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Abstract

Background

The prognostic value and diagnostic accuracy of Interleukin-8 (IL-8) in colorectal cancer

have been assessed with several studies, but the conclusions were inconclusive. Thus we

performed a meta-analysis to evaluate the impact of IL-8 expression on colorectal cancer

prognosis, clinicopathologic features and diagnostic accuracy.

Methods

Comprehensive search strategies were used to search relevant literature in the PubMed,

EBSCO and the ISI Web of Science databases. The correlation between IL-8 expression

and prognosis, clinicopathologic features and diagnostic accuracy was analyzed.

Results

A total of 18 articles met the inclusion criteria, including 1509 patients for clinicopathologic

features or prognosis evaluation and 725 participants for diagnostic evaluation. The results

suggested that overexpression of IL-8 was significantly associated with poor prognosis in

colorectal cancer (HR = 1.54, 95%CI 1.03–2.32), especially in Union for International Can-

cer Control (UICC) stage IV patients (HR = 2.28, 95%CI 1.60–3.25). With further subgroup

analysis, we found that high IL-8 level in serum was significantly correlated with poor prog-

nosis (HR = 2.13, 95%CI 1.49–3.05). In addition, significant correlations were observed be-

tween high IL-8 expression and advanced stage (OR = 3.01, 95%CI 1.98–4.56), lymphatic

metastasis (OR = 2.24, 95%CI 1.39–3.63), and liver metastasis (OR = 3.47, 95%CI 1.74–

6.89). Moreover, IL-8 had high diagnostic accuracy, with pooled sensitivity 0.70(95%CI

0.66–0.74), specificity 0.91(95%CI 0.86–0.94), positive likelihood ratio (LR) 7.00(95%CI

2.48–19.73), negative LR 0.24(95%CI 0.09–0.64), diagnostic OR 24.00(95%CI 5.52–

104.38).
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Conclusions

This study showed that IL-8 could be a potential indicator for detecting colorectal cancer

and predicting prognosis. In addition, high IL-8 level was significantly correlated with ad-

vanced stage, lymphatic metastasis, liver metastasis.

Introduction
Colorectal cancer(CRC) is the third most frequent cancer in the world, and is one of the leading
causes of cancer related death[1]. Despite the satisfied 5-year survival rate of early stage of
Union for International Cancer Control(UICC), the prognosis of advanced stage is very poor,
especially for stage IV(5-year overall survival<5%)[2]. Thus it is essential to find efficient indi-
cators for detecting cancer early and assessing disease status properly.

Chemotactic cytokines play an important role in angiogenesis and drawing immune cells.
However, their impact on tumor formation remains incompletely understood[3]. Recently,
growing evidence indicates that chemotactic cytokines may be associated with cancers, and
could be potential indicators for detecting cancers and predicting prognosis beyond conven-
tional clinicopathologic indicators[4]. Interleukin-8(IL-8), also called chemokine (C-X-C
motif) ligand 8(CXCL8), is the first inflammatory chemokine discovered in 1987[5]. As a
member of the CXC cytokine family, IL-8 could induce angiogenesis and chemotaxis of many
kinds of cells, such as neutrophils, macrophages, endothelial cells, and cancer cells[6]. During
infiammatory process in colorectal cancer, IL-8 is induced by NF-κB pathway, which may re-
sult in an increased number of tumor vessels[7]. However, there is insufficient evidence to con-
firm the prognostic value and diagnostic accuracy of IL-8 in colorectal cancer. Some studies
revealed that IL-8 had a higher expression in melanoma, glioblastoma, non-small-cell lung car-
cinoma, and colorectal cancer, and through binding to G protein-coupled receptor CXCR1 and
CXCR2, it was closely linked with angiogenesis, tumor growth, metastasis and survival[8–11].
But some other studies suggested IL-8 was not linked with tumor progression and worse prog-
nosis in colorectal cancer[3], and CXCL8-positivity in the tumor infiltrate might be associated
with a statistically significant reduction in the risk of disease recurrence[12].

To address this issue, we conducted a meta-analysis of all eligible studies to evaluate the im-
pact of IL-8 expression on CRC diagnostic accuracy, clinicopathologic features and prognosis,
and to find if IL-8 could be a potential efficient indicator for detecting colorectal cancer or
predicting prognosis.

Materials and Methods

Data sources and selection criteria
We searched literature from PubMed, EBSCO and the ISI Web of Science databases with the
terms: ‘‘IL-8”,” interleukin-8”, ‘‘colorectal neoplasm”, ‘‘colorectal cancer”, “CRC” with all pos-
sible combinations. And reference lists of review articles, bibliographies, or some other relevant
studies were also searched manually for finding the additional eligible studies. The last search
was performed on August 17, 2014.

The inclusion criteria for selecting articles in the meta analysis were as follows: (1) the in-
cluded studies must evaluate IL-8 expression in the tissues or serum of CRC patients; (2)studies
must evaluate the relationships between IL-8 and CRC diagnostic accuracy, clinicopathologic
features or prognosis; (3)studies must give us sufficient data to estimate hazard ratio(HR) for
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overall survival(OS), odds ratio(OR) for clinicopathologic features, or true positive(TP), false
positive(FP), false negative(FN), true negative(TN) for diagnostic evaluation; (4)articles written
in English.

