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Abstract: Objectives: The correlation between intercellular adhesion molecule 1 (ICAM-1) common polymorphisms 
(rs5498 A>G and rs3093030 C>T) and cancer susceptibility has been explored in various ethnic groups and differ-
ent cancer types; however, these investigations have yielded contradictory results. To address the relationship more 
precisely, we performed this meta-analysis. Design and methods: EmBase, PubMed and China National Knowledge 
Infrastructure (CNKI) databases were searched by two authors independently for eligible publications before April 
8, 2015. Random-effects or fixed-effects model was harnessed to calculate the pooled odds ratios (ORs) and 95% 
confidence intervals (CIs) when appropriate. Results: The result suggested that the ICAM-1 rs5498 A>G polymor-
phism is not associated with cancer susceptibility in overall cancer. In a stratified analysis by ethnicity, a significant 
increased cancer risk was identified among Asians, but the inverse association was found among Caucasians. 
In a stratified analysis by cancer type, ICAM-1 rs5498 A>G polymorphism was associated with a significantly in-
creased risk of oral cancer, but with protection from colorectal cancer and melanoma. ICAM-1 rs3093030 C>T 
polymorphism is not correlated with cancer susceptibility. Conclusions: In summary, this meta-analysis highlights 
that the ICAM-1 rs5498 A>G polymorphism probably contributes to decreased susceptibility to cancer, especially 
in Caucasians, in melanoma and colorectal cancer subgroup, but it may be a risk factor for oral cancer and Asians.

Keywords: Cancer, polymorphism, ICAM-1, cancer susceptibility, meta-analysis

Introduction

Based on full GLOBOCAN database, an estimat-
ed 14.1 million new cancer patients and 8.2 
million cancer-associated deaths occurred in 
2012 worldwide [1]. The global incidence and 
mortality rate of cancer boost largely because 
of the growth and aging of the world population, 
as well as a promoting prevalence of estab-
lished cancer-related lifestyles, such as heavy 
drinking, smoking, physical inactivity, changing 
reproductive patterns and ‘westernized’ diets 
[2]. However, the mechanism and etiology of 
carcinogenesis are very complicated and 
remain largely unclear, although a number of 
investigations have focused on the relationship 
of the chronic inflammation and immune sys-
tem with cancer [3-6].

The intercellular adhesion molecule 1 (ICAM-1) 
gene (cluster of differentiation 54 [CD54]) is 

located on chromosome 19q13.3. ICAM-1, a 
76-115 KDa surface glycoprotein, is a cell adhe-
sion molecule which is a member of the immu-
noglobulin (Ig) superfamily. It has three impor-
tant components which involve five extracellu-
lar IgG-like binding domains, a transmembrane 
region and a cytoplasmic tail that correlates 
with a few cytoskeletal linker proteins [7-9]. 
ICAM-1 is presented on the surface of a few cell 
types, such as endothelial cells, epithelial cells, 
fibroblasts, leukocytes and keratinocytes [10]. 
ICAM-1 acts as a moderator in cell-extracellular 
matrix and cell-cell interactions, and then medi-
ates the invasion of activated immune cells into 
damaged organ or tissue during immune 
responses and the inflammatory. Previous stud-
ies have highlighted that ICAM-1 single nucleo-
tide polymorphisms (SNPs) are associated with 
the risk of multiple human diseases, such as 
asthma [11], falciparum malaria [12], coronary 
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artery disease, Behçets disease [13] and dia-
betic nephropathy among type 1 diabetes [14] 
et al.

Some prior studies indicated that ICAM-1 is 
overexpressed in a number of malignancies 
such as thyroid carcinoma [15], gastric cancer 
[16], renal cell carcinoma [17] and oral cancer 
[18] and may contribute to carcinogenesis, 
tumor progression and metastasis. Accumu- 
lating evidence demonstrates ICAM-1 SNPs 
play important roles in tumorigenesis and pro-
gression, specifically by facilitating malignance 
invasion and metastasis [18, 19]. ICAM-1  
gene is polymorphic, and a number of variants 
have been established, such as rs5498 A>G 
(K469E), rs3093030 C>T, rs5030382 A>G, 
rs1799969 G>A, rs5490 A>C, rs5496 A>G, 
rs281432 C>G and rs281428 C>T polymor-
phisms etc. Among them, the ICAM-1 rs5498 
A>G and rs3093030 C>T SNPs were the most 
widely explored for their implication in cancer 
susceptibility. Several previous studies sug-

