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Introduction

Systemic inflammation is strongly linked to cancer devel-
opment [1]. Inflammatory mediators such as cytokines,
reactive oxygen, and nitrogen species produced by tumor
and immune cells of tumor stroma create a carcinogenic
microenvironment that contributes to cancer initiation
and progression. Genetic variation associated with this
ongoing inflammatory process alters posttranslational
mechanisms of DNA repair, inactivates tumor suppressor
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Abstract

The correlations of pretreatment serum concentrations of proinflammatory
cytokines such as interleukin (IL)-1pB, IL-6, and tumor necrosis factor-o. (TNFa)
with the clinicopathologic features and progression of colorectal cancer (CRC)
were investigated. The pretreatment serum levels of IL-1B, IL-6, and TNFa
were measured in 164 CRC patients before treatment. The relationships between
changes in proinflammatory cytokine and C-reactive protein (CRP) levels and
both clinicopathologic variables and disease progression were examined by uni-
variate and multivariate analysis. Advanced tumor stage was associated with a
poorer histologic differentiation, higher CRP level, lower albumin level, and
inferior progression-free survival rate (PFSR). Furthermore, high levels of CRP
(>5 mg/L) were associated with proinflammatory cytokine intensity, defined
according to the number of proinflammatory cytokines with levels above the
median level (IL-1f >10 pg/mL; IL-6 > 10 pg/mL; and TNFo >55 pg/mL).
Under different inflammation states, proinflammatory cytokine intensity, in ad-
dition to tumor stage, independently predicted PFSR in patients with CRP
<5 mg/L, whereas tumor stage was the only independent predictor of PFSR in
patients with CRP >5 mg/L. Proinflammatory cytokine intensity and the CRP
level are clinically relevant for CRC progression. Measurement of IL-1f, IL-6,
and TNFo serum levels may help identify early cancer progression among pa-
tients with CRP <5 mg/L in routine practice.

genes, and disturbs the apoptotic pathway [1-3]. Colorectal
cancer (CRC) exemplifies this process as chronic inflam-
matory bowel disease (IBD), classified as Crohn’s disease
and ulcerative colitis, increases the risk of CRC develop-
ment, whereas nonsteroid anti-inflammatory drugs inhibit
CRC formation [1, 4]. C-reactive protein (CRP), an acute-
phase reactive protein produced by hepatocytes, is broadly
used for diagnosing inflammation and cancers [5]. It is
upregulated in response to proinflammatory cytokines such
as interleukin (IL)-1B, IL-6, and tumor necrosis factor-o
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(TNFa) in CRC [5, 6]. In addition, an increased serum
CRP level is associated with advanced pathologic stage,
more local tumor invasion, and a higher rate of recur-
rence rate of CRC patients [7, 8]. Furthermore, a IL-6
promoter polymorphism is correlated with serum IL-6
levels, which may elevate the basal level of inflammation
and increase the risk of CRC [9, 10]. Finally, accumulated
evidence demonstrates that elevated IL-1p, IL-6, and TNFo.
levels are associated with either tumor stage, survival rate,
or distant metastasis in CRC patients [1, 11, 12].

Cancer patients with the same tumor stage may show
varying responses and survival, despite the use of standard
treatment in this pathologically homogenous population
[1, 13]. The search for novel tumor markers to identify
cancer patients who are in need of additional medical
attention following standard treatment at an early stage
has continued to develop during the past decades, with
an emphasis on various biological parameters, including
the regulation between tumor promoter and tumor sup-
pressor genes as well as the inflammation status and cytokine
expression [1, 8]. The aim of this study was to measure
the pretreatment serum levels of IL-1B, IL-6, TNFa in
CRC patients and examine the relationship between these
proinflammatory cytokines and the clinicopathologic fea-
tures of CRC, especially progression-free survival.