Conference abstracts, reviews, letters and case reports were excluded due to the insufficiency
to properly assess the relevant study data and characteristics. And if several different studies
contained the same patient population, we just included the most complete study to avoid
duplication.

Data extraction and quality assessment
Two authors (Dang Wu and Wenjie Xia) reviewed and extracted data from each eligible study
independently. Controversial problems were resolved by the third investigator Wuzhen Chen.
The following data were collected for each eligible study: the first author’s name, year of publi-
cation, number of patients, patients characteristics, country of origin, detection methods, can-
cer characteristics, cutoff value, number of TP, FP, FN, TN, survival data and follow-up.
Relevant data were summarized and described in table format.

We used Newcastle–Ottawa quality assessment scale (NOS) to evaluate the quality of each
included cohort study and Quality Assessment of Diagnostic Accuracy Studies (QUADAS) to
evaluate the quality of each included diagnostic accuracy study[13, 14]. The NOS assessed each
study with eight items in three aspects: selection, comparability, and outcome. Each item could
gain 1 score except for the item related to comparability which allowed 2 scores. The studies
with 6 scores or more were classified as high quality studies. And similarly, the QUADAS as-
sessed each study with 14 items, and the studies with 9 scores or more were classified as high
quality studies. Two researchers independently assessed studied and gave scores, and disagree-
ments were solved by discussion. Finally a consensus value for each item was achieved.

Statistical analysis
For the pooled analysis of the effect of IL-8 expression on CRC patients survival, hazard ratio
(HR) and its 95% CI were extracted from each eligible study: If HR data were described direct-
ly, we just took them; otherwise, they were estimated from available data in the articles with the
methods described by Parmar and Jayne[15, 16]. HR data were combined for evaluating the as-
sociation between IL-8 expression and overall survival. Odds ratio(OR) and its 95% CI were
combined for assessing the relation between IL-8 expression and CRC clinicopathological fea-
tures, such as tumor stage, lymphatic metastasis, and liver metastasis. And we extracted TP,
FP, FN, TN for evaluating diagnostic accuracy of IL-8. Analysis was conducted with STATA
(v12.0; Stata Corp LP, TX, USA) and Meta-Disc 1.4 for Windows (XI Cochrane Colloquium,
Barcelona, Spain). Heterogeneity was evaluated with Chi-square based Q statistical test and the
I2 statistic[17, 18]. When heterogeneity was not remarkable (I2 values< 50%), a fixed-effects
model was used[19]. Otherwise, we used the random-effects model to pool data[20]. Publica-
tion bias was assessed by Begg’s test(for publication bias in clinicopathologic features or prog-
nosis evaluation) and Deeks’ funnel plot asymmetry test(for publication bias in diagnostic
tests), if p<0.05, publication bias was indicated[21].

Results

Identification of relevant studies
As shown in Fig 1, 225 published articles in total were identified with the search strategy de-
scribed above. After exclusion for reasons, such as reviews, basic research papers, non CRC or
IL-8 topic, totally 46 articles were included for full text review, and in the review, 28 articles
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were excluded for reasons(list of full-text excluded articles and reasons for exclusion could be
seen in S1 Appendix). Finally, a total of 18 eligible studies were included in the final meta-anal-
ysis[3, 8, 12, 22–36]. Of these 18 publications, 15 articles evaluated the association between IL-
8 expression and clinicopathologic features or prognosis of colorectal cancer, and 5 were for di-
agnostic evaluation. The clinical features of eligible studies were listed in Table 1 and Table 2.
Totally, 1509 patients were included for clinicopathologic features or prognosis evaluation,
with a median of 101(from 22 to 228) per study; and 725 participants were included for diag-
nostic evaluation, with a median of 145(from 71 to 218) per study. Within 15 studies for clini-
copathologic features or prognosis evaluation, 6 were from Asia, 3 were from North America,
5 were from Europe, and 1 was from Oceania. 14 of these studies got 6 scores or more in quality
assessment, and were classified as high quality studies. While for 5 diagnostic evaluation stud-
ies, 2 were from Asia, 3 were from Europe, and all studies were classified as high quality
studies.

Fig 1. Flow diagram of study selection procedure.

doi:10.1371/journal.pone.0123484.g001
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Impact of IL-8 expression on overall survival of colorectal cancer
11 studies evaluated the impact of IL-8 expression on overall survival of CRC with HRs. The
pooled HR was 1.54(95%CI 1.03–2.32, I2 = 73.6%, random effect) (Fig 2A). It suggested that
high IL-8 level significantly increased the mortality risk when compared with low IL-8 level for
CRC patients. And in high quality studies, the pooled HR of UICC stage IV subgroup was 2.28
(95%CI 1.60–3.25, I2 = 0%, fixed effect) (Fig 2B), indicating that high IL-8 expression was

Table 1. Basic characteristics of the included studies.