PubMed, EMBASE and China National Know- 
ledge Infrastructure (CNKI) databases (the last 
online literature search was updated in April 8, 
2015) were searched simultaneously using the 
following terms: ‘Intercellular adhesion mole-
cule-1’ or ‘ICAM-1’, ‘SNP’ or ‘polymorphism’ or 
‘variant’, and ‘cancer’ or ‘malignance’ or ‘carci-
noma’. The literature search was limited to 
English or Chinese articles. Additional publica-
tions were manually searched based on the 
bibliographies provided in reviews and the 
retrieved studies.

Inclusion and exclusion criteria

The major selection criteria were: (1) evaluating 
the correlation of ICAM-1 rs5498 A>G and 
rs3093030 C>T polymorphisms with cancer 
susceptibility, (2) case-control study design, (3) 
containing data on genotype and allele fre-
quency. Accordingly, reports without complete 
data, not case-control study design, reviews, 
duplicated data and comments were excluded.

Figure 1. Flow diagram of articles selection process for meta-analysis.

gested that these two  
SNPs were involved in the 
aetiology of different can-
cer types, including urothe-
lial cell carcinoma [20], oral 
cancer [21, 22], colorectal 
cancer [23, 24], ovarian 
cancer [25], breast cancer 
[26], gastric cancer [27] 
and so on. However, all 
available results from those 
studies remain inconsis-
tent rather than conclusive. 
Considering the vital role of 
ICAM-1 gene in carcinogen-
esis, we conducted a meta-
analysis on all included 
publications to assess the 
cancer susceptibility asso-
ciated with these two SNPs. 
To the best of our knowl-
edge, the present study is 
the most comprehensive 
analysis performed to date 
with respect to the correla-
tions between polymor-
phisms in the ICAM-1 gene 
and cancer risk.

Materials and methods

Search strategy
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Table 1. Characteristics of the individual studies included in the meta-analysis

Study Year Country Ethnicity Cancer type Genotype method No.of cases/
controls Polymorphism

Lu et al. 2015 China Asians ovarian cancer PCR-RFLP 687/687 rs5498

Wang et al. 2014 China Asians urothelial cell carcinoma TaqMan 279/279 rs5498, rs3093030

Yilmaz et al. 2013 Turkey Caucasians brain cancer PCR-RFLP 92/92 rs5498

Lin et al. 2013 China Asians oral cancer TaqMan 595/561 rs5498, rs3093030

Cai et al. 2013 China Asians ovarian cancer MassARRAY system 480/520 rs5498, rs3093030

Thanopoulou et al. 2012 Greece Caucasians Lung cancer PCR-RFLP 203/175 rs5498

Tian et al. 2012 China Asians gastric cancer PCR-RFLP 332/380 rs5498

Dean Hosgood III et al. 2011 USA Caucasians lymphoma Illumina SNP Genotyping 1946/1808 rs3093030

Han et al. 2010 Korea Asians breast cancer Illumina SNP Genotyping 117/164 rs3093030

Wang et al. 2009 China Asians colorectal cancer PCR-SSP 87/102 rs5498

Bai et al. 2009 China Asians oral cancer PCR-RFLP 112/98 rs5498

Arandi et al. 2008 Iran Caucasians breast cancer PCR-SSP 264/200 rs5498

Theodoropoulos et al. 2006 Greece Caucasians colorectal cancer PCR-RFLP 222/200 rs5498

Chen et al. 2006 USA Africans prostate cancer PCR-RFLP 286/391 rs5498, rs3093030

Cox et al. 2006 USA mixed breast cancer TaqMan 1264/1747 rs5498

Vinceti et al. 2006 Italy Caucasians melanoma PCR-RFLP 59/59 rs5498

Howell et al. 2005 UK Caucasians melanoma TaqMan 164/264 rs5498

Kammerer et al. 2004 German Caucasians breast cancer MassEXTEND 242/265 rs5498

Kammerer et al. 2004 German Caucasians breast cancer MassEXTEND 178/142 rs5498

Kammerer et al. 2004 Australia Caucasians breast cancer MassEXTEND 167/170 rs5498
PCR-SSP: polymerase chain reaction-sequence specific primer; PCR-RFLP: polymerase chain reaction-restriction fragment length polymorphism.