Materials and Methods

Study participants

Data were retrospectively collected from 164 patients with
CRC who visited Chang Gung Memorial Hospital in
Keelung, Taiwan between January 2007 and December
2009. All patients were followed up until June 2014. The
following parameters were recorded and analyzed for all
study patients: age, sex, tumor location, tumor-node metas-
tasis (TNM) stage, histologic differentiation, white blood
cell (WBC) count, albumin level, C-reactive protein (CRP)
level, carcinoembryonic antigen (CEA) level, TNFa level,
IL-1 level, IL-6 level, and progression-free survival (PFS).
Progression-free survival was defined as no imaging or
pathological evidence of disease progression 3 years after
diagnosis. Tumors were classified retrospectively according
to the 7th edition American Joint Committee on Cancer
Staging System based on findings of physical examination,
routine laboratory tests, chest radiography, and computed
tomography of the abdomen. The pathological diagnoses
of all enrolled patients were reviewed and confirmed by
the CRC committee at our institute. The committee mem-
bers included two colorectal surgeons, three medical oncolo-
gists, two radiation oncologists, and two pathologists. This
study was approved by the Institutional Review Board at
Chang Gung Memorial Hospital in Taiwan.
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Proinflammatory Cytokine Levels in Crc

Measurements of pretreatment serum IL-1p,
IL-6, and TNFa levels by enzyme-linked
immunosorbent assay (ELISA)

Blood was collected from patients before treatment and cen-
trifuged at 500g for 15 min. All serum samples were stored
at —80°C in pyrogen-free plastic tubes until analysis. Serum
IL-1B, IL-6, and TNFo levels were determined by DuoSet
ELISA Development kits following the manufacturer’s instruc-
tions (R&D Systems, Minneapolis, MN). The final levels were
determined by detection with a luminescence counter (Packard
Instrument Company Downers Grove, Illinois). All samples
were thawed only once and assayed in triplicate.

Statistical analysis

Statistical analyses were performed using SPSS statistical pack-
age, version 19.0 (SPSS, Inc., Chicago, IL). Analysis of variance
(ANOVA) using Bonferroni adjustments (for age, WBC count,
albumin level, CRP level, CEA level, IL-1 level, IL-6 level,
and TNFq level) or Pearson chi-square ()?) test (for gender,
location, and histologic differentiation) were used for multiple
comparisons of different stages (Table 1). The Kaplan—-Meier
method was used to analyze survival, and the log-rank test
was used to examine any differences in survival. Univariate
and multivariate analyses were used to study the association
among variables (age, gender, tumor location, TNM stage,
histologic differentiation, levels of albumin, CRP, CEA, IL-1j,
IL-6, and TNFa, and survival). The 3-year progression-free
survival rate (PFSR) was calculated using the Pearson chi-
square ()?) test or Fisher exact test for an expected number
per cell of <5. Multivariate analysis was performed using
Cox’s proportional hazards model. Differences were considered
significant when the P value was <0.05.

Results

The clinicopathologic characteristics of the 164 CRC patients
enrolled are summarized in Table 1. The patients’ ages ranged
from 18 to 94 years (average age 64.9 years). There were
108 men and 56 women. The tumor was located in the
colon of 109 cases (66.5%) and in the rectum of 55 cases
(33.5%). Using the criteria of 7th edition American Joint
Committee on Cancer Staging System (AJCC), 37 patients
(22.6%) had stage I, 45 patients (27.4%) had stage II, 56
patients (34.1%) had stage III, and 26 patients (15.9%) had
stage IV disease. All patients had adenocarcinoma histology
at the time of diagnosis. The histologic grade was assessed
by World Health Organization criteria: 50 tumors (30.5%)
were well differentiated, 104 tumors (63.4%) were moderately
differentiated, and 10 tumors (6.1%) were poorly differenti-
ated and/or undifferentiated. When patients were stratified
by TNM stage, advanced stage was associated with poorer
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Figure 1. Progression-free survival analysis for the 164 CRC patients stratified by (A) CRP level or (B) Proinflammatory cytokine intensity. (C)
Progression-free survival analysis for patients with CRP levels <5 mg/L stratified by proinflammatory cytokine intensity. (D) Progression-free survival
analysis for patients with CRP levels >5 mg/L stratified by proinflammatory cytokine intensity. O indicates no proinflammatory cytokines higher than
the median; 1 denotes one proinflammatory cytokine higher than the median; 2 means two proinflammatory cytokines higher than the median; 3
represents all three proinflammatory cytokine levels higher than the median level.

