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Abstract

Background: Gastric adenocarcinoma is the third most common cause of cancer-associated death worldwide.
Helicobacter pylori infection activates a signaling cascade that induces production of cytokines and chemokines
involved in the chronic inflammatory response that drives carcinogenesis. We evaluated circulating cytokines and
chemokines as potential diagnostic biomarkers for gastric cancer.

Methods: We included 201 healthy controls and 162 patients with distal gastric cancer who underwent primary
surgical resection between 2009 and 2012 in Mexico City. The clinical and pathological data of patients were
recorded by questionnaire, and the cancer subtype was classified as intestinal or diffuse. Pathological staging of
cancer was based on the tumor–node–metastasis staging system of the International Union Against Cancer.
Concentrations of IL-1β, IL-6, TNF-α, IL-10, and MCP-1 in serum were measured using multiplex analyte profiling
technology and concentrations of IL-8, IFN-γ, and TGF-β in plasma were measured using enzyme-linked
immunosorbent assay.

Results: Levels of IL-1β, IL-6, IFN-γ, and IL-10 were significantly higher and that of MCP-1 was lower in gastric
cancer patients compared with controls. No differences in IL-8 or TNF-α levels were observed between gastric
cancer and controls. IFN-γ and IL-10 were significantly higher in both intestinal and diffuse gastric cancer, whereas
IL-1β and IL-6 were higher and TGF-β lower only in intestinal gastric cancer; MCP-1 was lower only in diffuse gastric
cancer. IFN-γ and IL-10 levels were significantly higher in early (I/II) and late stage (III/IV) gastric cancer; IL-1β and IL-
8 were higher and MCP-1 was lower only in late stage (IV) patients. Receiver-operating characteristic analysis
showed that for diagnosis of GC, IL-6 had high specificity (0.97) and low sensitivity (0.39), IL-10 had moderate
specificity (0.82) and low sensitivity (0.48), and IL-1β and IFN-γ showed low specificity (0.43 and 0.53, respectively)
and moderate sensitivity (0.76 and 0.71, respectively).

Conclusions: Increased levels of IL-6, IFN-γ, and IL-10 might be useful as diagnostic biomarkers for GC; however,
this needs to be confirmed with larger number of patients and with control groups other than blood donors,
properly age paired. IL-1β, IL-6, MCP-1, and TGF-β differentiate intestinal from diffuse GC. IFN-γ and IL-10 might be
useful for diagnosis of early stage GC, and IL-1β, IL-8, and MCP-1 for late stages of the disease.
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Background
Gastric cancer (GC) remains a major health problem
worldwide, representing the third most common cause of
death from all cancers [1]. Mortality rates are higher in
Asian and Latin American countries, where cases are
usually diagnosed at later stages, leading to very low
survival rates. The infection of the gastric mucosa by
Helicobacter pylori represents the major risk factor in over
65% of all distal GC, and recent evidence suggests that it
might also play a role in proximal GC [2, 3]. H. pylori has
the ability to colonize the human stomach and persist for
decades, eliciting a chronic long-lasting inflammatory re-
sponse that varies in magnitude depending on the genetic
background of the host, the virulence of the H. pylori
strain, and environmental factors [4]. The differences in
the gastric inflammatory response between hosts may
partially explain the different outcomes observed in H.
pylori-infected patients [5]. Understanding the natural
history of the infection may help to identify potential
biomarkers for the early diagnosis of GC to allow timely
treatment to reduce mortality.
The interaction of H. pylori with the gastric epithelium