Table 2. Distribution of ICAM-1 polymorphisms genotype and allele

Polymorphisms Study Year Case genotype Control 
genotype Case allele Control 

allele HWE

ICAM-1 rs5498 A>G AA AG GG AA AG GG A G A G

Lu et al. 2015 209 322 156 180 362 145 740 634 722 652 0.137937

Wang et al. 2014 151 114 14 174 92 13 416 142 440 118 0.850971

Yilmaz et al. 2013 25 49 18 29 50 13 99 85 108 76 0.246364

Lin et al. 2013 329 220 46 350 182 29 878 312 882 240 0.402868

Cai et al. 2013 144 201 60 237 228 50 489 321 702 328 0.651420

Thanopoulou et al. 2012 70 87 46 66 82 27 227 179 214 136 0.854302

Tian et al. 2012 190 116 26 187 169 24 496 168 543 217 0.079239

Wang et al. 2009 50 28 9 43 44 15 128 46 130 74 0.498977

Bai et al. 2009 38 43 31 44 45 9 119 105 133 63 0.602349

Arandi et al. 2008 53 144 67 52 104 44 250 278 208 192 0.555690

Theodoropoulos et al. 2006 56 96 70 35 88 77 208 236 158 242 0.261476

Chen et al. 2006 197 83 6 265 110 16 477 95 640 142 0.290310

Cox et al. 2006 388 585 196 543 798 294 1361 977 1884 1386 0.978208

Vinceti et al. 2006 22 27 8 14 35 8 71 43 63 51 0.067884

Howell et al. 2005 58 63 30 67 109 48 179 123 243 205 0.767737

Kammerer et al. 2004 94 109 39 77 130 58 297 187 284 246 0.822276

Kammerer et al. 2004 60 84 34 40 67 35 204 152 147 137 0.510933

Kammerer et al. 2004 67 72 28 62 75 33 206 128 199 141 0.234396

ICAM-1 rs3093030 C>T CC CT TT CC CT TT T C T C

Wang et al. 2014 176 92 11 178 93 8 114 444 109 449 0.313530

Lin et al. 2013 384 183 28 365 179 17 239 951 213 909 0.377044

Cai et al. 2013 183 172 51 271 207 36 274 538 279 749 0.678157

Dean Hosgood III et al. 2011 524 695 236 607 878 305 1167 1743 1488 2092 0.680035

Han et al. 2010 59 54 4 75 65 24 62 172 113 215 0.116842

Chen et al. 2006 241 44 1 315 72 4 46 526 80 702 0.959563
HWE: Hardy-Weinberg equilibrium.
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Figure 2. Meta-analysis with a random-effects model for the association between ICAM-1 rs5498 A>G polymor-
phism and cancer risk (G vs. A compare genetic model).

Data extraction

For each recruited study, the following original 
data were extracted by two independent 
authors (W. Tang and Y. Wang): (1) the surname 
of first author and published year, (2) country of 
origin and ethnicity, (3) cancer type, (4) case/
control number, (5) data of allele and genotype 
frequency, (6) evidence of Hardy-Weinberg 
equilibrium (HWE) in controls and (7) genotyp-
ing method. When come to conflicting evalua-
tions, disputes were settled based on the dis-
cussion among all reviewers.