First author Year Country Participants Methods Cutoff value TP FP FN TN QUADAS score

George Sgourakis 2014 Germany 71 ELISA 8.83 pg/ml 48 3 8 12 12

Zhang Pengjun 2013 China 218 Magnetic Beads 44.26 pg/ml 129 2 20 67 12

Stefanie Bunger 2012 Germany 133 biochips 39.5 pg/ml 18 5 63 47 10

ZHI YAN 2012 China 96 PCR NA 45 11 3 37 10

J. Kaminska 2005 Poland 207 ELISA 17.71 pg/ml 106 1 51 49 11

NA, not available; ELISA, enzyme linked immunosorbent assay; PCR, polymerase chain reaction; TP, true positive; FP, false positive; FN, false negative;

TN, true negative; QUADAS, Quality Assessment of Diagnostic Accuracy Studies.

doi:10.1371/journal.pone.0123484.t001

Table 2. Basic characteristics of the included studies.

First author Year Country Patients Median
Age

Methods Follow up Cutoff value HR estimation NOS
score

Xian-Shuo Cheng 2014 China 213 62 IHC 61 months Score>4 Survival curves for
OS

8

Zhi-Yuan Chen 2014 China 176 58 Magnetic
Beads

19.6
months

9.58 pg/mL HR for OS 6

Maressa A.
Bruhn

2014 Australia 155 NA MPA 30.2
months

1.21 pg/mL HR for OS 5

Trevor D
Hamilton

2014 Canada 70 61 MPA 20 months NA HR for OS 7

Yingmiao Liu 2013 America 38 53.5 ELISA 40 months NA HR for OS 6

Shimazaki J 2013 Japan 46 70.3 ELISA NA 8.0 pg/ml HR for OS 6

Stefanie Bunger* 2012 Germany 164 69.6 biochips NA 39.5pg/ml NA 7

T Kantola 2012 Finland 115 67.9 Cytokine Panel NA NA NA 7

ZHI YAN* 2012 China 48 58.6 PCR 80 months NA HR for OS 7

Oladipo 2011 The UK 228 64 IHC 68 months �2 cores
positive

HR for OS 8

Dietrich Doll 2010 Germany 90 64 PCR 76 months 2.41a Survival curves for
OS

8

Charles Bailey 2007 The UK 22 NA RPA NA Grade>2 NA 6

Daniel
Vallbohmer

2005 America 33 64 PCR 7.1 months 4.81*10^-3b HR for OS 6

H. Terada 2005 Japan 87 NA ELISA 60 months 3,000 pg/mg HR for OS 7

TAKASHI UEDA 1994 Japan 24 NA ELISA NA 50% NA 6

IHC, immunohistochemistry; MPA, multiplex protein assay; RPA, ribonuclease protection assay; HR, hazard ratio; OS, overall survival; NOS, Newcastle–

Ottawa quality assessment scale
a Relative to hypoxanthine-phosphoribosyl-transferase
b Relative to β-actin

*Date from the same study mentioned before.

doi:10.1371/journal.pone.0123484.t002
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significantly correlated with poor prognosis for stage IV CRC patients. Additionally, in sub-
group analysis based on the source of IL-8, poor OS in CRC was correlated with the overex-
pression of IL-8 in serum, with the pooled HR of 2.13(95%CI 1.49–3.05, I2 = 0%) (Fig 2C).

We also performed subgroup analysis by study location, study size, median age and follow-
up, it indicated a significant correlation between high IL-8 expression and poor prognosis in
Asian studies, with the pooled HR of 2.17(95%CI 1.61–2.94, I2 = 0%), while not for studies
from other areas. And high IL-8 expression was also significantly correlated with poor progno-
sis in median age�60 subgroup and follow-up�60 months subgroup, with the pooled HR of
2.17(95%CI 1.50–3.13, I2 = 0%) and 1.93(95%CI 1.15–3.23, I2 = 67.1%) respectively (S1
Table).

Correlation between IL-8 and clinicopathological parameters
The meta-analysis also evaluated the correlation between IL-8 expression and clinicopathologi-
cal characteristics of CRC. High level of IL-8 was significantly correlated with advanced stage
(UICC stage), with the OR of 3.01 (95%CI 1.98–4.56, I2 = 43.1%, fixed effect) (Fig 3A). In ad-
dition, high IL-8 expression was significantly associated with lymphatic metastasis (OR = 2.24,
95%CI 1.39–3.63, I2 = 0%, fixed effect) (Fig 3B), and liver metastasis (OR = 3.47, 95%CI
1.74–6.89, I2 = 0%, fixed effect) (Fig 3C), indicating that IL-8 might be a potential indicator for
metastasis of colorectal cancer. However, there was no significant correlation between IL-8 ex-
pression and differentiation (poor vs well; OR = 1.04, 95%CI 0.58–1.87, I2 = 0%, fixed effect),
gender (male vs female; OR = 1.31, 95%CI 0.90–1.90, I2 = 23%, fixed effect), age (older vs
younger; OR = 1.07, 95%CI 0.69–1.64, I2 = 0%, fixed effect), and site (rectum vs colon;
OR = 1.35, 95%CI 0.88–2.06, I2 = 35%, fixed effect)(S2 Table).