induces the production of interleukin (IL)-8, IL-6, and IL-
1β. These cytokines are chemotactic for neutrophils and
mononuclear cells, and their production leads to a prolifer-
ative response with a dense infiltrate of neutrophils and
macrophages in the gastric mucosa, resulting in a chronic
active gastritis [6]. H. pylori also induces gastric mucosal in-
filtration by dendritic cells and T and B cells, and stimulates
secretion of macrophage chemotactic protein (MCP)-1,
tumor necrosis factor (TNF)-α, IL-12, IL-10, transforming
growth factor (TGF)-β, and interferon (IFN)-γ [5]. Among
other deleterious effects that predispose cells to oncogenic
transformation, the inflammatory mediators produced by
this decades-long gastritis may cause DNA damage, induce
proliferation, and inhibit apoptosis [7]. In addition,
inflammatory cytokines and chemokines increase the ex-
pression of molecular factors such as hypoxia-inducible
factor-1, vascular endothelial growth factor, L-selectin,
cyclooxygenase-2, and matrix metalloproteinase together
with other molecules that contribute to carcinogenesis [7].
Progress of GC can be evaluated using the tumor–node–
metastasis (TNM) staging classification of malignant
tumors, which is an important prognostic factor for GC [8].
Ideally, biomarkers should detect the early stages (I/II) of
disease when opportunities for cure are highest.
The inflammatory mediators produced locally in the

gastric mucosa may reach the blood circulation and be
detected in plasma samples. In this study, we tested the
hypothesis that circulating levels of inflammatory cytokines
and chemokines could function as indirect indicators of
tissue damage, and that their measurement might be a
useful biomarker for the early detection of GC, resulting in
a better long-term prognosis.

Methods
Study population
The study included 166 patients with GC who attended
the Oncology Hospital, Centro Médico Nacional Siglo
XXI, Instituto Mexicano del Seguro Social (IMSS) and the
Instituto Nacional de Cancerología, Secretaría de Salud in
Mexico City, and who underwent primary surgical resec-
tion between 2009 and 2012. Patients ≤18 years old, with
any autoimmune disease, diabetes, cancer other than GC,
or having received previous treatment for GC were
excluded from the study. Informed written consent was
obtained from all patients prior to enrollment in the study.
The Ethics Committees of the two participating institu-
tions, IMSS and Secretaría de Salud, approved the study.
The clinical and pathological data of patients were re-
corded using a questionnaire, and the cancer subtype was
classified as intestinal GC (IGC) or diffuse GC (DGC)
based on the Lauren classification [9]. Pathological staging
of cancer was according to the TNM staging system of the
International Union Against Cancer American Joint
Committee on Cancer 2010. The study included as con-
trol group 201 healthy adults recruited in 2011–2012
(within the same period of time as for GC cases), and who
were blood donors at the Central Blood Bank, Centro
Médico Nacional Siglo XXI, IMSS. GC cases and healthy
controls were of the same community, with similar socio-
economic and demographic conditions.

Blood samples
Patients were asked to provide a blood sample before
surgery and prior to any cancer treatment. Blood was
drawn after overnight fasting into either ethylenedi-
aminetetraacetic acid or plain tubes. The plasma or
serum samples were stored at −20 °C until tested.

Status of H. pylori infection
Sera of patients were tested for antibodies against H.
pylori whole-cell antigens and against CagA protein,
using a previously validated enzyme-linked immuno-
sorbent assay (ELISA). H. pylori infection was defined as
positive when antibodies to whole-cell antigens and/or
to CagA protein were present.

Cytokine assays
In the first part of the study, we tested plasma samples
for IFN-γ, IL-8, and TGF-β; in the second part, we tested
in addition for IL-10, IL-1β, TNF-α, IL-6, and MCP-1 in
serum (see Additional file 1: Table S1).
The concentration of IL-8, IFN-γ, and TGF-β in plasma

samples was measured by ELISA using commercially
available kits (BD™OptEIA; BD Biosciences, Rockville,
MD) according to the manufacturer’s instructions. The
concentration of cytokine or chemokine was calculated
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based on standard curves provided with the kits, and
results were expressed in pg/ml.
Concentrations of IL-1β, IL-6, TNF-α, IL-10, and

MCP-1 were measured with multiplex analyte profiling
technology (xMAP) using the Merck-Millipore, USA
HSCYTOMAG-60 K Kit (Luminex®, magnetic beads
Millipore, Billerica, MA) read on MAGPIX equipment
(MILLIPLEX®, Millipore). The assay kits included a
standard curve and two controls (high and lower con-
centration) for each cytokine. For both ELISA and
xMAP platforms, all samples were tested in duplicate
and the average values were used in the analysis.