Statistical analysis

The crude odds ratios (ORs) with 95% confi-
dence intervals (95% CIs) were calculated to 
assess the strength of correlation between 
ICAM-1 polymorphisms and cancer susceptibil-
ity. A P<0.05 (two-tailed) was accepted as sta-
tistically significant. A Chi-square-based I2 test 

was used to detect heterogeneity [28] and an 
I2<25% indicates low heterogeneity, 25%≤I2 

≤50% indicates moderate heterogeneity, and 
I2>50% indicates large heterogeneity [29]. 
When I2>50% or P<0.10 (two-sided), the ran-
dom-effects model (the DerSimonian-Laird 
method) was utilized to pool the data [30], oth-
erwise the fixed-effects model (the Mantel-
Haenszel method) was used [31]. Sub-group 
analyses were harnessed according to cancer 
type and ethnicity to identify the specific effects 
of heterogeneity. Galbraith radial plot was used 
to detect the major source of heterogeneity 
[32]. Publication bias was assessed by Begg’s 
funnel plot and Egger’s test [33]. One-way sen-
sitivity analysis was also used to confirm the 
stability of our findings. In addition, for publica-
tion bias test, a P <0.1 (two-sided) was accept-
ed as statistical significance. All statistical 
analyses were performed using STATA version 
12.0 software (Stata Corporation, College 
Station, TX).
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Figure 3. Meta-analysis with a random-effects model for the association between ICAM-1 rs5498 A>G polymor-
phism and cancer risk in different cancer type (GG+AG vs. AA compare genetic model).

Results

Characteristics

In total, 835 potentially relevant publications 
were retrieved. Figure 1 showed the detailed 
selecting process. Finally, a total of twenty-four 
case-control studies from eighteen articles 
were identified. Overall, there were sixteen pub-
lications (including eighteen case-control stud-
ies) on the ICAM-1 rs5498 A>G polymorphism 
and six articles (including six case-control stud-
ies) on the rs3093030 C>T polymorphism. Of 
these articles, four investigated breast cancer, 
two investigated ovarian cancer, two investigat-
ed oral cancer, two investigated colorectal can-

cer and two investigated melanoma. Others 
investigated urothelial cell carcinoma, lung 
cancer, brain cancer, gastric cancer, lymphoma 
and prostate cancer. Among twenty case-con-
trol studies, eight were from Asia, ten were from 
Caucasians, one was mixed populations and 
one was from American Africans. The charac-
teristics of the eligible studies and the distribu-
tion of ICAM-1 variants as well as alleles are 
listed in Tables 1, 2, respectively.

Quantitative synthesis

ICAM-1 rs5498 A>G polymorphism: There were 
sixteen papers met the inclusion criteria with 
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Figure 4. Meta-analysis with a random-effects model for the association between ICAM-1 rs5498 A>G polymor-
phism and cancer risk in different populations (GG vs. AG+AA compare genetic model).

5528 cases and 6173 controls, one article 
(Kammerer et al.) [26] provided three sub-
groups, thus, we treated them separately. In 
total, there were eighteen case-control studies 
included in the present meta-analysis. Nine 
case-control studies were from Caucasians, 
seven were from Asia, one was from American 
Africans and one was from mixed populations. 
Overall, there was null correlation of ICAM-1 
rs5498 A>G polymorphism with overall cancer 
risk (Figure 2). In a subgroup analysis by cancer 
type, ICAM-1 rs5498 A>G polymorphism was 
associated with a significantly increased risk of 
oral cancer (OR, 1.49; 95% CI, 1.07-2.09; P = 
0.020 for G vs. A; OR, 2.41; 95% CI, 1.05-5.52; 
P = 0.038 for GG vs. AA; OR, 1.38; 95% CI, 
1.11-1.71; P = 0.004 for GG+AG vs. AA and OR, 
1.26; 95% CI, 1.00-1.58; P = 0.049 for AG vs. 
AA), but with protection from colorectal cancer 

(OR, 0.71; 95% CI, 0.56-0.89; P = 0.004 for G 
vs. A; OR, 0.55; 95% CI, 0.35-0.88; P = 0.012 
for GG vs. AA; OR, 0.59; 95% CI, 0.41-0.85; P = 
0.005 for GG+AG vs. AA and OR, 0.62; 95% CI, 
0.42-0.93; P = 0.020 for AG vs. AA) and mela-
noma (OR, 0.64; 95% CI, 0.44-0.94; P = 0.023 
for GG+AG vs. AA and OR, 0.62; 95% CI, 0.41-
0.93; P = 0.022 for AG vs. AA) (Figure 3). In a 
subgroup analysis by ethnicity, a significant 
increased cancer risk was identified among 
Asians (OR, 1.37; 95% CI, 1.03-1.82; P = 0.032 
for GG vs. AG+AA) but the inverse association 
was found among Caucasians (OR, 0.84; 95% 
CI, 0.72-0.99; P = 0.043 for GA vs. AA) (Figure 
4). Other comparison results are listed in Table 
3.