Diagnostic accuracy of IL-8 for diagnosing colorectal cancer
5 studies were included for evaluating the diagnostic accuracy of IL-8. The Spearman test
showed there was no threshold effect (Spearman correlation coefficient = 0.500, p = 0.391).
The pooled sensitivity was 0.70(95%CI 0.66–0.74), specificity was 0.91(95%CI 0.86–0.94), posi-
tive likelihood ratio (LR) was 7.00(95%CI 2.48–19.73), negative LR was 0.24(95%CI 0.09–
0.64), diagnostic OR was 34.93(95%CI 6.40–190.70)(Table 3). Summary receiver operating
characteristic curve (SROC curve) was shown in Fig 4, with the AUC of 0.92. Meta regression
was used for finding the source of heterogeneity, and quality (with QUADAS scores), design
(with or without blind and random) and methods (such as source of IL-8, detecting methods)
did not reach statistical significance. And with sensitivity analysis, we found if we deleted an ar-
ticle (Stefanie Bunger), the heterogeneity could significantly drop down (Table 4), thus it
might be the source of heterogeneity. The SROC curve and the area under the curve indicated
that IL-8 represented a high level of diagnostic accuracy.

Publication bias
Begg’s test and Deeks’ funnel plot asymmetry test indicated there was no proof of obvious
publication bias after evaluating the funnel plot for the studies included in the meta-analysis
(S1 and S2 Figs).

Fig 2. Forest plot of Hazard ratio (HR) for the association between Interleukin-8 and overall survival
(OS). A. HRs with corresponding 95% CIs of Interleukin-8 expression with OS. B. HRs with corresponding
95% CIs of Interleukin-8 expression in stage IV colorectal cancer patients with OS.C. Subgroup analysis of
HRs with corresponding 95% CIs of serum source Interleukin-8 expression with OS. HR>1 implied worse
survival for the group.

doi:10.1371/journal.pone.0123484.g002
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Discussion
Tumor growth and metastasis are affected by a group of soluble mediators called chemokines,
and there is growing evidence that by regulating balance between angiogenic and anti-angio-
genic, chemokines could affect the outgrowth or shrinkage of tumors[3]. IL-8 is a member of
CXC chemokine family, and has been reported to be associated with various cancers, such as
gastric cancer, colorectal cancer[35]. In addition, IL-8 was reported to be able to activate the
classical MAPK signaling cascade, with downstream phosphorylation of Erk1/2 in neutrophils
and cancer cells. And by IL-8, activation of MAPK signaling is consistent with the improve-
ment of proliferation and survival for various types of cells[37]. What’s more, stimulated with
IL-8, focal adhesion kinase (FAK) and Src-kinases are also activated in cancer cells, which are
also consistent with the improvement of proliferation, survival, and chemoresistance[37, 38].
Many studies were performed to evaluate the correlation between IL-8 and colorectal cancer,
but the accurate relation hasn’t been confirmed sufficiently.

To our knowledge, this meta-analysis is the first study to systematically evaluate the impact
of IL-8 expression on prognostic factors, and clinicopathological features in colorectal cancer.

In our study, 15 studies were included to assess the association between IL-8 expression and
clinicopathologic features or prognosis of colorectal cancer, and 5 were for diagnostic evalua-
tion. Finally, we found high level of IL-8 indicated poor prognosis in colorectal cancer, espe-
cially for UICC stage IV CRC patients. It suggested that IL-8 might be an efficient predictor of
poor OS, especially for mCRC patients. And high IL-8 expression was significantly associated
with poor overall survival in Asian countries, while not in other countries. It indicated that IL-
8 overexpression seemed to be correlated with unfavorable prognosis and tumor progress in
Asian colorectal cancer patients. In addition, Overexpression of IL-8 was significantly correlat-
ed with poor prognosis in median age�60 subgroup, suggesting that IL-8 might indicate unfa-
vorable prognosis in younger CRC patients. What’s more, we found that high IL-8 level in
serum was significantly correlated with poor prognosis, indicating it might be a potential con-
venient and efficient method for predicting prognosis of colorectal cancer and have a good
clinical application value. The liver is the most common site of colorectal cancer metastases, af-
fecting approximately 25–35% of all[39]. Thus we choose liver metastasis as a representative
for evaluating the correlation between IL-8 expression and colorectal cancer metastases. And
significant correlations were observed between high IL-8 expression and advanced stage, lym-
phatic metastasis and liver metastasis, indicating IL-8 might be a potential indicator for tumor

Fig 3. Forest plot of Odds ratio (OR) for the association between Interleukin-8 and clinicopathological
features. A.ORs with corresponding 95% CIs of Interleukin-8 expression with UICC stage.B.ORs with
corresponding 95% CIs of Interleukin-8 expression with lymphatic metastasis. C.ORs with corresponding
95% CIs of Interleukin-8 expression with liver metastasis. OR>1 implied significant correlations between IL-8
and advanced stage, lymphatic metastasis, and liver metastasis.

doi:10.1371/journal.pone.0123484.g003

Table 3. Diagnostic parameters of IL-8 for detecting colorectal cancer.

Parameters Pooled ratio Low value of 95%CI High value of 95%CI I square Model used

Sensitivity 0.70 0.66 0.74 96.8% Random effect model

Specificity 0.91 0.86 0.94 78.2% Random effect model

Positive LR 7.00 2.48 19.73 80.7% Random effect model

Negative LR 0.24 0.09 0.64 97.9% Random effect model

Diagnostic OR 34.93 6.40 190.70 85.9% Random effect model

LR: likelihood ratio; OR: odds ratio; CI: confidence interval.

doi:10.1371/journal.pone.0123484.t003
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progress and metastasis. We further found IL-8 had high diagnostic accuracy, suggesting that it
might be a potential indicator for both detecting colorectal cancer early and predicting progno-
sis properly.

