0.85-1.27) 0.730 0.280 0.92 (0.59-1.44) 0.714 0.013 1.05 (0.89-1.25) 0.562 0.835

Quality score

    < 6.0 961/1,116 0.81 (0.64-1.02) 0.071 0.008 0.66 (0.40-1.12) 0.123 0.051 0.76(0.56-1.03) 0.076 0.006 0.77 (0.47-1.25) 0.290 0.054

    ≥ 6.0 15,633/19,167 0.90 (0.84-0.96) 0.002 0.000 0.77 (0.67-0.89) 0.000 0.000 0.87 (0.77-0.98) 0.020 0.000 0.85(0.79-0.92) 0.000 0.000
F indicates fixed model; R indicates random model.
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tions were finally identified with 16,594 cases 
and 20,283 controls [8, 15, 16, 22-62]. The 
detailed characteristics of the selected studies 
are presented in Table 1. Among the 52 case-
control studies, eight investigated cervical can-
cer [16, 22, 26, 29, 35, 50, 53, 54], five inves-
tigated breast cancer [15, 27, 36, 61], five 
investigated lung cancer [15, 39, 45, 49], five 
investigated colorectal cancer [23, 24, 33, 41, 
59], four investigated gastric cancer [15, 24, 
40, 62], three investigated melanoma [43, 48, 
52], three investigated oral cancer [25, 38, 51] 
and three investigated lymphoma [37, 58, 60]. 
The other studies investigated esophageal can-
cer [15, 47], renal cell carcinoma [23], pancre-
atic cancer [8, 42], osteosarcoma [30], naso-
pharyngeal carcinoma [34], myeloma [46], 
leukemia [56, 57], head and neck cancer [44], 
glioma [31], gestational trophoblastic neo-
plasms [55], hepatocellular carcinoma [22, 32] 
and Ewing’s Sarcoma [28]. When come to sub-
jects in these studies, 28 were Asian [8, 15, 16, 
22, 25-42] and 24 were Caucasian [23, 24, 
43-62]. The genotype numbers of CTLA-4 +49 
A/G polymorphism are showed in Table 2. 
Results of the meta-analysis are listed in Table 
3.

Quantitative synthesis

A total of 16,594 cancer cases and 20,283 
controls from 52 original case-control studies in 
44 publications were included for the present 
meta-analysis concerning the association 
between the CTLA-4 +49 A/G polymorphism 
and cancer risk [8, 15, 16, 22-62]. Divided by 
ethnicity, 28 case-control studies focused on 
Asian subjects [8, 15, 16, 22, 25-42], and 24 
case-control studies focused on Caucasian 
subjects [23, 24, 43-62]. After combining all eli-
gible studies, there was statistical evidence of 
an association between the CTLA-4 +49 A/G 
polymorphism and decreased overall cancer 
risk in four genetic models: GG+AG vs. AA (OR, 
0.85; 95% CI, 0.76-0.95; P = 0.004), GG vs. 
AG+AA (OR, 0.85; 95% CI, 0.78-0.91; P = 
0.000), GG vs. AA (OR, 0.76; 95% CI, 0.67-0.88; 
P = 0.000) and G vs. A (OR, 0.89; 95% CI, 0.84-
0.95; P = 0.000) (Table 3; Figures 2, 3). In a 
stratified analysis by cancer type, there was an 
decreased risk of breast cancer in four genetic 
models: GG+AG vs. AA (OR, 0.78; 95% CI, 0.66-
0.92; P = 0.003), GG vs. AG+AA (OR, 0.78; 95% 
CI, 0.70-0.87; P = 0.000), GG vs. AA (OR, 0.63; 
95% CI, 0.46-0.86; P = 0.004) and G vs. A (OR, 
0.83; 95% CI, 0.77-0.89; P = 0.000), of lung 

