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This study tests the hypothesis that prediagnostic serum levels of 20 cancer-
associated inflammatory biomarkers correlate directly with future development
of head and neck, esophageal, and lung cancers in a high-risk prospective cohort.
This is a nested case—control pilot study of subjects enrolled in the Golestan
Cohort Study, an ongoing epidemiologic project assessing cancer trends in Gole-
stan, Iran. We measured a panel of 20 21 cytokines, chemokines, and inflamma-
tory molecules using Luminex technology in serum samples collected 2 or more
years before cancer diagnosis in 78 aerodigestive cancer cases and 81 controls.
Data was analyzed using Wilcoxon rank sum test, odds ratios, receiver operating
characteristic areas of discrimination, and multivariate analysis. Biomarkers were
profoundly and globally elevated in future esophageal and lung cancer patients
compared to controls. Odds ratios were significant for association between
several biomarkers and future development of esophageal cancer, including inter-
leukin-1Ra. (IL-1Ra; 35.9), interferon o2 (IFN-a2; 34.0), fibroblast growth factor-2
(FGF-2; 17.4), and granulocyte/macrophage colony-stimulating factor (GM-CSF;
17.4). The same pattern was observed among future lung cancer cases for G-CSF
(27.7), GM-CSF (13.3), and tumor necrosis factor-o. (TNF-a; 8.6). By contrast, the
majority of biomarkers studied showed no significant correlation with future
head and neck cancer development. This study provides the first direct evidence
that multiple inflammatory biomarkers are coordinately elevated in future lung
and esophageal cancer patients 2 or more years before cancer diagnosis.

I t has long been known that chronic inflammation promotes
tumor development, while emerging tumors induce both
local and systemic inflammatory responses.”' * Most cancers
are linked to somatic mutations and environmental expo-
sures,(s) but excess inflammation can accelerate the malignant
transformation, progression, and metastasis of many solid
tumors,® including those of the head and neck, aerodigestive
tract," 1V liver,(m and bladder."® Recent research also sug-
gests that an inflammatory component may be present in the
microenvironment of all neoplastic tissues, even in cancers not
causally linked to chronic inflammation."® This relationship
between chronic inflammation and cancer is so ubiquitous that
it has been called an “emerging hallmark of cancer”.'”
Several serum inflammatory molecules are elevated at the
time of diagnosis in patients with aerodigestive tract cancers,
including those of the head and neck,"®!” esophagus,"®'?
and lung.?*2* A small but growing body of published work
suggests that serum levels of some inflammatory biomarkers

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-
commercial and no modifications or adaptations are made.

are significantly upregulated long before tumors are clinically
detectable. A recent prospective study by Pine er al.*> found
abnormal serum levels of IL-8 years before patients developed
lung cancer, and similar studies have shown candidate biomar-
ker derangement several ?/ears prior to diagnosis of pancreatic
cancer,*® gastric cancer,””” non-Hodgkin’s lymphoma,® and
ovarian cancer.*”

These preliminary results are promising, as they suggest a
possible association between dysregulated serum inflammatory
molecules and the future development of certain cancers.
Nonetheless, the paucity of such studies among patients with
aerodigestive cancer highlights the need for further research to
determine the presence and significance of inflammatory dysre-
gulation prior to the emergence of clinically detectable aerodi-
gestive tumors. In this article, we present findings from a
nested case—control pilot study of 159 subjects enrolled in the
GCS,®? in which we investigated whether serum levels of 21
selected cytokines, chemokines, and other immune markers are
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associated with the clinical emergence of head and neck,
esophageal, and lung cancer at least 2 years later.