Statistical analysis
Values were expressed as median with interquartile ranges,
and the comparison between groups was performed using
Kruskal–Wallis and Mann–Whitney U tests, p < 0.05 was
considered to indicated a statistically significant result. The
association of each cytokine with GC was assessed using
odds ratio (OR) and 95% confidence interval (CI). The re-
sults for cytokines were adjusted for patient age and sex by
multivariate logistic regression analyses. A cutoff value was
determined for each cytokine using a receiver-operating
characteristic (ROC) curve, (Additional file 1: Table S2) and
each value was used to estimate the sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) with 95% CI. All statistical analyses were
performed using IBM SPSS Statistics software (v. 20, IBM
Corp., Armonk, NY).

Results
The characteristics of the patients and healthy donors
included in the study are described in Table 1. The study
included 363 individuals, of whom 162 (44.6%) were pa-
tients with GC. The group with cancer had an average age
almost twice that of the healthy donor (control) group
(p < 0.05); the ratio of females and males was similar. The
frequency of seropositivity for H. pylori was significantly
higher in the GC group than in the control group
(p < 0.05); H. pylori infection showed an OR of 2.29 (1.47–
3.58) for risk of developing GC. DGC was more prevalent
than IGC (p < 0.05), and tended to occur at a younger age

than IGC. Other histological types of GC represented only
22.8% of the studied sample. Only 29% of CG cases were
classified as stage I or II by TNM; the majority of cases
(63%) were stage III or IV. The observed female:male ratio
and frequencies of GC subtypes were consistent with the
recently described epidemiology of GC in Mexico [10–12].

Circulating levels of IL-1β, IL-6, IFN-γ, IL-10, and MCP-1
but not IL-8, TNF-α, or TGF-β differentiate GC patients
from healthy controls
Circulating levels of IL-1β, IL-6, IFN-γ, and IL-10 were sig-
nificantly higher and levels of MCP-1 were significantly lower
in GC patients than in the healthy control group (Fig. 1). In
contrast, levels of IL-8 and TNF-α did not differ significantly
between GC patients and healthy controls (Additional file 2:
Fig. S1). However, we noted that 22 patients in the GC
group (of 143, 15.4%) had IL-8 concentrations ≥90 pg/ml,
whereas in the healthy group only four individuals (of 121,
3.3%) had concentrations this high; this difference was
significant (p = 0.0154) (Additional file 2: Fig. S1B).
The ORs for all cytokines and chemokines confirmed

that elevated IL-1β, IL-6, IFN-γ, and IL-10 were risk
factors for GC (Table 2).
We subsequently performed a multivariate logistic re-

gression analysis adjusting for age and sex, and found that
after adjustment IL-6, IFN-γ, IL-10, and MCP-1 had sig-
nificant associations with GC (Table 3). Thus, after cor-
recting for age, three (IL-6, IFN-γ, and IL-10) of the four
cytokines associated with GC in the univariate analyses
still maintained a significant association with the disease.

Analyses of circulating cytokines by type of GC reveal
differences between IGC and DGC
We next analyzed cytokine levels in the DGC and in IGC
subgroups compared with the control group, and found im-
portant differences. IFN-γ and IL-10 were significantly
higher in both DGC and IGC patients (Fig. 1) than in con-
trols. However, in contrast to the results obtained for the
whole group of GC patients, we found that IL-1β and IL-6
levels were significantly higher in the IGC group but not in
the DGC group, and that levels of MCP-1 were significantly
lower in the DGC group but not in the IGC group. In

Table 1 Characteristics of the gastric cancer patients and healthy blood donors included in the study

Group No. tested (%) Age Average ± SD Ratio male: female %, H. pylori +

Healthy donors 201 35.2 ± 11.1 1.01 53.0

Gastric Cancer 162 62.1 ± 13.2 0.93 72.3

Subtype

Diffuse 76 (46.9) 57.8 ± 12.6 0.68 78.4

Intestinal 49 (30.2) 60.2 ± 11.8 0.92 59.2

Mixed 30 (18.5) 63.6 ± 13.7 1.21 76.7

Other 7 (4.3) 59.6 ± 11.5 7.0 83.3
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addition, levels of TGF-β were significantly lower than
controls in the IGC group but not in the DGC group
(Fig. 1). These results were confirmed in a multivari-
ate logistic regression analyses after adjusting for age
and sex.