Under different inflammation status shown in Table 3,
the univariate analysis showed PFSR of patients with CRP
<5 were significantly correlated with advanced stage
(P < 0.001), higher CEA level (P = 0.017) and cytokine
intensity (Fig. 1C, P = 0.021). Furthermore, the multivariate
analysis revealed that in addition to tumor stage, cytokine
intensity independently predicts PFSR of patients with CRP
<5. Cytokine intensity was not correlated with PFSR (Fig. 1D,
P = 0.241) but tumor stage was the only independent pre-
dictor for 3-year PFSR in patients with CRP > 5 mg/L in
both univariate and multivariate analyses (Table 3).

Discussion

Disease severity and progression of CRC could be the
sequelae of ongoing systemic inflammation determined
by an increase in the serum CRP level, a well-established
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standard measurement of inflammation. This link is sup-
ported by the following observations. First, CRC patients
had a higher CRP level at the time of diagnosis than
healthy individuals, and heightened CRP levels increase
the risk of CRC occurrence [8, 15]. Furthermore, proin-
flammatory cytokines regulate CRP expression and con-
tribute to the inflammation-induced tumorigenesis of CRC
[1]. IL-1B initiates proinflammatory cascades and facilitates
tumor spread [16]. TNFo signaling activates transcription
factor NF«B, thus promoting the expression of downstream
inflammatory mediators that are involved in aberrant cell
differentiation and proliferation [1]. Clinically, higher IL-1
expression was found in adenocarcinoma tissue relative
to normal colon tissue [17]. An increase in the TNFo
level also increased the risk of CRC [18] and a decrease
in the IL-1P level decreased the risk of advanced CRC
[19]. IL-6, an essential inflammation mediator downstream

© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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of the TNFo. NFxB signaling pathway has been shown
to correlate with CRC risk. Higher IL-6 levels were asso-
ciated with larger tumor size, advanced tumor stage,
increased tumor occurrence, and decreased survival of
CRC patients [20]. Previously, Hamilton et al. measured
42 serum inflammatory mediators and reported that
elevated CRP level was associated with inflammatory status
and is an important prognostic indicator for CRC patients
with liver metastasis [21]. Finally, Sharma et al. analyzed
52 stage IV CRC patients according to the Glasgow
Prognostic Score (GPS) and a panel of serum cytokines
and chemokines, and found that patients with a high
GPS score (both serum CRP level 210 mg/L and albumin
level <3.5 g/dL) showed higher treatment toxicity and
inferior prognosis. Serum IL-6 and glycoprotein 130 levels
were also associated with GPS [22]. Taken together, this
study found that elevated CRP level is correlated with
high cytokine intensity that may affect survival in CRC
patients and support the notion that the inflammation
process mediated by a panel of proinflammatory cytokines
indeed contributes to CRC development and prognosis.

The salient feature presented in this study was that
cytokine intensity significantly predicts the progression of
CRC patients with low-level serum C-reactive protein (CRP
<5), but not high-level (CRP 2>5), and deserves further
discussion. To our knowledge, it is unknown what indices
best reflect inflammation status associated with the prog-
nosis of CRC patients. In addition to CRP level, inflam-
mation indices such as prognostic nutrition index,
neutrophil/lymphocyte ratio and platelet/lymphocyte ratio
have been reported as prognostic factors for CRC [23-25].
The results of this study suggest some patients were in
high-level inflammatory status but the serum level CRP
level was relative low. In this circumstance, cytokine inten-
sity shown this study may be able to reflect this high
inflammation status and correlate with disease progression.
We should pay more attention to patients with low CRP
level and the proinflammatory cytokine intensity could
be an alternative representative for inflammation state of
CRC patients. Besides, many confounding variables such
as smoking, obesity, dietary fatty acid intake, and socio-
economic status related to inflammation state [8] were
not included into the analysis of this study. These factors
may lead to design and survival bias as well as the status
of varied inflammation despite the similar serum CRP
levels detected. Finally, variants in the CRP gene, promoter
polymorphisms of CRP, and proinflammatory cytokine
levels modulated basal expression of serum CRP [26, 27].
For example, three SNPs were associated with variation
in serum CRP levels, CRP being increased in TT (rs1120864)
and GG (rs2794521) genotypes and decreased in the AA
genotype of rs1205 [27].
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As treatment options become more standardized, it
becomes increasingly important to develop tools to select
patients with high risk for CRC recurrence. The pro-
inflammatory cytokine intensity could provide valuable
information to offer appropriate medical attention to CRC
patients with low CRP level (CRP <5 mg/L) following
standard treatment.
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