cancer in four genetic models: GG+AG vs. AA 
(OR, 0.74; 95% CI, 0.63-0.88; P = 0.000), GG 
vs. AG+AA (OR, 0.84; 95% CI, 0.75-0.93; P = 
0.002), GG vs. AA (OR, 0.66; 95% CI, 0.54-0.79; 
P = 0.000) and G vs. A (OR, 0.84; 95% CI, 0.78-
0.92; P = 0.000), and of other cancers in four 
genetic model: GG+AG vs. AA (OR, 0.73; 95% 
CI, 0.61-0.87; P = 0.001), GG vs. AG+AA (OR, 
0.78; 95% CI, 0.70-0.88; P = 0.000), GG vs. AA 
(OR, 0.64; 95% CI, 0.53-0.78; P = 0.000), and 
G vs. A (OR, 0.82; 95% CI, 0.74-0.91; P = 0.000) 
(Table 3). In a stratified analysis by ethnicity, 
significant decreases in cancer risk were 
observed for Asians, but not Caucasians, for 
four genetic models: GG+AG vs. AA (OR, 0.76; 
95% CI, 0.66-0.88; P = 0.000), GG vs. AG+AA 
(OR, 0.82; 95% CI, 0.75-0.89; P = 0.000), GG 
vs. AA (OR, 0.68; 95% CI, 0.58-0.80; P = 0.000) 
and G vs. A (OR, 0.85; 95% CI, 0.79-0.91; P = 
0.000) (Table 3; Figures 2, 3). A significant 
decrease in cancer risk was identified in epithe-
lial in four genetic models: GG+AG vs. AA (OR, 
0.86; 95% CI, 0.77-0.97; P = 0.012), GG vs. 
AG+AA (OR, 0.83; 95% CI, 0.76-0.91; P = 
0.000), GG vs. AA (OR, 0.76; 95% CI, 0.65-0.89; 
P = 0.000) and G vs. A (OR, 0.89; 95% CI, 0.83-
0.95; P = 0.000). In a stratified analysis by the 
system of cancer, a decreased risk of respira-
tory system cancer was noticed in four genetic 
models: GG+AG vs. AA (OR, 0.72; 95% CI, 0.62-
0.84; P = 0.000), GG vs. AG+AA (OR, 0.83; 95% 
CI, 0.75-0.92; P = 0.000), GG vs. AA (OR, 0.64; 
95% CI, 0.54-0.76; P = 0.000) and G vs. A (OR, 
0.83; 95% CI, 0.77-0.90; P = 0.000), of repro-
ductive and breast cancer in four genetic mod-
els: GG+AG vs. AA (OR, 0.84; 95% CI, 0.72-
0.98; P = 0.026), GG vs. AG+AA (OR, 0.84; 95% 
CI, 0.74-0.95; P = 0.007), GG vs. AA (OR, 0.73; 
95% CI, 0.58-0.92; P = 0.007) and G vs. A (OR, 
0.88; 95% CI, 0.81-0.95; P = 0.002), of malig-
nant bone tumor in four genetic models: GG+AG 
vs. AA (OR, 0.54; 95% CI, 0.36-0.81; P = 0.003), 
GG vs. AG+AA (OR, 0.70; 95% CI, 0.54-0.92; P 
= 0.010), GG vs. AA (OR, 0.47; 95% CI, 0.30-
0.72; P = 0.001) and G vs. A (OR, 0.73; 95% CI, 
0.61-0.88; P = 0.001), and of other cancers in 
two genetic model: GG+AG vs. AA (OR, 0.72; 
95% CI, 0.56-0.92; P = 0.008) and GG vs. AA 
(OR, 0.67; 95% CI, 0.49-0.92; P = 0.013) (Table 
3), but not digestive system cancer, hematopoi-
etic malignancy and skin cancer. After the 
Bonferroni correction, our results showed sta-
tistical evidence of an association between the 
CTLA-4 +49 A/G polymorphism and decreased 
risk of overall cancer in all the genetic compari-
son models (P < 0.05).
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Tests for publication bias, sensitivity analysis, 
and heterogeneity

In this meta-analysis, the shape of funnel plot 
did not show the evidence of asymmetry in all 
the genetic models. In addition, the results of 