Materials and Methods

Study population. The present study is a collaboration with
the GCS. The 159 study subjects included in the present study
are all cases or controls that were originally enrolled and diag-
nosed in the GCS. The GCS is a prospective epidemiological
study of upper gastrointestinal cancers that recruited 50 045 par-
ticipants, 4075 years of age, from rural and urban parts of the
eastern Golestan Province of Iran between January 2004 and
June 2008.°? Study subjects provided detailed information
including age, gender, education level, ethnicity, socioeconomic
status, place of residence, diet, and lifelong history of tobacco,
alcohol, and opium use at the time of study entry using validated
questionnaires.®" Biological samples, including hair, nails,
urine, and blood, were collected from each participant after the
initial interview. All study subjects signed consent forms when
they enrolled in the study, which was approved by the Institu-
tional Review Boards of the Digestive Disease Research Center
at Tehran University of Medical Sciences (Tehran, Iran), the
International Agency for Research on Cancer, and US National
Cancer Institute. (Lyon, France NCI: Bethesda, MD, USA) In
addition, researchers received approval for this nested case—con-
trol study from the Institutional Review Board of Icahn School
of Medicine at Mount Sinai (New York, NY, USA) in 2011.

Of note, the Golestan province in northeastern Iran features
rates of aerodigestive tract cancers among the highest in the
world, particularly ESCC. The study of inflammation as a risk
factor for head and neck, esophageal, and lung cancers can often
be confounded by heavy tobacco and alcohol use, which can
elevate inflammatory biomarkers independently of cancer. The
Golestan population is unique in that rates of smoking and
alcohol consumption are very low among both men and
women.®? This provides an opportunity to study the relation-
ship between inflammation and cancer in a community with high
cancer incidence and low prevalence of typical confounders.

Follow-up and cancer assessment. Since enrolment in the
GCS, participants have been actively followed up each year
using telephone surveys and/or home visits. Study subjects
also receive free healthcare services at the Atrak Clinic, (Gon-
bad, Iran) a specialized gastrointestinal facility established by
the Iranian research team. The majority of gastrointestinal
malignancies among study subjects have been diagnosed at this
site. In addition, the Atrak Clinic and Golestan Cancer Regis-
try databases are reviewed each month to identify new cancer
cases among study subjects. For those diagnosed with cancer,
researchers mine medical records for detailed information
about site and histology. As of April 2013, 170 ESCC cases
have been diagnosed, along with 59 cases of lung cancer and
40 cases of HNSCC. Cases and controls for the present pilot
study were selected by researchers in the GCS and matched
for age, gender, and tobacco and alcohol use. Matched controls
were cancer-free throughout the study period.

Inflammatory biomarkers. Ten-milliliter blood samples were
collected from each study subject at the time of enrolment into
the study. Samples collected from urban participants were
immediately processed in the central laboratory at the GCS Cen-
ter, whereas samples collected in rural areas were refrigerated
(4°C) until they were transferred in cooling boxes to the central
laboratory. The maximum time between blood collection and
final processing of samples was 8 h. Blood samples were centri-
fuged and serum was aliquoted into 500-pL straws, which were
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stored at —80°C. We analyzed 159 serum samples for this pilot
study, including 81 cancer-free controls, 36 ESCC cases, 28
lung cancer cases, and 14 HNSCC cases. Study entry required
signed informed consent, age 4075 years at time of study en-
rolment, no history of cancer prior to GCS enrolment and for at
least 2 years after enrolment into the Golestan cohort. Selected
samples were transported from the central laboratory at the GCS
Center to the Icahn School of Medicine at Mount Sinai labora-
tory on dry ice and stored at —80°C for subsequent analysis.
Aliquots were thawed once and immediately analyzed to maxi-
mize reproducibility of assays.

On the day of sample analysis, serum samples were thawed
and stored on wet ice. Baseline serum levels of several analytes
(L-1B, -7, -12, -13, -170, TNF-a, -B, IFN-a2, -y, GRO, IP-10,
MIP1-a, -, MCP-1, MCP-3, FGF-2, TGF-a, sCD40L, G-CSF,
GM-CSF, and IL-1Ro) were measured using Luminex (Austin,
TX, USA) xXMAP multiplex assays (Luminex), which have been
widely used in other biomarker studies.**** The Luminex
XxMAP multianalyte profiling system is a liquid array that com-
bines fluids, optics, and digital signal processing with a color-
coded microsphere technology to permit the simultaneous quan-
titative analysis of up to 500 analytes in a single microtiter well,
including cytokines, chemokines, and other inflammatory mole-
cules. The specific multiplex array used in these analyses was the
highly sensitive HCYTOMAG-60K magnetic bead panel (EMD
Millipore) (Billerica, MA, USA). All samples were measured in
duplicate (39 unknown samples per batch) with high- and low-
quality control samples on each plate. Samples with analyte val-
ues below the lower limit of detection were estimated at half the
limit of detection for that analyte. Proportions of samples within
detectable range were calculated for each analyte (Table S1).