Analyses of circulating cytokines show important
differences between TNM stages of GC
We analyzed cytokine levels in patients with different stages
of GC compared with healthy controls and found that con-
centrations of IFN-γ and IL-10 were significantly higher in

Fig. 1 The circulating concentrations of IL-1β, IL-6, IFN-γ, IL-10, MCP-1, and TGF-β differ between healthy controls and gastric cancer patients.
Circulating concentrations of IL-1β (a), IL-6 (b), IFN-γ (c), IL-10 (d), MCP-1 (e), and TGF-β (f) in healthy controls and patients with gastric cancer
were measured by ELISA or xMAP. The gastric cancer group was divided into diffuse (DGC) and intestinal (IGC) types. All measurements were
made in duplicate. The statistical analysis was performed by Mann–Whitney U test and the results for each group are presented as median with
interquartile range
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the early stages (I/II) of GC and remained higher in late
stage (IV) GC (Fig. 2c and d). However, concentrations of
IL-1β and IL-8 were significantly higher and that of MCP-1
significantly lower in patients with stage IV GC (Fig. 2a, e,
and f) compared with controls, but not in patients with
early stage GC. Levels of TNF-α were not significantly dif-
ferent to controls at any stage of GC (Fig. 2g). Concentra-
tions of IL-6 were significantly higher and those of TGF-β

were lower than controls in patients with late stage III GC
(Fig. 2b and h). Multivariate logistic regression analyses
confirmed these results after adjusting for age and sex.

Sensitivity and specificity suggest that IL-6, IFN-γ, and IL-
10 might be useful for differentiating patients with GC
Because association analyses are not sufficient to identify
possible diagnostic markers, we next determined cutoff
values for each cytokine using ROC analysis, which
showed moderate values for the areas under the curve
(described in Additional file 1: Table S2). Using these
cutoff values, we explored the possible utility of these
cytokines as a diagnostic test (Table 4). IL-6 showed
good specificity (0.97) and low sensitivity (0.39), IFN-γ
showed low specificity (0.53) and moderate sensitivity
(0.71), and IL-10 showed moderate specificity (0.82) and
low sensitivity (0.48), suggesting that these cytokines
might be of value for identifying patients with GC. In
contrast, IL-1β and MCP-1 showed poor specificity (0.43
and 0.49, respectively), eliminating them as potentially
useful diagnostic biomarkers.

Discussion
We analyzed the systemic levels of six cytokines and two
chemokines associated with chronic gastric inflamma-
tion during H. pylori infection for potential biomarkers
to identify patients with GC. We found that increased
levels of IL-1β, IL-6, IFN-γ, and IL-10 and lower levels
of MCP-1 significantly differentiated patients with GC
from healthy controls. We also classified the GC cases
according to their TNM stage and found that higher
levels of IL-1β, IFN-γ, IL-10, and IL-8, and lower levels
of MCP-1 differentiated late stage IV GC from healthy
controls, and importantly, that IFN-γ and IL-10 differen-
tiated patients with early stage (I/II) GC from healthy
controls. These results suggest that circulating levels of
cytokines may help to identify patients in the early stages
of GC, offering the possibility of early detection for
timely treatment.
The observed differences of these cytokines between

GC patients and healthy controls are consistent with re-
ports in both animal models and human infection. For
example, IL-1β is a proinflammatory cytokine required
for the efficient control of H. pylori infection [13]. IL-1R
(−/−) mice failed to develop protective immunity but
were protected against Helicobacter-associated gastritis
and gastric preneoplasia because of their inability to
generate Helicobacter-specific Th1 and Th17 responses
[14]. In addition, the overexpression of IL-1β in the
stomach of mice led to spontaneous gastric inflamma-
tion and cancer, even in the absence of H. pylori infec-
tion [15], and IL-1β is a potent inhibitor of gastric acid
secretion [16], which may also favor the appearance of
preneoplastic lesions because of hypochloridia.