Egger’s test indicated that there were no publi-
cation bias (GG+AG vs. AA: Begg’s test P = 
0.407, Egger’s test P = 0.842; GG vs. AG+AA: 
Begg’s test P = 0.734, Egger’s test P = 0.939; 
GG vs. AA: Begg’s test P = 0.390, Egger’s test P 
= 0.665; G vs. A: Begg’s test P = 0.398, Egger’s 

Figure 2. Meta-analysis with a random-effects model for the association between the risk of cancer and the CTLA-4 
+49 A/G polymorphism (G vs. A).
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test P = 0.356) (Figure 4). Sensitivity analyses 
were implemented to assess the influence of 
each individual dataset on the pooled OR by 
omitting one study at a time and consistent sta-
tistical significances of the results were 
observed across all the genetic comparisons, 

confirming that our results were robust enough 
(data not shown). Nonparametric “trim-and-fill” 
method was also applied to sensitivity analysis. 
The results showed that the findings of this 
meta-analysis were reliable (GG+AG vs. AA: 
adjusted pooled OR = 0.85, 95% CI: 0.76-0.94, 

Figure 3. Meta-analysis with a random-effects model for the association between the risk of cancer and the CTLA-4 
+49 A/G polymorphism (GG+AG vs. AA).
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P = 0.003; GG vs. AG+AA: adjust-
ed pooled OR = 0.85, 95% CI: 
0.78-0.91, P = 0.000; GG vs. AA: 
adjusted pooled OR = 0.76, 95% 
CI: 0.67-0.88, P = 0.000; G vs. A: 
adjusted pooled OR = 0.87, 95% 
CI: 0.82-0.93, P = 0.000) (Figure 
5). Since large heterogeneities 
among the studies were observed, 
we performed subgroup analyses 
by cancer type and ethnicity 
(Table 3). The results showed that 
cervical cancer, gastric cancer, 
lymphoma, oral cancer, other can-
cers and Asian population sub-
group may contribute to the major 
heterogeneity. As shown in Table 
3, heterogeneity was significant 
in allele comparison. Afterwards, 
Galbraith radial plot was conduct-
ed to analyze the source of het-
erogeneity and the results indi-
cated that 12 outliers might 
contribute to the major source of 
heterogeneity [8, 15, 25, 33, 37, 
40, 46, 52, 58, 60, 62] (Figure 6). 
Further stratified analyses were 
conducted by publication year, 
country (if one system cancer 
investigated by less than two indi-
vidual studies, it was included 
into “other countries”), sample 
size and quality score of this 
meta-analysis and the results 
showed an association of studies 
published ≤ 2006 [37, 58, 60] or 
≥ 2012 [8, 25, 40, 46], conduct-
ed in Chinese population [8, 15, 
33, 37, 40], Italian population and 
high quality score studies [58, 
60] with more prominent hetero-
geneity (Table 3).

Discussion

CTLA-4 gene is one of the most 
important immunoglobulin super-
family genes. Mutations in CTLA-
4 genes may alter predisposition 
to cancer [15]. So far, many previ-
ous investigations have focused 
on the association of CTLA-4 +49 
A/G polymorphism with cancer, 
but the results were inconsistent. 
In this meta-analysis, a total of 52 
eligible and original case-control 

Figure 4. Begg’s funnel plot of meta-analysis of between the CTLA-4 +49 
A/G polymorphism and the risk of cancer in the allele model (G vs. A).

Figure 5. Filled funnel plot of meta-analysis of between the CTLA-4 +49 
A/G polymorphism and the risk of cancer in the allele model (G vs. A).