Statistical analysis. Median and interquartile ranges for each
biomarker were reported by disease status. P-values were
adjusted for multiple comparisons using the Bonferroni correc-
tion, which determined the critical P-value to be <0.0025
based on the number of biomarkers assessed.®” Differences in
biomarker levels between cases and controls were evaluated
by Wilcoxon rank sum test. Each cancer cohort was compared
with pooled controls. Matched variables included age, sex, cig-
arette smoking status at sampling (never, former, current 1-20
cigarettes/day, current >20 cigarettes/day) and pack-years of
smoking (none, <5, 5.1-10, 10.1-20, and >20 pack-years). To
examine associations between serum biomarker levels and
future cancer development, ORs and 95% confidence intervals
were calculated for the association between biomarker levels
and cancers of the esophagus, lung, and head and neck sepa-
rately using logistic regression models. All statistical analyses
were carried out using Stata version 11 statistical software
(StataCorp LP, College Station, TX, USA).

Exploratory analyses were carried out on the associations
between several demographic and lifestyle factors and biomar-
ker levels in the control group using multiple linear regression
models, which included the biomarker of interest, age (contin-
uous), sex, ethnicity (Turkmen vs. non-Turkmen), opium use
(ever vs. never), and cigarette smoking (0.1-10 and >10 pack-
years vs. never cigarette smokers). As distributions of biomar-
kers of inflammation were generally severely skewed, we used
their log-transformed values.

In addition, an area under ROC curve was calculated for
each biomarker using non-parametric ROC analyses. With the
same method, sensitivity and specificity of selected biomarkers
for predicting the development of each cancer type were calcu-
lated. Coefficients of variation (intra-assay and inter-assay)
were calculated for each biomarker.
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Results

One hundred and fifty-nine individuals were included in this
study, including 81 controls, 36 esophageal cancer cases, 28
lung cancer cases, and 14 head and neck cancer cases. Demo-
graphic characteristics and cigarette smoking status of cases
and controls were analyzed for each study participant
(Table 1). The mean age of participants was approximately
60 years. Males accounted for 55% of controls, and 50%,
57%, and 71% of participants with esophageal, lung, and head
and neck cancer, respectively. The majority of study partici-
pants were of Turkmen ethnicity (ranging from 75% to 86% in
study cohorts). Among controls, 37% of participants had
smoked at some point in life; 25% of esophageal cancer cases
and 50% of lung and head and neck cancer cases had smoked
at some point in life. There was no significant difference
between cohorts for any of the variables described.

Coefficients of variation (intra-assay and inter-assay) were
calculated for each biomarker (Table S1), which ranged from
4.4% to 21.7% for intra-assay coefficients, and from 6.1% to
34.7% for inter-assay values. The proportion of samples within
the measurable range was also calculated for each biomarker
(Table S2). Our first Luminex assay analyzed 28 inflammatory
molecules of potential interest. However, as the results for
several biomarkers (IL-2, -4, -5, -6, -8, -10, and vascular
endothelial growth factor) were universally low and at similar
levels among the four cohorts, these seven were dropped from
the remainder of the analyses.