Fig 4. The Summary receiver operating characteristic (SROC) curve of Interleukin-8 for detecting colorectal cancer. The AUC is 0.92.

doi:10.1371/journal.pone.0123484.g004

Table 4. Sensitivity analysis of IL-8 for diagnostic evaluation.

Study omitted Pooled diagnostic OR Low value of 95%CI High value of 95%CI I square

George Sgourakis 39.15 4.40 348.22 89.4%

Zhang Pengjun 21.76 3.92 120.70 82.8%

Stefanie Bunger 68.71 25.72 183.54 38.0%

ZHI YAN 32.41 3.65 288.05 88.9%

J. Kaminska 27.82 4.00 193.64 88.3%

doi:10.1371/journal.pone.0123484.t004
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Hu et al. (2012) preformed a meta-analysis which indicated there was no obvious associa-
tion between Interleukin-8-251 T>A polymorphism and colorectal cancer risk[40]. However,
we think this is not conflict with our findings that IL-8 might be a potential indicator for both
detecting colorectal cancer early and predicting prognosis properly. Polymorphism of IL-8 is
thought to be able to influence production and expression of IL-8, while it isn’t the unique
cause to affect the expression of IL-8. IL-8 could also be affected by various reasons, and in the
context of a tumor, IL-8 could be induced, and is known to participate in cancer progression
by promoting the angiogenic response, the recruitment of neutrophils to the site of the tumor,
and the proliferation, survival and migration of tumor cells[41, 42]. Furthermore, for each per-
son the polymorphism will not vary, while the expression of IL-8 could change a lot according
to the condition. Thus the two conclusions don’t conflict.

Jin et al. (2014) studied the diagnostic value of IL-8 in colorectal cancer and thought IL-8
was a promising biomarker for CRC detection[43]. However, by including the study published
by Kantola et al. (2012) [24], they extracted data from a ROC curve that was established for
multiple serum cytokines, not for IL-8 only. Thus we amended and updated the included arti-
cles, and the results might be more suitable for assessing the diagnostic value of IL-8 in
colorectal cancer.

Some limitations exist in the present meta-analysis. First, the number of included studies
was relatively small, mainly for the reason that IL-8 expression was a continuous variable, thus
some other studies just gave the mean value of IL-8 other than evaluated it with high or low,
and we were unable to assess it. Second, the methods for detecting IL-8 expression and the cut-
off values were various in the included studies, which could cause heterogeneity among the
studies. And we could not perform subgroup analysis to explore this impact for lack of suffi-
cient data. Third, as there was no acknowledged cut off point of IL-8, we just used the cutoff
point the original articles gave for diagnostic evaluation. And this cutoff point usually was clos-
est to the point with both maximum sensitivity and specificity, thus it would overestimated the
diagnostic accuracy of IL-8. But all included articles except for one indicated AUC of IL-8>0.8,
thus the bias wouldn’t be very large. Although the AUC of 0.92 demonstrated a high level of di-
agnostic accuracy, other data were suboptimal. This was mainly caused by a large heterogeneity
and relatively small numbers of study patients. To better evaluate the diagnostic accuracy of
IL-8, we need more studies with standard detecting methods and cutoff value.

In summary, high IL-8 expression was significantly correlated with poor prognosis in colo-
rectal cancer, especially for stage IV. And significant correlations were identified between high
IL-8 expression and poor prognosis in Asian, serum, age�60 and follow-up�60 months sub-
groups. Additionally, overexpression of IL-8 was significantly correlated with tumor stage,
lymphatic metastasis and liver metastasis. What’s more, IL-8 had high diagnostic accuracy.
Thus IL-8 might be a potential efficient indicator for both detecting cancers and predicting
prognosis.

Supporting Information
S1 PRISMA Checklist. PRISMA Checklist.
(DOC)

S1 Fig. Begg’s funnel plot for detecting publication bias. A. Begg’s funnel plot showed no sig-
nificant publication bias for studies assessing Interleukin-8 expression and OS in colorectal
cancer patients. B. Begg’s funnel plot showed no significant publication bias for studies assess-
ing Interleukin-8 expression and UICC stage in colorectal cancer patients. C. Begg’s funnel
plot showed no significant publication bias for studies assessing Interleukin-8 expression and
lymphatic metastasis in colorectal cancer patients.D. Begg’s funnel plot showed no significant

Prognosis and Diagnostic Value of IL-8 in CRC: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0123484 April 9, 2015 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123484.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123484.s002


publication bias for studies assessing Interleukin-8 expression and liver metastasis in colorectal
cancer patients.
(TIF)

S2 Fig. Deeks’ funnel plot asymmetry test for detecting publication bias. Deeks’ funnel plot
asymmetry test showed no significant publication bias in diagnostic tests.
(TIF)

S1 Table. Stratified analysis of pooled hazard ratios for colorectal cancer patients with IL-
8.
(DOCX)

S2 Table. Correlation between IL-8 expression and clinicopathological features.
(DOCX)

S1 Appendix. List of full-text excluded articles and reasons for exclusion.
(DOCX)

Author Contributions
Conceived and designed the experiments: PW JH. Performed the experiments: WX DW. Ana-
lyzed the data: WXWC. Contributed reagents/materials/analysis tools: CL ZZ ZC. Wrote the
paper: WX ZZ. Examined and revised the manuscript: WX JH.

