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Purpose: Interleukin-6 (IL-6) plays an important role in human colorectal cancer (CRC)
development. However, the exact clinical and prognostic significance of IL-6 in CRC is still
unclear. Here, we conducted this meta-analysis to explore this issue in detail.

Methods: A meta-analysis was performed to clarify the association between serum IL-6 expres-
sion and clinical outcomes in articles published up to June 2015. Weighted mean difference
(WMD) and its corresponding 95% confidence interval (CI) were used to assess the association
between serum IL-6 expression and the clinicopathological characteristics of CRC. Hazard ratio
(HR) with 95% CI was used to quantify the predictive value of IL-6 on CRC prognosis.
Results: Fourteen studies comprising 1,245 patients were included. Analysis of these data
showed that serum IL-6 expression was highly correlated with poor 5-year overall survival
(OS) rate (HR =0.43, 95% CI: 0.31-0.59, P=0.755). Simultaneously, we also found that serum
IL-6 expression was associated with certain clinical parameters of CRC, such as tumor invasion
(T category: TO-T2, T3-T4) (WMD =3.15, 95% CI: 1.92-4.39, P=0.816), distant metastasis
(M category: M0, M1) (WMD =4.69, 95% CI: 3.33-6.06, P=0.377), and tumor stage (I-II,
1I-1V) (WMD =2.65, 95% CI: 1.09—4.21, P=0.066).

Conclusion: A high serum IL-6 expression is associated with adverse OS in CRC. The
IL-6 expression can be an important supplement in establishing prognostic score for clinical
decision.
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Introduction

Colorectal cancer (CRC) is a worldwide disease which is the third most common cause
of cancer in both women and men and is also the third most common cause of cancer
death after lung and prostate cancer in men and lung and breast cancer in women.'
Inflammation plays an important role in CRC development, including tumor initiation,
progression, and metastasis. Numerous inflammatory cytokines have been regarded as
potential diagnostic and prognostic markers in CRC. Among these, interleukin-6 (IL-6)
seems to be of central importance in human CRC development. IL-6, a 184-amino acid
protein with a molecular weight of approximately 20.3 kDa, is a pleiotropic cytokine
produced by multiple cells, including monocytes, macrophages, and others cells such
as fibroblasts, keratinocytes, endothelial cells, lymphocytes, and tumor cells.? It plays
a crucial role in regulating the inflammation and immune responses.’ Lahm et al first
found that IL-6 had a growth-promoting effect on CRC cell lines in vitro in 1992.*
Chung and Chang’ revealed that levels of IL-6 were elevated in the serum and tumor
tissues of CRC patients. Moreover, IL-6 expression level is gradually elevated during
the progression from colorectal adenoma to carcinoma.®
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Nowadays, we know that IL-6 signaling has two
significant pathways. IL-6 can bind to its receptor (IL-6R )
on the cell surface in classic signaling pathway, or binds to
soluble IL-6 receptor (sIL-6R) in trans-signaling pathway,
and then form a hexameric signaling complex including core-
ceptor gp130 (glycoprotein 130, IL-6RB) homodimer and two
IL-6-IL-6R heterodimers, thus activating the Janus kinase
(JAK)-signal transducer and activator of transcription 3
(STAT3) pathway, which regulates tumor proliferation,
prevents apoptosis and induces tumor angiogenesis.” * Many
researchers have approved that IL-6-JAK-STATS3 signaling
plays an important role in multiple tumor models including
breast, lung, colon, ovarian, and prostate cancer.' IL-6R«
is only expressed on a limited number of cell types, such as
hepatocytes, megakaryocytes and monocytes, macrophages,
B-cells, and T-cells, while sIL-6R exists throughout the body.
It is suggested that proinflammatory effects of IL-6 are mainly
attributed to trans-signaling pathway, while the classic signal-
ing pathway contributes to anti-inflammatory effects.!