Table 1. Characteristics of Golestan Cohort Study participants at
baseline
Head
o Control Esophageal Lung and
Characteristics (n - 81) cancer cancer neck
(n = 36) (n = 28) cancer
(n=14)
Age, mean 59.9 (10.0) 60.5 (10.2) 58.8 (9.1) 60.6 (11.9)
years (SD)
Sex
Women 36 (44.4) 18 (50.0) 12 (42.9) 4 (28.6)
Men 45 (55.6) 18 (50.0) 16 (57.1) 10 (71.4)
Ethnicity
Non-Turkmen 16 (19.8) 6 (16.7) 7 (25.0) 2(14.3)
Turkmen 65 (80.2) 30 (83.3) 21 (75.0) 12 (85.7)
Cigarette smoking
Status
Never 51 (63.0) 27 (75.0) 14 (50.0) 7 (50.0)
Former 7 (8.6) 3(8.3) 1(3.6) 2(14.3)
Current, <20 16 (19.7) 5(13.9) 8 (28.6) 4 (28.6)
cigarettes
Current, >20 7 (8.6) 1(2.8) 5(17.9) 1(7.1)
cigarettes
Cumulative use
None 51 (63.0) 27 (75.0) 14 (50.0) 7 (50.0)
<5 pack-years 5(6.2) 3(8.3) 2(7.1) 0 (0.0)
5.1-10 6 (7.4) 1(2.8) 1(3.6) 3(21.4)
10.1-20 6 (7.4) 1(2.8) 3(10.7) 2(14.3)
>20 13 (16.0) 4(11.1) 8 (28.6) 2(14.3)

Except for age, values are shown as n (%). Using t-tests (for age) and
x>-tests or Fisher's exact tests (for categorical variables), there was no
difference between values in each cancer group and in the control
group.
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Median serum levels and interquartile ranges of the studied
biomarkers of inflammation by disease status are shown in
Table 2. Most biomarker levels at baseline were much higher
in eventual esophageal cancer and lung cancer patients than in
controls (Fig. 1). Several biomarkers showed marked differ-
ences in median levels between controls and future esophageal
and lung cancer cases. The median serum level of FGF-2
among controls was 139.6 pg/mL, whereas that among future
esophageal and lung cancer cases was found to be 341.9 pg
/mL and 306.7 pg/mL, respectively (P < 0.0001). Trends were
similar for many other biomarkers studied, including GM-CSF,
IFN-o2, IL-1RF, and TNF-o. Median serum concentration of
each of these biomarkers was greater than double among
future esophageal and lung cancer cases as compared to con-
trols (all, P < 0.0001). By contrast, these trends were not
observed among individuals who later developed head and
neck cancer, for whom no values were significant when using
the Bonferroni-corrected P-value of 0.0025.

Odds ratios (with 95% confidence intervals) were calculated
to determine the association between baseline serum biomarker
levels and the development of cancer over time. Elevated predi-
agnostic serum levels of several biomarkers were found to be
strongly associated with the later development of esophageal
cancer, including IL-1Ra (OR 35.88, 4.69-274.51), IFN-02
(OR 34, 4.44-260.51), FGF-2 (OR 17.43, 3.92-77.4), and
IL-12p70 (OR 17, 3.82-75.57). Among patients who went on to
develop lung cancer, elevated baseline levels of G-CSF (OR
27.68, 3.59-213.46), GM-CSF (OR 13.33, 2.97-59.89), IL-1Ra
(OR 8.54, 2.39-30.55), and IL12-p70 (OR 8.33, 2.33-29.83)
were most strongly associated with future cancer development.
By contrast, only elevated baseline levels of IFN-02 showed a
significant association with future development of HNSCC (OR
6, 1.26-28.55) (Table 3). Regression coefficients were used to
determine associations between baseline serum biomarker levels
and other variables in the control group. Biomarker levels were
found to be higher with older age, Turkmen ethnicity, and ciga-
rette smoking, but lower in men and among opium users. GRO
and sCD40L showed opposite correlations. The majority of
these results were not significant. Significant associations were
observed between these variables and a few specific biomarkers:
Turkmen ethnicity (RC = 1.15; P =0.02) and smoking
(RC = 1.68; P = 0.03) were associated with higher levels of
IL-1B among controls. Of note, male gender and opium use
were both associated with lower levels of most of the serum
inflammatory biomarkers studied. These observations were
significant for TNF-, IL-7, and MIP-1f (Table 4).

The ROC areas for discrimination of head and neck, lung,
and esophageal cancers from controls were also calculated for
each biomarker studied (Table S3). The highest ROC area was
88% for esophageal cancer (GM-CSF and IFN-02) and 85%
for lung cancer (GM-CSF). None of the biomarkers had a
ROC area >69% for discrimination of head and neck cancer
patients from controls. We selected five biomarkers that
showed highest ROC in all three cancers, including FGF-2,
GM-CSF, IFN-02, IL-1R, and TNF-o, These biomarkers
showed moderate ability to discriminate cancer patients from
controls (Table S4). As these variables were highly correlated,
combining these biomarkers did not markedly increase dis-
crimination (data not shown).