Table 2 Odds ratio and p-values for the cytokines and chemokines
evaluated as risk factor for gastric cancer

Cytokine Positive
(%)

Negative
(%)

OR IC 95% p-value

IL-1β

Healthy 65 (49) 50 (70)

Gastric cancer 68 (51) 21 (30) 2.49 1.35–4.59 0.003

IL-6

Healthy 4 (10) 111 (68)

Gastric cáncer 35 (90) 54 (32) 17.9 6.08–53.19 0.00

IFN –γ

Healthy 56 (35) 64 (61)

Gastric cancer 101 (65) 42 (39) 2.75 1.65–4.57 0.00

IL-10

Healthy 21 (36) 94 (67)

Gastric cancer 43 (64) 46 (33) 4.18 2.23–7.85 0.00

MCP-1

Healthy 59 (60) 56 (50)

Gastric cancer 38 (40) 53 (50) 0.68 0.39–1.19 0.21

IL-8

Healthy 49 (40) 71 (50)

Gastric cancer 71 (60) 71 (50) 1.45 0.89–2.37 0.17

TNF-α

Healthy 82 (57) 33 (58)

Gastric cancer 63 (43) 28 (42) 0.91 0.49–1.65 0.76

TGF-β

Healthy 64 (52) 56 (40)

Gastric cancer 58 (48) 83 (60) 0.61 0.37–0.99 0.06

p < 0.05 statistical significance

Table 3 Multivariate Logistic regression analysis for cytokines
associated with risk for gastric cancer, adjusted by age and gender

Cytokines OR 95% CI p-value

Lower Upper

IL-1β 1.89 0.75 4.77 0.178

IL-6 8.46 2.04 35.04 0.003

IFN-γ 3.02 1.35 6.78 0.007

IL-10 5.24 1.95 14.09 0.001

MCP-1 0.33 0.13 0.81 0.016

p < 0.05 statistical significance
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The increased levels of IL-6 in GC patients and their
strong association with the risk of GC that was identified
in this study indicate that IL-6 plays an important role in
GC, which is consistent with previous reports in animal
models and in patients [16, 17]. IL-6 can upregulate DNA
methyltransferases, resulting in modification of the methy-
lation status of genes associated with tumor suppression
[18]. In a mouse model of colitis-associated cancer, IL-6
stimulated the survival and proliferation of premalignant
intestinal epithelial cells, mainly because of increased
signal transducer and activator of transcription (STAT)3
signaling [19]. It has also been observed that IL-6

negatively affects the expression of genes associated with
tumor suppression and anchorage-dependence growth in
colonic epithelial cells in vitro [19]. Furthermore, it was
reported that in patients with GC, expression of IL-6 and
STAT3 was increased in GC tumor tissue and that the
level was associated with the TNM stage of GC [20].
The higher level of IFN-γ in sera of GC patients com-

pared with controls in this study could be indicative of
its role in establishing a proinflammatory microenviron-
ment in the gastric tissue, although its role in the pro-
motion of GC is still controversial. IFN-γ is upregulated
in the gastric mucosa after chronic H. pylori infection

Fig. 2 Analyses of circulating cytokines by TNM stage of GC show important differences between different stages of GC and healthy controls.
Circulating levels of IL-1β (a), IL-6 (b), IFN-γ (c), IL-10 (d), IL-8 (e), MCP-1 (f), TNF-α (g), and TGF-β (h) in healthy controls and gastric cancer patients
classified according to the TNM staging as stage I/II, III, or IV were measured by ELISA or xMAP. All measurements were made in duplicate. The
statistical analysis was performed by Mann–Whitney U test and results for each group are presented as median with interquartile range
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[21–24], and besides its role in the responses to bacterial
infection, it has also an important tumor suppressor ac-
tivity [22]. Previous studies have shown that specific T cell
responses play a critical role in inducing gastric mucosal in-
flammation [23, 24], and suggested that IFN-γ may exacer-
bate gastric inflammation and favor progression to GC.
However, more recent studies in a mouse model found that
overexpression of IFN-γ inhibited gastric carcinogenesis in-
duced by IL-1β and/or Helicobacter infection by suppress-
ing putative gastric progenitor cell expansion and by
reducing epithelial cell apoptosis via induction of an au-
tophagy program [25]. Thus, IFN-γ is a pleiotropic medi-
ator with both pro- and antitumorigenic activities. IL-10 is
also a potent pleiotropic cytokine that has the dual ability
to suppress or stimulate anticancer activity [26]. The high
amount of IL-10 found in GC patients in this study would
suggest that it is acting by suppressing anticancer
responses. In fact, when IL-10 is elevated in blood during
advanced GC, it leads to the inability to eliminate tumor
cells [27, 28]. GC cells themselves can also secrete IL-10,