In consideration of the important role of IL-6 in tumor
development, many researchers were involved in doing
related studies, including correlating IL-6 expression with
risk, clinicopathological features, and prognosis of CRC.
The associated data seemed inconsistent. Several previous
meta-analyses which investigated the association between
serum IL-6 expressions with CRC risk showed no signifi-
cant correlation.!>'* However, the clinical significance and
accurate prognostic value of IL-6 in CRC have not been fully
assessed. Therefore, we conducted the first meta-analysis
aiming to evaluate the value of serum IL-6 as a prognostic
marker for CRC and to research the relationship between
serum IL-6 and clinical stage of CRC.

Materials and methods

Publication search

This meta-analysis was conducted based on Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses state-
ment guidelines.'® We searched literature from electronic
databases PubMed, MEDLINE, and ISI Web of Science
up to June 2015. The search terms included “(interleukin 6
or IL-6) and (colorectal or colon or rectal) and (carcinoma
or tumor or cancer or neoplasm)”. The reference lists and
supplemental materials associated with the studies and
review articles were examined manually to further identify
any additional relevant publications.

Selection criteria
The studies aiming to explore the association between serum
IL-6 expression and CRC were included. The inclusion

criteria were as follows: 1) articles evaluating the relationship
between preoperative serum IL-6 expression and parameters
such as clinicopathological features including Tumor Node
Metastasis classification and survival outcome of CRC and
2) full text, original research articles published in English.

Articles were excluded from the analyses based on the
following criteria: 1) they were letters to the editor, reviews,
comments, duplicated studies, and articles published in
books; 2) papers were published in non-English language;
3) the articles focused on the tissue IL-6 expression; 4) the
patients included in the studies underwent preoperative
chemotherapy (neoadjuvant chemotherapy); 5) insufficient
data was extracted from the articles or the full text could
not be found.

Data extraction

All data were extracted independently by two investigators.
Any further uncertainties were addressed by joint inspec-
tion of the papers and discussion. The following data were
obtained from each article: the first author; publication year;
country; number of patients; method of IL-6 detection; serum
IL-6 expression of different T category, N category, distant
metastasis (liver metastasis), and tumor stage (I-11, [II-1V);
the cut-off value of IL-6; and most importantly, the 5-year
overall survival (OS) and the 3-year disease-free survival
(DFS) rate. The quality of studies was evaluated according
to the Newcastle—Ottawa scale.!”

The T, N, M category was determined according to the
American Joint Committee on Cancer guidelines. Because
the cut-off value for IL-6 expression varied among studies,
we defined IL-6-high expression values with respect to the
original articles. To avoid bias from some studies that had
very long-term follow-up data, OS was standardized to
include 5 years of follow-up, while DFS was standardized
to include 3 years of follow-up in the included studies. If
included articles only provided survival data in a Kaplan—
Meier curve, the software GetDataGraph Digitizer 2.24
(http://getdata-graph-digitizer.com/) was used to extract
the data.

Data analysis

The guidelines proposed by the Meta-Analysis of Observa-
tional Studies in Epidemiology group were applied in the
statistical analyses. Because most of the including studies
compared serum IL-6 expression quantity in different T, N,
M category with its stage, weighted mean difference (WMD)
with 95% confidence interval (CI) was used to assess the
association between IL-6 expression level and clinicopatho-
logical characteristics of CRC. Hazard ratios (HR) and their
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95% Cls were used to quantify the predictive ability of IL-6
expression level on CRC prognosis. WMD with 95% CI and
HR with 95% CI were calculated using STATA 12.0 (Stata
Corp LP, College Station, TX, USA). The heterogeneity
among the studies was measured using the O-test and I test.
Both fixed- and random-effects models could be used in the
absence of heterogeneity, but random-effects models were
more appropriate when heterogeneity was present. The pub-
lication bias was assessed by Begg rank correlation method
(software Stata 12.0). All P-values were for a two-sided test
and P<<0.05 was considered statistically significant.

Results

Search results

The detailed steps of article identification and inclusion and
exclusion criteria are described in Figure 1. In the initial
search, 2,052 published articles were identified according to
the search strategies. After screening the titles and abstracts,
1,383 articles were excluded because they were beyond
the scope of the study (eg, pathological features, OS, or
DFS). Among the rest of included articles, 655 studies were
excluded because their focus was on IL-6 mRNA, gene
polymorphism, signaling pathway, review, experimental
animal models, serum IL-6 level after chemotherapy, and
non-English articles. Finally, using explicit inclusion and
exclusion criteria mentioned above, a total of 14 eligible
studies were included in the final meta-analysis.