Figure 6. Galbraith radial plot of meta-analysis (G vs. A compare genetic 
model).
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studies, including 16,594 cancer cases and 
20,283 controls, were recruited and analyzed 
the association. Our results suggested that the 
CTLA-4 +49 A/G polymorphism was associated 
with a statistically decreased risk of cancer, 
especially for breast cancer, lung cancer, and 
other cancers, epithelial tumor, respiratory sys-
tem cancer, reproductive and breast cancer, 
malignant bone tumor, and other system can-
cer subgroup such effect was still found in 
Asian populations. After the Bonferroni correc-
tion, in all the genetic comparison models, the 
results are still positive. CTLA-4 is a costimula-
tory molecule expressed mainly by activated T 
cells [63]. CTLA-4 acts as a crucial negative 
regulator of activated of T cells through reduc-
ing both interleukin (IL)-2 and IL-2 receptor pro-
ductions, retarding T cells at the G1 phase in 
cell cycle or inducing Fas-independent apopto-
sis of activated T cells [64, 65] Targeting CTLA-
4 in immunotherapy with a type of monoclonal 
antibodies (mAbs) was utilized as a therapeutic 
approach in metastatic melanoma and other 
tumors, with the aim to enhance antitumor T 
cell activation and expansion [66, 67]. Thus, 
CTLA-4 may be involved in carcinogenesis. Our 
results showed a decreased risk of overall can-
cer for carriers of the G allele. The CTLA-4 +49 
A/G polymorphism (A→G), a SNP in exon 1 of 
CTLA-4, causes a threonine (Thr) to alanine 
(Ala) substitution in the CTLA-4 receptor and 
guanine at this position is correlated with low 
expression of the CTLA-4 protein [11, 13]. A 
previous study conducted by Sun et al. has 
reported that the 49G allele reduces messen-
ger RNA efficiency and attenuates CTLA-4 
expression compared with the 49A allele, and 
individuals carrying the GG genotype may have 
higher T cell proliferation and activation than 
those with the AA genotype under the condition 
of suboptimal stimulation [11]. In this meta-
analysis, our results show that the A→G change 
in CTLA-4 may lead to increase of both IL-2 and 
IL-2 receptor productions, accelerating T cells 
at the G1 phase in cell cycle or restraining 
apoptosis of activated T cells and dramatic 
decline of the CTLA-4 expression, which may 
lower cancer risk. Since the results from meta-
analysis can be affected by tumor type, sub-
group analysis was performed according to 
various cancer types for the CTLA-4 +49 A/G 
polymorphism. The results suggest that the 
CTLA-4 +49 A/G polymorphism is associated 
with an decreased risk of lung cancer, breast 