References
1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA: a cancer journal for clinicians. 2013; 63

(1):11–30.

2. Connell W. PRO: Endoscopic surveillanceminimizes the risk of cancer. The American journal of gastro-
enterology. 2004; 99(9):1631–3. PMID: 15330891

3. Doll D, Keller L, Maak M, Boulesteix AL, Siewert JR, Holzmann B, et al. Differential expression of the
chemokines GRO-2, GRO-3, and interleukin-8 in colon cancer and their impact on metastatic disease
and survival. International journal of colorectal disease. 2010; 25(5):573–81. doi: 10.1007/s00384-010-
0901-1 PMID: 20162422

4. Poon RT, Fan ST, Wong J. Clinical significance of angiogenesis in gastrointestinal cancers: a target for
novel prognostic and therapeutic approaches. Annals of surgery. 2003; 238(1):9–28. PMID: 12832961

5. Yoshimura T, Matsushima K, Oppenheim JJ, Leonard EJ. Neutrophil chemotactic factor produced by li-
popolysaccharide (LPS)-stimulated human blood mononuclear leukocytes: partial characterization and
separation from interleukin 1 (IL 1). Journal of immunology. 1987; 139(3):788–93. PMID: 3298433

6. Rossi D, Zlotnik A. The biology of chemokines and their receptors. Annual review of immunology. 2000;
18:217–42. PMID: 10837058

7. Maeda S, Omata M. Inflammation and cancer: role of nuclear factor-kappaB activation. Cancer sci-
ence. 2008; 99(5):836–42. doi: 10.1111/j.1349-7006.2008.00763.x PMID: 18294278

8. Terada H, Urano T, Konno H. Association of interleukin-8 and plasminogen activator system in the pro-
gression of colorectal cancer. European surgical research Europaische chirurgische Forschung
Recherches chirurgicales europeennes. 2005; 37(3):166–72. PMID: 16088182

9. Huang S, Mills L, Mian B, Tellez C, McCarty M, Yang XD, et al. Fully humanized neutralizing antibodies
to interleukin-8 (ABX-IL8) inhibit angiogenesis, tumor growth, and metastasis of humanmelanoma.
The American journal of pathology. 2002; 161(1):125–34. PMID: 12107097

10. Masuya D, Huang C, Liu D, Kameyama K, Hayashi E, Yamauchi A, et al. The intratumoral expression
of vascular endothelial growth factor and interleukin-8 associated with angiogenesis in nonsmall cell
lung carcinoma patients. Cancer. 2001; 92(10):2628–38. PMID: 11745198

11. Vandercappellen J, Van Damme J, Struyf S. The role of CXC chemokines and their receptors in cancer.
Cancer letters. 2008; 267(2):226–44. doi: 10.1016/j.canlet.2008.04.050 PMID: 18579287

12. Oladipo O, Conlon S, O'Grady A, Purcell C, Wilson C, Maxwell PJ, et al. The expression and prognostic
impact of CXC-chemokines in stage II and III colorectal cancer epithelial and stromal tissue. British jour-
nal of cancer. 2011; 104(3):480–7. doi: 10.1038/sj.bjc.6606055 PMID: 21285972

Prognosis and Diagnostic Value of IL-8 in CRC: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0123484 April 9, 2015 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123484.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123484.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123484.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123484.s006
http://www.ncbi.nlm.nih.gov/pubmed/15330891
http://dx.doi.org/10.1007/s00384-010-0901-1
http://dx.doi.org/10.1007/s00384-010-0901-1
http://www.ncbi.nlm.nih.gov/pubmed/20162422
http://www.ncbi.nlm.nih.gov/pubmed/12832961
http://www.ncbi.nlm.nih.gov/pubmed/3298433
http://www.ncbi.nlm.nih.gov/pubmed/10837058
http://dx.doi.org/10.1111/j.1349-7006.2008.00763.x
http://www.ncbi.nlm.nih.gov/pubmed/18294278
http://www.ncbi.nlm.nih.gov/pubmed/16088182
http://www.ncbi.nlm.nih.gov/pubmed/12107097
http://www.ncbi.nlm.nih.gov/pubmed/11745198
http://dx.doi.org/10.1016/j.canlet.2008.04.050
http://www.ncbi.nlm.nih.gov/pubmed/18579287
http://dx.doi.org/10.1038/sj.bjc.6606055
http://www.ncbi.nlm.nih.gov/pubmed/21285972


13. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-
domized studies in meta-analyses. European journal of epidemiology. 2010; 25(9):603–5. doi: 10.
1007/s10654-010-9491-z PMID: 20652370

14. Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of QUADAS: a tool for
the quality assessment of studies of diagnostic accuracy included in systematic reviews. BMCmedical
research methodology. 2003; 3:25. PMID: 14606960

15. Parmar MK, Torri V, Stewart L. Extracting summary statistics to performmeta-analyses of the published
literature for survival endpoints. Statistics in medicine. 1998; 17(24):2815–34. PMID: 9921604

16. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for incorporating summary
time-to-event data into meta-analysis. Trials. 2007; 8:16. PMID: 17555582