Characteristics of eligible studies

The details of the 14 eligible studies are listed in Table 1. Of
these 14 publications, 11 studies assessed the relationships
between serum IL-6 expression and CRC clinicopathologic
features, while 7 studies evaluated the association of IL-6
expression and CRC prognosis (OS and DFS). Approxi-
mately 1,245 participants were enrolled with a median sample
size of 89 (range from 24 to 208) per study. Among them, 7
were from East Asia, including Japan (3), China (2), Korea
(2), and 1 was from Middle East Iran; 5 were from Europe,
including Poland (2), Italy (1), Finland (1), and Greece (1);
1 was from Egypt, Africa. We did not obtain any studies from
North and South America. Enzyme-linked immunosorbent
assay (ELISA) method was adopted in all the included studies
except one study where Bio-Plex premanufactured 27-Plex
Cytokine Panel (Bio-Rad, Hercules, CA, USA) was used,
which shares the same mechanism with ELISA. Meanwhile,
the quality of the 14 included studies was considered acces-
sible according to the Newcastle—Ottawa scale.'®

Correlation of serum IL-6 expression

with clinicopathological parameters

Serum IL-6 expression was associated with certain clinical
parameters of CRC such as tumor category (T category:
T0-2, T3-4) (WMD =3.15, 95% CI: 1.92-4.39, P=0.816,
and ”=0.0% fixed effect), distant metastasis (M category:
MO, M1) (WMD =4.69, 95% CI: 3.33-6.06, P=0.377,

2,052 articles identified in PubMed, MEDLINE, and ISI Web of
Science, by using the search terms: “interleukin 6” or “IL-6” and
“colorectal cancer” or “colon cancer” or “rectal cancer”

| 1,383 articles were excluded, because the titles
were not relevant for the end point of the study

y

669 articles eligible for inclusion in the
meta-analysis

655 articles were excluded for the following reasons:

¢ |[L-6 mRNA and gene polymorphism (37)

» Signaling pathway and associated experiments (319)
.| ¢ Experimental animal models (211)

"| e Reviews (33)

* Non-English papers (27)

 |L-6 concentration detection after chemotherapy (26)
o Intratumoral IL-6 concentration detection (2)

y

14 articles included in the meta-analysis of
interleukin 6 and colorectal cancer

Figure | Flowchart of the selection of the studies for inclusion in the meta-analysis.
Abbreviation: IL-6, interleukin-6.
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and decrease the expression of the cyclin-dependent kinase
(Cdk) inhibitor p21.2°2 [L-6 can also increase telomerase
activity, thus preventing cellular senescence.* Besides,
IL-6 can promote noncancer cells conversion into cancer

A IL-6 expression and T category (Tis—T2 vs T3-T4)

Study ID

WMD (95% Cl)

% weight

Shimazaki et al*®

Eldesoky et al*! —

Kwon et al*?

Yeh et al® "
Groblewska et al® &

Ueda et al*® ——-—

Overall (/2=0.0%, P=0.816)

<

3.81(1.54, 6.08) 29.51

3.06 (1.50,4.62)  62.73

-2.51(-11.95,6.93) 1.71

0.40 (-12.10, 12.90) 0.97

—0.90 (-15.07, 13.27) 0.76

3.56 (-2.37, 9.49) 4.33

3.

15 (1.92, 4.39) 100

T
-15.1

T
15.1

stem cells, which possess properties of self-renewal and
repopulation potential.® Furthermore, IL-6 can regulate
tumor cell proliferation by interacting with growth fac-
tor signaling, including epidermal growth factor family

0
B IL-6 expression and N category (NO vs N1-N2)
Study ID WMD (95% CI) % weight
Shimazaki et al*® —-— 2.62(-0.15,5.39) 36.78
Yeh et al® — = —6.80 (—14.96, 1.36) 15.66
Kwon et al“? —lmm 2.35 (-5.30, 10.00) 16.99
Groblewska et al*® 4.42 (-14.52, 23.36) 4.08
Chung and Chang? —-.-— 13.64 (3.09, 24.19) 10.91
Kinoshita et al* 0.00 (-32.77, 32.77) 1.45
Ueda et al*® ——-— 3.41(-5.41,12.23) 14.13
Overall (/2=36.0%, P=0.154) <© 2.45(-1.56,6.46) 100
.

