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Abstract

AIM

To perform a meta-analysis of observational studies
on inflammatory markers levels and occurrence of
colorectal adenoma.

METHODS

PubMed and EMBASE databases were searched until
March 2016 for the articles reporting on the circulating
levels of inflammatory markers, including: C-reactive
protein (CRP), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-a) and risk of colorectal adenoma.
Random-effects models were used to calculate summary
odds ratios (ORs) with 95%(CIs for the highest vs lowest
category of exposure. Heterogeneity was assessed by
using the Q test and /° statistic. Subgroup analyses
were also performed to test for potential source of
heterogeneity.
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RESULTS

A total of 14 case-control studies were included. Ten
studies on CRP including a total of 3350 cases and
4168 controls showed non-significant summary (OR
= 1.23, 95%CI: 0.98-1.54; I = 54%, Pheterogeneity =
0.01) in the general analysis, but significant increased
odds when considering only advanced adenoma (OR
= 1.59, 95%CI: 1.09-2.32; I = 44%, Pheterogencity =
0.15). Subgroup and stratified analyses revealed a
potential influence of smoking status and aspirin use
on the association between CRP levels and colorectal
adenoma. Five studies examined the association
between circulating levels of TNF-a and colorectal
adenoma risk, including a total of 1,568 cases and 2,832
controls. The summary OR for the highest vs the lowest
category of exposure was 1.00 (95%CI: 0.77-1.29).
The relationship between circulating IL-6 levels and
colorectal adenoma risk was investigated in 7 studies
including a total of 1936 cases and 3611 controls. The
summary OR for the highest vs the lowest category of
exposure was 1.19 (95%CI: 0.92-1.55).

CONCLUSION

Summary of current evidence suggests a positive
association of CRP levels and advanced colorectal
adenoma risk. The role of potential confounding factors
should be further evaluated.

Key words: Inflammatory markers; Meta-analysis;
Colorectal adenoma; C-reactive protein; Tumor necrosis
factor-alpha; Interleukin-6

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: The present study investigated the asso-
ciation between inflammatory markers and risk of
colorectal adenoma. Ten studies on C-reactive protein
(CRP) showed non-significant summary odds ratios in
the general analysis. However, CRP was significantly
correlated with increased risk of advanced adenoma.
Subgroup and stratified analyses revealed a potential
influence of smoking status and aspirin use on
the association between CRP levels and colorectal
adenoma risk. The results of the study may have
practical value for clinicians screening for colorectal
cancer.

Godos J, Biondi A, Galvano F, Basile F, Sciacca S, Giovannucci
EL, Grosso G. Markers of systemic inflammation and colorectal
adenoma risk: Meta-analysis of observational studies. World J
Gastroenterol 2017; 23(10): 1909-1919 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i10/1909.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i110.1909

INTRODUCTION

Colorectal cancer represents one of the most common
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cancers diagnosed in developed countries and the
fourth leading cause of cancer-related death globally.
Chronic inflammation has been hypothesized to
play an important role in several aspects of cancer
initiation, promotion, and progression'!. Indeed,
existence of chronic inflammatory bowel diseases (such
as Crohn'’s colitis or ulcerative colitis) or regular use of
anti-inflammatory medications has been demonstrated
to affect risk of colorectal cancer'™® and colorectal
adenoma, the precursor of most colorectal cancers'**'.
However, despite evidence on potential involvement of
inflammatory processes in colorectal carcinogenesis,
epidemiological data regarding markers of systemic
inflammation and colorectal neoplasia risk are
conflicting.

Tumor necrosis factor-alpha (TNF-a) and inter-
leukin-6 (IL-6) are pro-inflammatory cytokine
involved in cell growth, differentiation, and apoptosis,
and are altered within adenoma tissues reflecting
an inflammatory state!®. C-reactive protein (CRP)
is @ non-specific marker of systemic inflammation
produced and released into the circulation primarily
by hepatocytes in response to elevations in IL-6 and
TNF-o'®. Elevated levels of CRP are typically associated
with acute inflammatory conditions, such as infections,
trauma, or acute flares of autoimmune diseases, and
with a variety of chronic conditions'®. Current evidence
suggests that pre-diagnostic circulating CRP levels
may be associated with increased risk of colorectal
cancer'”), In addition, serum levels of TNF-o. have been
associated with increased risk of this malignancy™.
Results on IL-6 are inconclusive, suggesting that
it is not associated with colorectal cancer risk, but
the evidence is weakened by a limited number of
studies”®. Overall, existing summary of evidence rely
on colorectal cancer risk, but findings on colorectal
adenoma have not been meta-analyzed yet. Thus,
the aim of this study was to systematically review
and perform a meta-analysis of studies examining the
association between circulating levels of CRP, TNF-q,
and IL-6 and risk of colorectal adenoma.