which may explain its reduction in GC patients after surgi-
cal removal of their tumor [27, 28].
In contrast to the above cytokines, we found signifi-

cantly decreased levels of MCP-1 in the sera of patients
with GC. This chemokine plays an important role in the
progress of H. pylori-related gastric diseases [29], and
patients infected with H. pylori have significantly higher
expression of mcp-1 mRNA in the gastric mucosa than
patients without H. pylori infection [30]. MCP-1 is a CC
chemokine that is produced by gastric epithelial cells; it
plays a major role in regulating migration of monocytes
and lymphocytes into tissues [30] and may also promote
angiogenesis and recruitment of tumor-associated macro-
phages [31, 32]. There are few studies reporting the circu-
lating levels of MCP-1 in patients with GC, although one
study reported significantly lower levels in cancer patients
than in controls [29], which is consistent with our find-
ings. Furthermore, the authors of that study reported that
the concentration of MCP-1 in the serum of GC patients
decreased in conjunction with disease progression and
suggested that reduced plasma levels reflect the local con-
sumption of MCP-1 by GC tissue [29].
We found no significant differences in the levels of circu-

lating IL-8, TNF-α, and TGF-β between GC patients and
healthy controls. The lack of significant differences in IL-8
contrasts with previous studies where circulating IL-8 levels
were found to be increased significantly in patients who de-
veloped GC [33, 34]. Although we found no overall differ-
ence in IL-8 levels between the GC and healthy control
groups, in GC patients there was a significantly higher fre-
quency of IL-8 values in the upper quartile compared with
controls. In addition, patients with late stage (IV) GC had
significantly higher levels of circulating IL-8. These results
are consistent with studies showing that IL-8 is also pro-
duced by cancer cells and may promote angiogenesis,
tumor growth, tissue invasion, and metastatic spread [34,
35], and that high IL-8 expression directly correlates with a
poor prognosis in GC [36]. TNF-α is one of the main medi-
ators of inflammation and has been linked to several steps
involved in carcinogenesis, including cellular transform-
ation, survival, proliferation, invasion, angiogenesis, and
metastasis [37]. However, similar to previous reports [33],
we found no differences in TNF-α levels between GC
patients and healthy controls. Although TGF-β can also
promote tumor growth, invasion, and metastasis, it has
pleiotropic activity and functions as a tumor suppressor
during the early stages of GC, although it may promote
tumor growth and metastasis during late stage GC [38].
We then analyzed the differences in cytokines and

chemokines between the two types of GC (DGC and
IGC) and found that IFN-γ and IL-10 were increased
significantly in both types relative to controls. In con-
trast, IL-1β, IL-6, and TGF-β significantly differentiate
IGC but not DGC, whereas MCP-1 was significantly

Table 4 Sensitivity and specificity estimates for each cytokine as
a diagnostic test for gastric cancer