T
-32.8

0 328
C IL-6 expression and distant metastasis (M0 vs M1)
Study ID WMD (95% CI) % weight
Shimazaki et al* = 6.27 (1.55, 10.99) 8.33
Eldesoky et al*! . 4.35 (2.89, 5.81) 87.81
Yeh et al® ._ 270 (-9.72,15.12)  1.21
Groblewska et al*s e 9.20 (-12.53, 30.93)  0.39
Chung and Chang® PR 23.38(3.26,43.50)  0.46
Kinoshita et al*® 53.10 (—22.59, 128.79) 0.03
Ueda et al*® —— 8.86 (-1.41,19.13)  1.76
Overall (1=6.6%, P=0.377) ﬁ 4.69 (3.33, 6.06) 100
T “ T
-129 0 129

Figure 2 (Continued)
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D IL-6 expression and tumor stage (I/ll vs llI/IV)

Study ID WMD (95% CI) % weight
Shimazaki et al*® — 4.23 (1.59, 6.87) 19.71
Kwon et al*? —— 2.33(-8.05,12.71) 2.14

Yeh et al® -3.10 (-12.18,5.98) 2.76
Groblewska et al* —r————— 5.70 (-13.75, 25.15) 0.63
Dymicka-Piekarska et al* - 1.17 (-0.11, 2.45) 34.73
Esfandi et al*® - 3.47 (2.61, 4.33) 39.80
Kinoshita et al*® 13.77 (-19.28, 46.82) 0.22
Overall (12=49.2%, P=0.066) {) 2.65(1.09, 4.21) 100

—46|.8 0 42;.8

Figure 2 The forest plot of weighted mean difference in the meta-analysis.

Notes: Association between IL-6 and clinicopathological features such as tumor category (A), N category (B), distant metastasis (C), and tumor stage (D). Weights are
from random-effects analysis.

Abbreviations: IL-6, interleukin-6; Cl, confidence interval; TIS, carcinoma in situ; WMD, weighted mean difference.

A IL-6 expression and OS rate
Study ID HR (95% Cl) % weight
Shimazaki et al*® 0.24 (0.07,0.83) 6.61
Kwon et al*? 0.72 (0.18,2.78) 5.50
Yeh et al® —— 0.37 (0.20, 0.69) 26.35
Chung and Chang? _— 0.51(0.26, 0.99) 22.60
Belluco et al*’ —_— 0.44 (0.26,0.72) 38.94
Overall (12=0.0%, P=0.755) <> 0.43(0.31,0.59) 100
T T
0.07 1 14.3
B IL-6 expression and DFS rate
Study ID HR (95% CI) % weight
Lee et al®® el 0.11 (0.07,0.18) 40.15
Kwon et al*? 0.72 (0.18,2.78) 31.72
Nikiteas et al* 0.90(0.17,4.87) 28.13

0.36 (0.08, 1.72) 100

Overall (=82.1%, P=0.004) —\”/,\/—

. - . .
0.07 1 14.3
Figure 3 The forest plot of HR in the meta-analysis.

Notes: 5-year OS rate (A) and 3-year DFS rate (B). Weights are from random-effects analysis.

Abbreviations: DFS, disease-free survival; HR, hazard ratio; IL-6, interleukin-6; OS, overall survival; Cl, confidence interval.
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A Begg'’s funnel plot with pseudo 95%
confidence limits (T category funnel plot)
20 A
104
Q
=
s .
-10 4
T T T T T
0 2 4 6 8
SE of WMD
C Begg'’s funnel plot with pseudo 95%
confidence limits (distant metastasis funnel plot)
100 A
50 1
[a]
= 01
s
—50
_100 A T T T T T
0 10 20 30 40
SE of WMD

Figure 4 Begg’s test results of IL-6 and clinicopathological features.
Notes: T category (A), N category (B), distant metastasis (C), and tumor stage (D).