ICAM-1 rs3093030 C>T polymorphism: A total 
of 3138 cases and 3699 controls from six 
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Table 3. Meta-analysis of the ICAM-1 rs5498 A>G polymorphism and cancer risk

No. of 
study

G vs. A GG vs. AA GG+AG vs. AA GG vs. AG+AA AG vs. 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) OR (95%CI) P P 
(Q-test)

Total 18 1.00 (0.89-1.12) 0.974 <0.001 1.02 (0.82-1.27) 0.542 <0.001 0.96 (0.82-1.11) 0.564 <0.001 1.07 (0.90-1.26) 0.457 0.006 0.94 (0.82-1.08) 0.401 0.001

Ethnicity

    Asians 7 1.13 (0.92-1.39) 0.253 <0.001 1.36 (0.92-2.00) 0.123 0.002 1.07 (0.81-1.42) 0.631 <0.001 1.37 (1.03-1.82) 0.032 0.051 1.00 (0.76-1.32) 0.997 <0.001

    Caucasians 9 0.91 (0.78-1.06) 0.225 0.023 0.86 (0.63-1.17) 0.355 0.029 0.84 (0.68-1.04) 0.117 0.069 0.93 (0.78-1.10) 0.404 0.203 0.84 (0.72-0.99) 0.043 0.280

Cancer type

    Ovarian cancer 2 1.15 (0.78-1.69) 0.479 0.002 1.33 (0.63-2.79) 0.449 0.005 1.12 (0.59-2.01) 0.732 <0.001 1.23 (0.99-1.52) 0.061 0.110 1.05 (0.56-1.96) 0.877 0.001

    Oral cancer 2 1.40 (1.18-1.66) <0.001 0.116 2.41 (1.05-5.52) 0.038 0.088 1.38 (1.11-1.71) 0.004 0.586 2.27 (0.95-5.46) 0.066 0.058 1.26 (1.00-1.58) 0.049 0.651

    Colorectal cancer 2 0.71 (0.56-0.89) 0.004 0.546 0.55 (0.35-0.88) 0.012 0.859 0.59 (0.41-0.85) 0.005 0.688 0.72 (0.50-1.04) 0.082 0.848 0.62 (0.42-0.93) 0.020 0594

    Breast cancer 5 0.92 (0.78-1.07) 0.270 0.056 0.85 (0.63-1.14) 0.278 0.080 0.91 (0.72-1.15) 0.426 0.073 0.89 (0.77-1.04) 0.153 0.419 0.98 (0.85-1.12) 0.734 0.208

    Melanoma 2 0.80 (0.62-1.03) 0.087 0.783 0.71 (0.42-1.18) 0.186 0.851 0.64 (0.44-0.94) 0.023 0.551 0.93 (0.58-1.47) 0.742 0.874 0.62 (0.41-0.93) 0.022 0.530

    Other cancer 5 1.06 (0.88-1.27) 0.533 0.094 1.19 (0.87-1.62) 0.288 0.320 1.04 (0.80-1.34) 0.791 0.052 1.23 (0.92-1.66) 0.166 0.317 1.00 (0.76-1.33) 0.980 0.038