cancer and other cancers, but not cervical can-
cer, colorectal cancer, gastric cancer, lympho-
ma, melanoma and oral cancer (shown in Table 
3). However, these results of the current meta-
analysis should be interpreted with very cau-
tion. For lymphoma, melanoma, and oral can-
cer, in every subgroup, only three investigations 
were included for the analysis, which may 
weaken statistical power and therefore 
increase the uncertainty. More studies with 
large sample sizes are demanded to validate 
these results. When stratified by ethnics, we 
found the CTLA-4 +49 A/G polymorphism is 
associated with the decreased risk of cancer in 
Asians but not Caucasians (shown in Table 3). 
This meta-analysis confirmed that ethnic muta-
tion of genetic background would be modified 
by multiple environmental factors, such as age, 
sex, smoking, drinking status, diet, lifestyle and 
so on [68]. In the current analysis, the possible 
reason of the inconsistent results among differ-
ent populations could be that different level 
exposure of genetic and environmental factors 
might have an impact on cancer risk. In the 
future, further studies with detailed environ-
ment data and a larger sample size are required 
to corroborate or refute these results. Fur- 
thermore, in a stratified analysis by the origin of 
cancer, a significant decrease in cancer risk 
was identified for epithelial tumor, but not non-
epithelial tumor (shown in Table 3). Only 12 
case-control studies were included in non-epi-
thelial tumor subgroup and the sample size was 
small in most of these studies, which might 
restrict power to obtain a credible result. In the 
future, additional studies with large sample 
sizes should be carried out to confirm these 
results. Additionally, in a stratified analysis by 
the system of cancer, significant decreases in 
cancer risk were found for respiratory system 
cancer, reproductive and breast cancer, malig-
nant bone tumor and other system cancers, 
but not digestive system cancer, hematopoietic 
malignancy and skin cancer (shown in Table 3). 
Considering only two studies with small sample 
size were conducted in malignant bone tumor, 
there is an indication of possible benefit, so fur-
ther numerous studies are needed to achieve 
an accurate result. Two significant issues, het-
erogeneity and publication bias, should be fur-
ther addressed in this study. Both Begg’s 
Funnel plot and Egger’s test were implemented 
to evaluate publication bias and no significant 
publication bias was detected, suggesting the 
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reliability of our findings. The relatively large 
heterogeneity was detected between publica-
tions recruited in this meta-analysis. Important 
sources of heterogeneity involve ethnicity, ori-
gin of cancer, system of cancer, country, the 
publication year, cancer type, sample size, 
quality score, and so on. When stratified by eth-
nics, origin of cancer, system of cancer and 
cancer type, this heterogeneity was effectively 
reduced or almost removed in some subgroups, 
suggesting different gene-environment factors 
effect on different populations and cancer 
types, even for the same polymorphism. And 
then, further subgroup analyses were conduct-
ed by publication year, country, quality score, 
and sample size. The pooled subgroup analysis 
of a subset of studies published ≤ 2006 or ≥ 
2012, high quality studies, epithelial tumor, 
digestive system cancer, reproductive and 
breast cancer, hematopoietic malignancy, cer-
vical cancer, gastric cancer, lymphoma, oral 
cancer, other cancers, Asian population, stud-
ies conducted in Chinese population and Italian 
population, suggested an association with 
more prominent heterogeneity. The reason 
might be attributed to multiple mixed environ-
mental factors, design bias in the study or the 
different predisposition to cancer in different 
race. From the forest plot in allele genetic 
model (Figure 2), we can confirm that 12 stud-
ies are the main sources of heterogeneity. 
There are some drawbacks in several publica-
tions included in this meta-analysis, for 
instance, some investigations with small sam-
ple sizes (≤ 1000 subjects) [25, 33, 37, 40, 46, 
52, 58, 60, 62]. Publication year may be anoth-
er source of heterogeneity. Some investiga-
tions published ≤ 2006 [37, 58, 60] or ≥ 2012 
[8, 25, 40, 46] were detected and went on to 
show significant heterogeneity. When come to 
country origins, studies conducted in Chinese 
populations [8, 15, 33, 37, 40] and Italian pop-
ulations [58, 60], contribute the major outlier. 
In this meta-analysis, the power (α = 0.05) was 
measured using an internet-based power and 
sample size calculator (PS, version 3.0, 2009, 
http://biostat.mc.vanderbilt.edu/twiki/bin/
view/Main/PowerSampleSize). The power was 
1.000 in four genetic models (GG+AG vs. AA, 
GG vs. AG+AA, GG vs. AA and G vs. A). Here, we 
should mention the following. First, to date, this 
meta-analysis is the most comprehensive syn-
thesis assessing the association of CTLA-4 
+49 A/G polymorphism with cancer risk. 