17. Handoll HH. Systematic reviews on rehabilitation interventions. Archives of physical medicine and re-
habilitation. 2006; 87(6):875. PMID: 16731227

18. Ioannidis JP, Patsopoulos NA, Evangelou E. Uncertainty in heterogeneity estimates in meta-analyses.
Bmj. 2007; 335(7626):914–6. PMID: 17974687

19. Mantel N, Haenszel W. Statistical aspects of the analysis of data from retrospective studies of disease.
Journal of the National Cancer Institute. 1959; 22(4):719–48. PMID: 13655060

20. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. Bmj.
2003; 327(7414):557–60. PMID: 12958120

21. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical
test. Bmj. 1997; 315(7109):629–34. PMID: 9310563

22. Bunger S, Klempt-Giessing K, Toner V, Kelly M, FitzGerald SP, Brenner H, et al. A novel multiplex-pro-
tein array for serum diagnostics of colorectal cancer: impact of pre-analytical storage conditions. Bio-
preservation and biobanking. 2013; 11(6):379–86. doi: 10.1089/bio.2013.0050 PMID: 24835368

23. Pengjun Z, XinyuW, Feng G, Xinxin D, Yulan L, Juan L, et al. Multiplexed cytokine profiling of serum for
detection of colorectal cancer. Future oncology. 2013; 9(7):1017–27. doi: 10.2217/fon.13.71 PMID:
23837764

24. Kantola T, Klintrup K, Vayrynen JP, Vornanen J, Bloigu R, Karhu T, et al. Stage-dependent alterations
of the serum cytokine pattern in colorectal carcinoma. British journal of cancer. 2012; 107(10):1729–36.
doi: 10.1038/bjc.2012.456 PMID: 23059742

25. Vallbohmer D, ZhangW, Gordon M, Yang DY, Yun J, Press OA, et al. Molecular determinants of cetuxi-
mab efficacy. Journal of clinical oncology: official journal of the American Society of Clinical Oncology.
2005; 23(15):3536–44.

26. Yan Z, Li J, Xiong Y, XuW, Zheng G. Identification of candidate colon cancer biomarkers by applying a
random forest approach on microarray data. Oncology reports. 2012; 28(3):1036–42. doi: 10.3892/or.
2012.1891 PMID: 22752057

27. Hamilton TD, Leugner D, Kopciuk K, Dixon E, Sutherland FR, Bathe OF. Identification of prognostic in-
flammatory factors in colorectal liver metastases. BMC cancer. 2014; 14:542. doi: 10.1186/1471-2407-
14-542 PMID: 25069793

28. Chen ZY, HeWZ, Peng LX, Jia WH, Guo RP, Xia LP, et al. A prognostic classifier consisting of 17 circu-
lating cytokines is a novel predictor of overall survival for metastatic colorectal cancer patients. Interna-
tional journal of cancer Journal international du cancer. 2014.

29. Cheng XS, Li YF, Tan J, Sun B, Xiao YC, Fang XB, et al. CCL20 and CXCL8 synergize to promote pro-
gression and poor survival outcome in patients with colorectal cancer by collaborative induction of the
epithelial-mesenchymal transition. Cancer letters. 2014; 348(1–2):77–87. doi: 10.1016/j.canlet.2014.
03.017 PMID: 24680709

30. Liu Y, Starr MD, Bulusu A, Pang H, Wong NS, Honeycutt W, et al. Correlation of angiogenic biomarker
signatures with clinical outcomes in metastatic colorectal cancer patients receiving capecitabine, oxali-
platin, and bevacizumab. Cancer medicine. 2013; 2(2):234–42. doi: 10.1002/cam4.71 PMID:
23634291

31. Shimazaki J, Goto Y, Nishida K, Tabuchi T, Motohashi G, Ubukata H, et al. In patients with colorectal
cancer, preoperative serum interleukin-6 level and granulocyte/lymphocyte ratio are clinically relevant
biomarkers of long-term cancer progression. Oncology. 2013; 84(6):356–61. doi: 10.1159/000350836
PMID: 23689116

32. Bruhn MA, Townsend AR, Khoon Lee C, Shivasami A, Price TJ, Wrin J, et al. Proangiogenic tumor pro-
teins as potential predictive or prognostic biomarkers for bevacizumab therapy in metastatic colorectal
cancer. International journal of cancer Journal international du cancer. 2014; 135(3):731–41. doi: 10.
1002/ijc.28698 PMID: 24374727

33. Kaminska J, Nowacki MP, Kowalska M, Rysinska A, Chwalinski M, Fuksiewicz M, et al. Clinical signifi-
cance of serum cytokine measurements in untreated colorectal cancer patients: soluble tumor necrosis