Table 4. Meta-analysis of the ICAM-1 rs3093030 C>T polymorphism and cancer risk

No. of 
study

T vs. C TT vs. CC TT+CT vs. CC TT vs. CT+CC CT vs. CC

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

Total 18 0.99 (0.84-1.18) 0.932 0.004 1.02 (0.60-1.76) 0.930 0.001 0.98 (0.89-1.09) 0.745 0.110 1.03 (0.62-1.70) 0.906 0.001 0.97 (0.87-1.08) 0.600 0.497
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case-control studies were included in this 
pooled analysis on the association between 
the ICAM-1 rs3093030 C>T polymorphism and 
cancer susceptibility. Four case-control studies 
were from Asians, one was from Caucasians, 
and one was from American Africans. The pres-
ent findings did not show any statistical evi-
dence of a correlation between the ICAM-1 rs- 

vs. AG+AA: Begg’s test P = 0.850, Egger’s test 
P = 0.555, AG vs. AA: Begg’s test P = 0.910, 
Egger’s test P = 0.204; ICAM-1 rs3093030 
C>T: T vs. C: Begg’s test P = 0.452, Egger’s test 
P = 0.917; TT vs. CC: Begg’s test P = 0.452, 
Egger’s test P = 0.971; TT+CT vs. CC: Begg’s 
test P = 1.000, Egger’s test P = 0.933; TT vs. 
CT+CC: Begg’s test P = 0.452, Egger’s test P = 

Figure 5. Meta-analysis with a fixed-effects model for the association between ICAM-1 rs3093030 C>T polymor-
phism and cancer risk (TT+CT vs. CC compare genetic model).

Figure 6. Begg’s funnel plot of meta-analysis of the association between the 
ICAM-1 rs5498 A>G polymorphism and the risk of cancer (GG+AG vs. AA com-
pare genetic model).

3093030 C>T polymorph- 
ism and the overall cancer 
susceptibility (Figure 5 and 
Table 4). For limited da- 
ta, further subgroup analy-
ses were not carried out.

Tests for publication bias, 
sensitivity analyses, and 
heterogeneity

No significant publication 
bias was found with either 
the Begg’s funnel plot or 
the Egger’s test (ICAM-1 
rs5498 A>G: G vs. A: Begg’s 
test P = 0.449, Egger’s test 
P = 0.772; GG vs. AA: Beg- 
g’s test P = 0.649, Egger’s 
test P = 0.886; GG+AG vs. 
AA: Begg’s test P = 0.405, 
Egger’s test P = 0.339; GG 



ICAM-1 polymorphisms and cancer risk

12004 Int J Clin Exp Med 2015;8(8):11996-12008

0.922; CT vs. CC: Begg’s test P = 0.452, Egger’s 
test P = 0.649) (Figures 6 and 7).

We carried out a sensitivity analysis to evaluate 
the influence of an individual case-control study 
on the pooled OR by eliding one study in turn. 
The results highlighted that our findings were 
relatively stable (Figures 8 and 9) (data not 
shown).

As shown in Table 3, heterogeneity was signifi-
cant in the present study. Thus, we evaluated 

biomarker which was associated with diagno-
sis, grade, clinical stage and metastasis 
[37-41].

Recently, a number of case-control studies 
have focused on the correlation of polymor-
phisms in ICAM-1 gene with cancer risk. The 
most prevalent ICAM-1 gene mutation, rs5498 
A>G polymorphism, has been extensively stud-
ied. In 2009, Wang et al reported that an A→G 
mutation in rs5498 polymorphism was associ-

Figure 7. Begg’s funnel plot of meta-analysis of the association between theI-
CAM-1 rs3093030 C>T polymorphism and the risk of cancer (TT+CT vs. CC 
compare genetic model).

Figure 8. Sensitivity analysis of the influence of GG+AG vs. AA compare genetic 
model in overall cancer meta-analysis (random-effects estimates for ICAM-1 
rs5498 A>G polymorphism).

the sources of heteroge-
neity by the origin of can-
cer cells and ethnicity 
(Table 3). The results 
demonstrated that Asian 
populations, breast can-
cer and ovarian cancer 
subgroup may contribute 
to the major sources of 
heterogeneity. Galbraith 
radial plot was harnessed 
to analyze the heteroge-
neity in the allele genetic 
model. The results show- 
ed six outliers [21-26] for 
ICAM-1 rs5498 A>G and 
one outlier [25] for ICAM-1 
rs3093030 C>T, respec-
tively, may contribute to 
the considerable source 
of heterogeneity (Figures 
10 and 11).