MATERIALS AND METHODS

The design, analysis, and reporting of this study
followed the meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines (Online Resource 3).
The reporting of this work is compliant with PRISMA
guidelines.

Literature search and study selection

We performed a systematic search on PubMed (http://
www.ncbi.nlm.nih.gov/pubmed/) and EMBASE (http://
www.embase.com/) databases of all English language
studies published up to March 2016. The search terms
used are shown in Online Resource 4. Inclusion criteria
for the studies were: (1) having a cross-sectional,
case-control, or prospective design; (2) evaluating
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Potential articles identified
through database searching
(n = 481)

Articles excluded based on title
and duplicates (7 = 364)

Articles screened based on
abstract (7 = 117)

Articles excluded based on
abstract (7 = 86)

Articles obtained for full-
text evaluation (7 = 31)

Articles not meeting

inclusion criteria:
Adenoma recurrence (7 = 2)
Not available ORs (7 = 14)
Genetic polymorphism (7 = 1)

Articles included in the
quantitative meta-analysis
(n=14)

CRP (n = 10)

IL-6(n=7)

TNF-o (7 = 5)

Figure 1 Study selection process. CRP: C-reactive protein; IL-6: Interleukin-6;
TNF-a: Tumor necrosis factor-alpha.

the association between CRP, TNF-a, or IL-6 levels
and colorectal adenoma comparing the highest vs the
lowest category of exposure; and (3) assessing and
reporting odds ratios (ORs) and the corresponding
95%Cls. Reference lists of included studies were
examined for any additional article not previously
identified. If more than one study was conducted on
the same cohort, only the most comprehensive or
most updated was included in the meta-analysis. The
selection process was independently performed by
two authors (Godos J and Grosso G).

Data extraction and study quality assessment

Data were abstracted from each identified study by
using a standardized extraction form. The following
information was collected: (1) author name; (2) year
of publication; (3) country; (4) number, gender, and
age of participants; (5) main characteristics related
to markers; (6) OR and 95%CI for the highest vs the
lowest category of exposure; and (7) covariates used
in adjustments.

The Newcastle-Ottawa Quality Assessment Scale
was used to assess the quality of each study”. The
instrument consists of 3 domains indicating the study
quality as follows: selection (4 points), comparability
(2 points), and outcome (3 points) for a total score
of 9 points (9 representing the highest quality).
Studies scoring 7-9 points, 3-6 points, and 0-3 points
were identified as high, moderate, and low quality,
respectively.
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Statistical analysis

Random-effects models were used to calculate
summary ORs with 95% CIs for the highest vs lowest
category of exposure. The risk estimate from the most
fully adjusted models in the analysis of the pooled
RR was used. Heterogeneity was assessed by using
the Q test and F statistic. The level of significance for
the Q test was defined as P < 0.10. The I? statistic
represented the amount of total variation that could
be attributed to heterogeneity. I’ values < 25%,
< 50%, < 75%, and > 75% indicated no, small,
moderate, and significant heterogeneity, respectively.
A sensitivity analysis by exclusion of one study at a
time was performed to assess the stability of results
and potential sources of heterogeneity. Separate
analyses were conducted on adenoma advancement
based on availability of datasets. According to
literature investigated, advanced adenoma was
defined as having diameter > 1 cm or containing
villous/tubulovillous characteristics, or severe dys-
plasia. Subgroup analyses were also performed to
test for potential source of heterogeneity according
to geographical area, gender, study design, sample
fasting status, measurement methods, and adjustment
for main confounding factors (BMI or obesity, smoking
status, family history of colorectal neoplasia, aspirin
or NSAIDs use, energy intake or physical activity,
and alcohol consumption). Stratified analyses were
conducted by smoking status (non/former vs current),
NSAIDs use (non/former vs current), and adenoma
location. Publication bias was evaluated by a visual
investigation of funnel plots for potential asymmetry.
All analyses were performed with Review Manager
(RevMan) software version 5.2 (The Nordic Cochrane
Centre, The Cochrane Collaboration). Artwork was
created using RevMan software. Statistical analysis
was reviewed by a biostatistician (Grosso G).