B Begg'’s funnel plot with pseudo 95%
confidence limits (N category funnel plot)
40
20
S
0 ~
=
—20
—40 1 T T T T T
0 5 10 15 20
SE of WMD
D Begg'’s funnel plot with pseudo 95%
confidence limits (tumor stage funnel stage)
40
20
S
0 -
=
—20 -
—40 L T T T T T
0 5 10 15 20
SE of WMD

Abbreviations: IL-6, interleukin-6; SE, standard error; WMD, weighted mean difference.

members and hepatocyte growth factor.?? IL-6 also provides
a key regulatory signal in the T-cell differentiation pathway,
downregulating T-lymphocytic function and impairing adap-
tive immune response, thus allowing tumor cells to escape
immune surveillance.*? All of these discoveries illustrated

Begg’s funnel plot with pseudo 95%
confidence limits (OS funnel plot)

log [HR]

—14

—24

T

0 0.2

0.4 0.6 0.8

SE of log [HR]

Figure 5 Begg’s test results of the 5-year OS rate.
Abbreviations: OS, overall survival; SE, standard error.

the protumor function of IL-6 via promoting tumor cell
growth inordinately and inhibiting apoptosis.

IL-6 has also been found to be significantly associated
with tumor local invasion and distant metastasis based on
the data from this meta-analysis. IL-6 can induce matrix
metalloproteinase (MMP)-2, MMP-7, and MMP-9, which
play a role in extracellular matrix degradation and tumor
invasion, via activation of the IL-6-JAK-STAT3 pathway. In
addition, IL-6 can lead to epithelial-mesenchymal transition,
which facilitates cancer cells invasion of other tissues and
blood vessels, thus causing distant metastases.?’ 3! Besides,
IL-6 also promotes local invasion and forms distant second-
ary tumor implants through its proangiogenic function mainly
via IL-6-JAK-STAT3 pathway, thus leading to hypoxia
inducible factor-1-mediated VEGF-A transcription, as well
as endothelial cell proliferation and migration.**

Nowadays, the pivotal role of IL-6/STAT3 signaling in
CRC development has attracted more and more attention.
Inhibiting IL-6 in tumor cells is likely to prevent tumor
invasion and metastasis. Several therapeutics inhibiting this
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pathway have been developed and have shown a promising
future for the treatment of human disease during recent years.
These include anti-IL-6 agents like siltuximab or anti-IL-6R
antibodies like tocilizumab, soluble gp130Fc, and selective
small molecule JAK inhibitors like CEP-33779.3%37 Now,
tocilizumab has been approved by the US Food and Drug
Administration for clinical use. We hope that the preclinical
data will reach their promise and become a potential therapy
for the cancer patients refractory to conventional chemo-
therapy drugs.

Some limitations should be considered in this meta-
analysis. First, the cut-off value was different between the
included studies, which could cause heterogeneity among
the studies. Therefore, more studies with the same cut-off
values should be recruited and combined for further analysis.
Second, because of the lack of data relating the 1L-6 expres-
sion and DFS, which is also an important aspect reflecting
the prognosis, we could not conclude an accurate result now.
Third, the lack of concrete data made us unable to further
explore the association of CRC with more detailed factors
like age via subgroup analysis.

Conclusion

To our knowledge, this meta-analysis is the first study to
systematically and quantitatively evaluate the association
between serum IL-6 and clinicopathological features and
prognostic factors in CRC. Our results showed that serum
IL-6 expression has a significant negative correlation with the
5-year OS rates in CRC patients. Besides, serum IL-6 expres-
sion was also related to tumor local invasion and distant
metastasis. Thus, elevated serum IL-6 expression indicated
a poor prognostic significance for CRC patients, and IL-6
expression could be an important supplement in establishing
prognostic score for clinical decision. We hope there will
be more studies to further evaluate the application of IL-6
as a biomarker for CRC prognosis and to assess whether
IL-6 could change in the process of CRC chemotherapy or
neoadjuvant therapy.
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