Discussion

ICAM-1 is expressed in a 
number of malignance 
cells [15-17]. During in- 
flammation process, solu-
ble ICAM-1 (sICAM-1) is 
shed by several cells 
which is activated by cyto-
kines and then produce 
large amounts of mem-
brane ICAM-1 [34]. The 
level of serum sICAM-1 is 
very low or cannot be 
detected in healthy sub-
jects; however, it is elevat-
ed with inflammatory dis-
eases and malignances 
[34-36]. Several prior stu- 
dies also indicated that 
the sICAM-1 was a cancer 
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ated with colorectal cancer differentiation and 
increased the ICAM-1 expression in tumor tis-
sues [23]. In the present meta-analysis, we 
found that ICAM-1 rs5498 A>G polymorphism 
was correlated with the decreased risk of 
colorectal cancer and melanoma, suggesting 
the presence of the A allele, which is associat-
ed with increased ICAM-1 expression and activ-
ity, might decrease the susceptibility of these 
malignances. However, the inverse correlation 
was found in oral cancer. The apparent discrep-

There are only six publications involving 3138 
cases and 3699 controls for ICAM-1 rs3093030 
C>T polymorphism and the risk of cancer. 
Previous study has reported a positive signal of 
ICAM-1 rs3093030 C>T polymorphism with 
ovarian cancer [25]; the other individual investi-
gation has reported negative signal [45]; how-
ever, as shown in our findings, there were non-
significance. For limited data, further subgroup 
analyses in different population and different 
cancer type were not carried out. Further evalu-

Figure 9. Sensitivity analysis of the influence of TT+CT vs. CC compare genetic 
model in overall cancer meta-analysis (random-effects estimates for ICAM-1 
rs3093030 C>T polymorphism).

Figure 10. Galbraith radial plot of meta-analysis (GG+AG vs. AA compare ge-
netic model for ICAM-1 rs5498 A>G polymorphism).

ancy findings may be partly 
addressed by the complex 
etiological link between 
environmental carcinogens 
and oral cancer. Exposure 
to environmental carcino-
gens, such as somking and 
betel nut consumption, 
might implicate the etiology 
of oral cancer [42-44]. A 
stratified analysis was also 
conducted regarding eth-
nicity for the ICAM-1 
rs5498 A>G polymorphism. 
This SNP was correlated 
with the increased suscep-
tibility of cancer in Asian 
populations, but the decre- 
ased risk of cancer in 
Caucasians. The present 
analysis highlighted the 
influence of genetic vari-
ants and diversity in differ-
ent populations to the sus-
ceptibility of malignance. To 
our knowledge, genetic and 
environmental factors can 
affect the risk of cancer on 
different levels. The possi-
ble sake of the inconsistent 
results among different 
populations could be that 
different levels of environ-
mental factors and genetic 
diversity they exposed to 
may play different roles on 
cancer risk. Future studies 
are needed to confirm 
these correlations, particu-
larly with regard to the 
interactions of gene-gene 
and gene-environment.
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ations are needed to confirm or refute these 
results.

Caution must be addressed in the interpreta-
tion of these findings because of the large het-
erogeneity in our study. In subgroup analyses 
stratified by cancer type and racial descent 
respectively, this heterogeneity was reduced 
significantly or removed in some subgroups, 
implying the relatively large heterogeneity 
mostly results from differences of cancer type 
and ethnicity. Simultaneously, the large hetero-
geneity might also have been prompted by the 
differences in selection of age distribution and 
lifestyle factors. Only published studies were 
enrolled in the present study, and negative or 
non-significant studies may remain unpub-
lished, thus publication bias may inevitably 
exist. Finally, due to the lack of sufficient back-
ground data, our findings were based on crude 
estimates, while a more comprehensive analy-
sis should be carried out if the data of individu-
al studies were available.

In conclusion, this meta-analysis highlights that 
the ICAM-1 rs5498 A>G polymorphism proba-
bly contributes to decreased susceptibility to 
cancer, especially in Caucasians, in melanoma 
and colorectal cancer subgroup, but it may be a 
risk factor for oral cancer and Asians. ICAM-1 
rs3093030 C>T polymorphism is not correlat-
ed with cancer susceptibility. Nevertheless, for 
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