RESULTS

Study characteristics

The process of identification and study selection is
summarized in Figure 1. Among the initial 481 articles
screened on the basis of title, 31 articles were screened
for full-text examination. Seventeen studies were
excluded because they assessed adenoma recurrence
(n = 2), did not report risk estimates (n = 14), and
reported information only on genetic polymorphisms (n
= 1). A final number of 14 studies!®*! were included
for the quantitative meta-analysis (Table 1). Four
studies were nested case-control studies, 9 had a case-
control design, and one was cross-sectional. The studies
were conducted in the United States!!®!!!316:18:19,21-23]
Japan*****'71 ‘and the United Kingdom™. Four studies
investigated advanced and 4 studies non-advanced
adenoma. Measurements methods varied greatly
between studies, including INA (Immunonephelometric
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Odds ratio Odds ratio
Study Log[Odds Ratio] SE Weight 1V, random, 95%CI 1V, random, 95%CI
2008 Kim 0.3716 0.2157 10.4%  1.45(0.95, 2.21) -
2008 Tsilidis -0.4943 0.3794 5.9% 0.61 (0.29, 1.28) _
2009 Otake M 0.1398 0.2181 10.3% 1.15(0.75, 1.76) —_—
2010 Ognjanovic 0.0000 0.2606 8.9% 1.00 (0.60, 1.67) —
2010 Otake M 0.7701 0.4998 4.1% 2.16 (0.81, 5.75) -
2011 Gunter -0.4308 0.2351 9.7%  0.65(0.41, 1.03) —
2014 Kong 0.3716 0.2548  9.1%  1.45(0.88, 2.39) A
2015 Basavaraju 1.0818 0.4505 4.7%  2.95(1.22,7.13) .
2015 Davenport advanced 0.5933 0.2541 9.1% 1.81(1.10, 2.98) — -
2015 Davenport multiple small tubular 0.6981 0.3076 7.6%  2.01(1.10, 3.67) —_—
2015 Davenport single small tubular -0.1165 0.2645 8.8%  0.89 (0.53, 1.49) —_—
2016 Song F 0.0953 0.1886 11.3%  1.10(0.76, 1.59) —t
Total (95%CI) 100.0% 1.23(0.98, 1.54) ‘
Heterogeneity: Tau’ = 0.08, ° = 24.12, df = 11 (P = 0.01); I* = 54%
Test for overall effect: 7= 1.77 (P = 0.08)
Non-advanced adenomas
2008 Tsilidis -1.2040 0.5119 15.8% 0.30(0.11, 0.82) —
2009 Otake M -0.2614 0.2628 22.7%  0.77 (0.46, 1.29) ——
2015 Basavaraju 1.0818 0.4505 17.4%  2.95(1.22,7.13) —
2015 Davenport multiple small tubular 0.6981 0.3076 21.5%  2.01(1.10, 3.67) — .
2015 Davenport single small tubular -0.1165 0.2645 22.7%  0.89 (0.53, 1.49)
Total (95%CI) 100.0% 1.06 (0.57, 1.98) I
Heterogeneity: Tau’ = 0.37, 7> = 17.48, df = 4 (P = 0.002); I* = 77%
Test for overall effect: Z = 0.20 (P = 0.84)
Advanced adenomas
2008 Tsilidis 0.6881 0.6946 6.8% 1.99(0.51, 7.76) R
2009 Otake M 0.7930 0.2786 26.4%  2.21(1.28, 3.82) —
2015 Davenport 0.5933 0.2541 29.1%  1.81(1.10, 2.98) —a—
2016 Song F 0.0953 0.1886 37.8%  1.10(0.76, 1.59) i
Total (95%CI) 100.0% 1.59 (1.09, 2.32) ‘
Heterogeneity: Tau? = 0.06, * = 5.35, df = 3 (P = 0.15); I* = 44%
Test for overall effect: Z = 2.42 (P = 0.02) ‘ ‘ ‘ ‘