IL-1β

Sensitivity 0.76 0.68–0.85

Specificity 0.43 0.34–0.53

PPV 0.51 0.42–0.59

NPV 0.70 0.61–0.82

IL-6

Sensitivity 0.39 0.29–0.49

Specificity 0.97 0.93–1.00

PPV 0.90 0.80–0.99

NPV 0.67 0.60–0.74

IFN-ү

Sensitivity 0.71 0.63–0.78

Specificity 0.53 0.44–0.62

PPV 0.64 0.57–0.72

NPV 0.60 0.51–0.70

IL-10

Sensitivity 0.48 0.38–0.59

Specificity 0.82 0.75–0.89

PPV 0.67 0.56–0.79

NPV 0.67 0.59–0.75

MCP-1

Sensitivity 0.42 0.32–0.52

Specificity 0.49 0.40–0.58

PPV 0.39 0.29–0.49

NPV 0.51 0.42–0.61

PPV positive predictive value
NPV negative predictive value
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lower in DGC but not in IGC. These results suggest that
the pattern of cytokine production associated with GC
may differentiate DGC from IGC. The lack of studies
analyzing circulating cytokines in the different GC types
precludes any comparison, and identifies a need for
additional studies to validate our results in larger groups
of patients and in different populations.
To evaluate further the utility of these markers for differ-

entiating patients with GC from controls, we next deter-
mined the ORs and confirmed that increased levels of IL-
1β, IL-6, IFN-γ, and IL-10 were all associated with in-
creased risk of GC, noting that high levels of IL-6 increased
the risk of current GC 17.9 times. The analyses also showed
no increase in risk associated with MCP-1, IL-8, and TNF-
α, whereas there was a trend to an association of dimin-
ished TGF-β with a decreased risk of GC. This analysis
confirmed the possible value of IL-1β, IL-6, IFN-γ, and IL-
10 for differentiating patients with GC in the population
studied and suggested that TGF-β may also help in the
identification of GC risk. We then tested the utility of these
markers as a diagnostic test and found that only IL-6, IFN-
γ, and IL-10 had a useful specificity (0.97, 0.53, and 0.82 re-
spectively) and PPV (0.90, 0.64, and 0.67, respectively), but
with a low sensitivity (0.39, 0.71, and 0.48, respectively).
The other cytokines evaluated had poor value as a diagnos-
tic test. Although a number of studies report the associ-
ation of inflammation markers with GC, none reports the
value of circulating levels of markers as a diagnostic test for
GC. Such an analysis is needed for better evaluation of the
utility of candidate biomarkers in GC.
In the evaluation of possible biomarkers, there is a

need for consensus about the type of analyses that are
required to define their utility for the timely diagnosis of
patients with GC. Some authors limit their analysis to a
description of the differences in candidate markers be-
tween GC and controls and report p-values, whereas
others go further and report ORs; however, few studies
test the utility of markers as a diagnostic test and report
specificity, sensitivity, and predictive values. In this work,
we present sequential analyses of the differences, the
ORs, and diagnostic utility of circulating levels of cyto-
kines and chemokines in patients with GC to compare
the relevance of the different analytical approaches.
A consistent finding for all cytokines and chemokines

tested in this study was the high level of variation be-
tween individuals in circulating cytokine levels, which,
importantly, limits their possible value as candidate GC
biomarkers. Another limitation of our study was that the
group with GC had an average age almost twice as high
as that of the healthy blood-donor control group; and
although the multivariate logistic regression analyses
adjusted for age confirmed association with GC, results
need to be confirmed with control groups adjusted by
age and sex. It is also true that despite the investment of

hundreds of millions of dollars over the last 10 years in
studies of cancer, none of the analyzed biomarkers has
yet been approved for clinical use [39]. However, in view
of the urgent need for biomarkers in GC and the lack of
validated candidates, efforts to identify possible markers
are badly needed, particularly in regions like Latin
America that have the highest GC mortality rates. Thus,
despite their poor sensitivity, our results for IL-6, IFN-γ,
and IL-10 might offer a limited but still valuable test
with reasonable specificity and PPV to identify patients
with GC in high-risk regions.

Conclusions
Our results suggest that high circulating levels of IL-6,
IFN-γ, and IL-10 might be associated with GC, and may
be potentially useful as biomarkers to identify patients at
risk for GC. We also found that levels of IL-1β, IL-6,
MCP-1, and TGF-β might be useful to differentiate be-
tween IGC and DGC, and that high levels of IFN-γ and
IL-10 differentiated patients in the early stages of GC. Still,
we caution that studies with larger groups of patients and
properly matched control groups, are needed to confirm
these findings. When evaluating candidate biomarkers in
cancer, it is important to analyze their utility as a diagnos-
tic test, as showed in this study.
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