Second, the shape of funnel plot showed no 
publication bias in the meta-analysis. Third, 52 
case-control studies were considered for analy-
sis; the sample size regarding CTLA-4 +49 A/G 
polymorphism was large. Fourth, after the 
Bonferroni correction, for CTLA-4 +49 A/G poly-
morphism, the association was confirmed in all 
the comparison models. Fifth, although there 
were several low quality studies (the quality 
score < 6) in this meta-analysis, we excluded or 
recruited them, the results were similar, sug-
gesting that our results were stable (shown in 
Table 3). In addition, some limitations in our 
study should be acknowledged when interpret-
ing our findings. First, all the case-control stud-
ies in current meta-analysis were from Asians 
and Caucasians; thus, these results might only 
fit for these two ethnicities. Second, only pub-
lished investigations were recruited in this anal-
ysis; therefore, publication bias might have 
occurred ineluctably. Third, in some subgroups, 
the number of cases and controls was relatively 
small, which might have limited the statistical 
power. Fourth, due to the lack of uniform gene-
environment interactions data for recruited 
studies, we failed to perform the further strati-
fied analysis by other factors (e.g., age, sex, 
alcohol consumption, smoking, diet, and other 
lifestyle factors). Given the low-penetrance can-
cer susceptibility gene effects from SNP, the 
vital gene-environment factors should not be 
ignored. To sum up, this meta-analysis demon-
strated that the CTLA-4 +49 A/G polymorphism 
was a risk factor for cancer, especially in Asians, 
lung cancer, breast cancer, other cancers, epi-
thelial tumor, respiratory system cancer, repro-
ductive and breast cancer, malignant bone 
tumor, and other system cancer subgroup. 
Nevertheless, for practical reasons, more well-
designed studies with functional evaluations 
should be carried out in order to further investi-
gate the molecular mechanisms by which varia-
tions of CTLA-4 gene modify cancer risk with 
detailed gene-gene and gene-environment 
interactions data.
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Table S1. PRISMA checklist, checklist of items to include when reporting a systematic review or meta-analysis (diagnostic review consisting of 
cohort studies)
Section/topic # Checklist item Reported on section #
TITLE 
Title 1 Identify the report as a systematic review, meta-analysis, or both. Title page
ABSTRACT 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclu-
sions and implications of key findings; systematic review registration number. 

Abstract page

INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. Introduction section
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS). 
Introduction section

METHODS 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 

provide registration information including registration number. 
N/A

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years con-
sidered, language, publication status) used as criteria for eligibility, giving rationale. 

Materials and methods section, 
Inclusion and exclusion criteria

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to iden-
tify additional studies) in the search and date last searched. 

Materials and methods section, 
Search Strategy

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could 
be repeated. 

Materials and methods section, 
Search Strategy

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applic-
able, included in the meta-analysis). 

Materials and methods section, 
Data extraction

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators. 

Materials and methods section, 
Data extraction

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions 
and simplifications made. 

Materials and methods section, 
Data extraction

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this 
was done at the study or outcome level), and how this information is to be used in any data synthesis. 

Materials and methods section, 
Statistical analysis

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). Materials and methods section, 
Statistical analysis

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis. 

Materials and methods section, 
Statistical analysis

Section/topic # Checklist item Reported on page # 
Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, select-

ive reporting within studies).
Materials and methods section, 
Statistical analysis

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.

Materials and methods section, 
Statistical analysis
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RESULTS 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclu-

sions at each stage, ideally with a flow diagram. 
Figure 1

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations. 

Table 1

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Results section, Tests for publica-
tion bias, sensitivity analysis, and 
heterogeneity; Figure 4

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 

Figures 2, 3

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. Results section, Quantitative 
synthesis; Table 3

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). Results section, Tests for publica-
tion bias, sensitivity analysis, and 
heterogeneity; Figure 4

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 
16]). 

Results section, Tests for publica-
tion bias, sensitivity analysis, and 
heterogeneity

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, users, and policy makers). 
Discussion section

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete re-
trieval of identified research, reporting bias). 

Discussion section

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research. 

Discussion section

FUNDING 
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders 

for the systematic review. 
N/A



CTLA-4 +49 A/G polymorphism and cancer risk

3 

Table S2. Scale for methodological quality assessment
Criteria Score
1. Representativeness of cases
    Selected from cancer registry or multiple cancer center sites 2
    Selected from oncology department or cancer institute 1
    Not described 0
2. Source of controls
    Population or community based 2
    Hospital-based cancer-free controls 1.5
    Healthy volunteers without total description 1
    Cancer-free controls with related diseases 0.5
    Not described 0
3. Ascertainment of relevant cancer
    Histopathologic confirmation 2
    Patient medical record 1
    Not described 0
4. Sample size
    ≥ 1000 2
    200-1000 1
    < 200 0
5. Quality control of genotyping methods
    Repetition of partial/total tested samples with a different method 1
    Repetition of partial/total tested samples with the same method 0.5
    Not described 0
6. Hardy-Weinberg equilibrium (HWE)
    Hardy-Weinberg equilibrium in control subjects 1
    Hardy-Weinberg disequilibrium in control subjects 0