0.01 0.1 1 10 100

Figure 2 Meta-analysis of highest vs lowest category of C-reactive protein and risk of colorectal adenoma, total and by advancement status. CRP: C-reactive protein.

adenoma localization. No significant results for were
observed for adenoma of proximal or distal colon
(Online Resource 1) and for non-advanced adenoma
(Figure 2). In contrast, separate analysis of the
highest vs lowest CRP levels showed a significant
association with increased advanced adenoma risk (OR
= 1.59, 95%CI: 1.09-2.32; I’ = 44%, Pheterogeneity =
0.15; Figure 2).

IL-6 and adenoma risk

The relationship between circulating IL-6 levels and
colorectal adenoma risk was investigated in 7 studies
including a total of 1936 cases and 3611 controls. The
summary OR for the highest vs the lowest category
of exposure was 1.19 (95%CI: 0.92-1.55) with no
evidence of publication bias (Online Resource 1) and
little evidence of heterogeneity (I° = 46%, Pheterogeneity
= 0.09, Figure 3) and no evidence of asymmetry at
funnel plot (Online Resource 1). Subgroup analyses are
presented in Table 2. Grouping studies by adjustment
for smoking status showed significant results for
the studies that did not adjust for smoking and not

JBaishideng® W]G I WWW.ngnet.COm

significant for those that did adjust (Table 2). However,
subgroup analysis for the adjustment for confounding
factors, such as BMI, aspirin use, family history of
colorectal cancer, and physical activity showed not-
significant results. Similar results were observed for
subgroup analysis controlling for IL-6 measurement.

TNF-«: and adenoma risk

Five studies examined the association between
circulating levels of TNF-a and colorectal adenoma
risk, including a total of 1568 cases and 2832
controls. The summary OR for the highest vs the
lowest category of exposure was 1.00 (95%CI:
0.77-1.29) with no evidence of publication bias (Online
Resource 1) and little evidence of heterogeneity (I° =
49%, Preterogeneity = 0.08; Figure 4). Subgroup analyses
showed significant results for the studies that did
not adjust for smoking status while those studies
adjusting did not show significant results (Table 2).
Similar results were observed when pooling studies
that did not adjust for aspirin/NSAIDs use (Table
2). The summary OR for the highest vs the lowest
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Odds ratio Odds ratio
Study Log[Odds Ratio] SE Weight 1V, random, 95%CI 1V, random, 95%CI
2008 Kim 0.6098 0.2014 18.8%  1.84(1.24, 2.73) —a—
2010 Ognjanovic -0.1393 0.2340 16.3%  0.87(0.55, 1.38) —m—
2012 Sasaki 0.7227 0.3586 9.7%  2.06 (1.02, 4.16) =
2013 Vaughn 0.0100 0.1727 21.2% 1.01(0.72, 1.42) —
2015 Basavaraju 0.0000 0.4189 7.7% 1.00 (0.44, 2.27) —
2015 Henry 0.3001 0.4310 7.3% 1.35(0.58, 3.14) — T
2016 Song -0.0408 0.1990 19.0%  0.96 (0.65, 1.42)
Total (95%CI) 100.0% 1.19(0.92, 1.55) I
Heterogeneity: Tau® = 0.05, > = 11.11, df = 6 (P = 0.09); * = 46%
Test for overall effect: Z = 1.35 (P = 0.18) | | | J
0.01 0.1 1 10 100

Figure 3 Meta-analysis of highest vs lowest category of interleukin-6 and risk of colorectal adenoma. IL-6: Interleukin-6.