Prognosis and Diagnostic Value of IL-8 in CRC: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0123484 April 9, 2015 13 / 14

http://dx.doi.org/10.1007/s10654-010-9491-z
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://www.ncbi.nlm.nih.gov/pubmed/14606960
http://www.ncbi.nlm.nih.gov/pubmed/9921604
http://www.ncbi.nlm.nih.gov/pubmed/17555582
http://www.ncbi.nlm.nih.gov/pubmed/16731227
http://www.ncbi.nlm.nih.gov/pubmed/17974687
http://www.ncbi.nlm.nih.gov/pubmed/13655060
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://dx.doi.org/10.1089/bio.2013.0050
http://www.ncbi.nlm.nih.gov/pubmed/24835368
http://dx.doi.org/10.2217/fon.13.71
http://www.ncbi.nlm.nih.gov/pubmed/23837764
http://dx.doi.org/10.1038/bjc.2012.456
http://www.ncbi.nlm.nih.gov/pubmed/23059742
http://dx.doi.org/10.3892/or.2012.1891
http://dx.doi.org/10.3892/or.2012.1891
http://www.ncbi.nlm.nih.gov/pubmed/22752057
http://dx.doi.org/10.1186/1471-2407-14-542
http://dx.doi.org/10.1186/1471-2407-14-542
http://www.ncbi.nlm.nih.gov/pubmed/25069793
http://dx.doi.org/10.1016/j.canlet.2014.03.017
http://dx.doi.org/10.1016/j.canlet.2014.03.017
http://www.ncbi.nlm.nih.gov/pubmed/24680709
http://dx.doi.org/10.1002/cam4.71
http://www.ncbi.nlm.nih.gov/pubmed/23634291
http://dx.doi.org/10.1159/000350836
http://www.ncbi.nlm.nih.gov/pubmed/23689116
http://dx.doi.org/10.1002/ijc.28698
http://dx.doi.org/10.1002/ijc.28698
http://www.ncbi.nlm.nih.gov/pubmed/24374727


factor receptor type I—an independent prognostic factor. Tumour biology: the journal of the Internation-
al Society for Oncodevelopmental Biology and Medicine. 2005; 26(4):186–94. PMID: 16006772

34. Ueda T, Shimada E, Urakawa T. Serum levels of cytokines in patients with colorectal cancer: possible
involvement of interleukin-6 and interleukin-8 in hematogenous metastasis. Journal of gastroenterolo-
gy. 1994; 29(4):423–9. PMID: 7951851

35. Sgourakis G, Papapanagiotou A, Kontovounisios C, Karamouzis MV, Dedemadi G, Goumas C, et al.
The combined use of serum neurotensin and IL-8 as screening markers for colorectal cancer. Tumour
biology: the journal of the International Society for Oncodevelopmental Biology and Medicine. 2014; 35
(6):5993–6002. doi: 10.1007/s13277-014-1794-3 PMID: 24627130

36. Bailey C, Negus R, Morris A, Ziprin P, Goldin R, Allavena P, et al. Chemokine expression is associated
with the accumulation of tumour associated macrophages (TAMs) and progression in human colorectal
cancer. Clinical & experimental metastasis. 2007; 24(2):121–30.

37. Gales D, Clark C, Manne U, Samuel T. The Chemokine CXCL8 in Carcinogenesis and Drug Response.
ISRN oncology. 2013; 2013:859154. doi: 10.1155/2013/859154 PMID: 24224100

38. Karin M, Greten FR. NF-kappaB: linking inflammation and immunity to cancer development and pro-
gression. Nature reviews Immunology. 2005; 5(10):749–59. PMID: 16175180

39. Finlay IG, McArdle CS. Occult hepatic metastases in colorectal carcinoma. The British journal of sur-
gery. 1986; 73(9):732–5. PMID: 3756437

40. Hu LX, Du YY, Zhang Y, Pan YY. Lack of association between interleukin-8-251 T>A polymorphism
and colorectal cancer risk: a meta-analysis based on 3,019 cases and 3,984 controls. Asian Pacific
journal of cancer prevention: APJCP. 2012; 13(10):5075–9. PMID: 23244113

41. Atta ur R, Harvey K, Siddiqui RA. Interleukin-8: An autocrine inflammatory mediator. Current pharma-
ceutical design. 1999; 5(4):241–53. PMID: 10101223

42. Palena C, Hamilton DH, Fernando RI. Influence of IL-8 on the epithelial-mesenchymal transition and
the tumor microenvironment. Future oncology. 2012; 8(6):713–22. doi: 10.2217/fon.12.59 PMID:
22764769

43. Jin WJ, Xu JM, XuWL, Gu DH, Li PW. Diagnostic value of interleukin-8 in colorectal cancer: a case-
control study and meta-analysis. World journal of gastroenterology: WJG. 2014; 20(43):16334–42. doi:
10.3748/wjg.v20.i43.16334 PMID: 25473192

Prognosis and Diagnostic Value of IL-8 in CRC: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0123484 April 9, 2015 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/16006772
http://www.ncbi.nlm.nih.gov/pubmed/7951851
http://dx.doi.org/10.1007/s13277-014-1794-3
http://www.ncbi.nlm.nih.gov/pubmed/24627130
http://dx.doi.org/10.1155/2013/859154
http://www.ncbi.nlm.nih.gov/pubmed/24224100
http://www.ncbi.nlm.nih.gov/pubmed/16175180
http://www.ncbi.nlm.nih.gov/pubmed/3756437
http://www.ncbi.nlm.nih.gov/pubmed/23244113
http://www.ncbi.nlm.nih.gov/pubmed/10101223
http://dx.doi.org/10.2217/fon.12.59
http://www.ncbi.nlm.nih.gov/pubmed/22764769
http://dx.doi.org/10.3748/wjg.v20.i43.16334
http://www.ncbi.nlm.nih.gov/pubmed/25473192


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