Odds ratio QOdds ratio
Study Log[Odds Ratio] SE Weight 1V, random, 95%CI 1V, random, 95%CI
2008 Kim 0.5008 0.2115 18.7%  1.65 (1.09, 2.50) -
2010 Yamaji F -0.4308 0.2351 16.8%  0.65(0.41, 1.03) —
2010 Yamaji M -0.0619 0.1652 23.1%  0.94 (0.68, 1.30)
2013 Vaughn 0.0100 0.1519 24.5% 1.01(0.75, 1.36) I
2015 Basavaraju -0.3147 0.4208 7.6% 0.73(0.32, 1.67) —
2015 Henry 0.1310 0.3719 9.3% 1.14(0.55, 2.36) —
Total (95%CI) 100.0% 1.00 (0.77, 1.29) 0
Heterogeneity: Tau’ = 0.05, > = 9.79, df = 5 (P = 0.08); /> = 49%
Test for overall effect: Z = 0.02 (P = 0.99) . ) ) )
0.01 0.1 1 10 100

Figure 4 Meta-analysis of highest vs lowest category of tumor necrosis factor-alpha and risk of colorectal adenoma. TNF-o.: Tumor necrosis factor-alpha.

evidence for markers of inflammation other than CRP
was limited and future studies exploring this issue are
needed.

The results of the present meta-analysis should be
considered in light of some limitations. First, our meta-
analysis was conducted on blood/serum markers of
inflammation, but the biological effects of circulating
vs local inflammatory makers may differ, and how
circulating inflammation is reflecting etiologically
relevant tissue inflammation will vary by factors in
the study population, and by stratification of relevant
factors. Second, although we included in our analyses
the most adjusted models for various potential
confounding factors, residual or unknown confounding
may still exist. For instance, differences in the
definition of advanced adenomas among study may
have led to misclassification. Moreover, due to study
design, results may be affected by reverse causation
depending on timing of measurements. Third, number
of studies and information retrieved were limited for
some potential important characteristics that should
be taken into account, such as adenoma location
(presented in 2 studies!*?), multiplicity and size (not
investigated in the present meta-analysis).

In conclusion, inflammation may play an important
role in colorectal cancer development. Discrepancy
between biological plausibility and lack of strong
epidemiological difference may depend on inadequate

Baishidenge ~ WJG | www.wjgnet.com

methods of assessing inflammatory markers, with
special regard to existing confounders. Although findings
from this meta-analysis suggest an involvement of CRP
in the early stage of colorectal cancer (i.e., advanced
adenoma risk), final conclusions cannot be drawn
given the nature of the studies (observational non
prospective), heterogeneous determinants of systemic
inflammatory markers, and the limited number of
investigations involved. Future studies estimating pre-
diagnostic serum/plasma markers of inflammation
and sequent adenoma incidence are needed to better
assess the role of chronic inflammation in malignancy
development. The potentiality of using CRP as a marker
to distinguish between advanced and non-advanced
adenoma could be also studies to improve surveillance
strategies.

COMMENTS

Background

Colorectal cancer represents one of the most common cancers diagnosed
in developed countries and the fourth leading cause of cancer-related death
globally. Chronic inflammation has been hypothesised to play an important
role in the initiation and progression of colorectal cancer. Patients with
ulcerative colitis and Crohn’s colitis demonstrate chronic inflammation in the
gastrointestinal mucosa and are at higher risk of developing cancer. On the
contrary, regular use of anti-inflammatory drugs such as aspirin has been
associated with lower risk of colorectal cancer as well as colorectal adenomas,

precursors of most colorectal cancer.
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Research frontiers

Regardless the fact, that the majority of evidence implicates chronic
inflammation in colorectal carcinogenesis, epidemiological data remain
inconclusive about the association between systemic inflammatory markers and
colorectal neoplasia risk.

Innovations and breakthroughs

The present study investigate the associations between inflammatory markers
and risk of colorectal adenoma. The authors found that C-reactive protein (CRP)
was significantly correlated with increased risk of advanced adenoma.

Applications
The results of the study may contribute to the improvement of the detection of
advanced premalignant lesions during colorectal cancer screening.

Terminology
Colorectal adenoma is a benign glandular tumour of the colon and the rectum.
It is a precursor lesion of the colorectal cancer.

Peer-review

This systematic review and meta-analysis represents an interesting collation
of evidence to date on three inflammatory markers (CRP, IL-6 and TNF-a) in
relation to colorectal adenoma risk. The review is also largely well conducted
and written.
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