Discussion

This pilot study is an investigation of the association between
prediagnostic serum inflammatory biomarkers levels and future
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Table 2. Medians (interquartile ranges) of inflammatory biomarkers by disease status (pg/mL) in Golestan Cohort Study participants

Esophageal Lung Head and
. Control
Biomarker (n - 81) cancer P-value cancer P-value neck cancer P-value
(n = 36) (n = 28) (n=14)
FGF-2 139.6 (120.6-182.7) 341.9 (217.4-515.3) <0.0001*  306.7 (246.4-476.2) <0.0001* 194.8 (152.4-265.8) 0.04
G-CSF 107.4 (85.3-148.1) 239.8 (137.6-480.9) <0.0001*  222.5(141.9-401.7) <0.0001* 139.4 (121.6-198.2) 0.08
GM-CSF 21.3 (14.5-31.1) 63.7 (39.8-153.1) <0.0001* 63.3 (36.4-115.3) <0.0001* 33.7 (23.5-48.4) 0.03
GRO 450.1 (299.1-718.3) 599.3 (389.8-850.3) 0.0500 592.3 (393.1-972.0) 0.0400 654.4 (388.7-1037.7) 0.17
IFN-02 67.6 (35.0-108.3) 245.3 (139.3-502.0) <0.0001*  251.0 (145.9-466.7) <0.0001* 124.7 (86.7-189.0) 0.03
IFN-y 18.8 (11.9-22.6) 39.8 (23.4-65.5) <0.0001* 40.7 (23.6-67.2) <0.0001* 17.9 (11.6-25.1) 0.68
IL-12p70 20.5 (13.3-39.0) 102.5 (43.5-269.5) <0.0001* 81.4 (48.2-173.6) <0.0001* 26.9 (15.8-46.7) 0.36
IL-13 11.1 (7.6-16.2) 33.1 (18.4-64.9) <0.0001* 29.4 (14.0-54.1) <0.0001* 8.7 (3.2-13.9) 0.14
IL-17a 7.6 (4.7-10.9) 24.5 (11.1-46.6) <0.0001* 25.0 (13.9-40.4) <0.0001* 11.0 (5.9-15.1) 0.14
IL-1Ro 116.2 (90.3-179.8) 415.0 (232.2-1254.5) <0.0001*  413.2 (207.9-760.1) <0.0001*  202.8 (137.3-244.5) 0.03
IL-1B 6.2 (4.5-10.4) 20.4 (9.5-37.3) 0.0001* 14.2 (8.6-30.6) 0.0020* 4.7(3.2-9.5) 0.24
IL-7 30.1 (19.8-45.4) 91.9 (45.7-174.9) <0.0001* 81.6 (42.6-173.6) <0.0001* 32.7 (26.9-47.9) 0.41
IP-10 357.8 (282.7-501.0) 509.8 (309.5-828.2) 0.0300 569.3 (458.5-825.4) 0.0002*  375.7 (297.2-512.7) 0.62
MCP-1 262.4 (187.5-316.0) 291.8 (209.3-478.0) 0.0500 361.0 (249.4-491.1) 0.0009*  339.6 (252.5-377.4) 0.03
MCP-3 29.9 (14.2-42.6) 76.3 (53.7-119.4) <0.0001* 68.6 (52.7-106.2) <0.0001* 40.5 (30.7-55.2) 0.23
MIP-10 10.1 (3.0-19.7) 26.4 (14.2-44.0) 0.0500 25.3 (16.4-38.9) 0.0002* 10.7 (3.2-15.3) 0.68
MIP-1B 64.4 (40.8-95.8) 137.1 (90.4-242.8) <0.0001*  128.3 (87.4-238.2) <0.0001* 74.7 (63.6-99.8) 0.27
sCD40L 5728.5 (1835.5-9545.0) 9831.0 (4070.0-14212.0)  0.0002* 8476.0 (3866.8-14212.0) 0.0100  4848.5 (1563.0-10000.0) 0.87
TGF-o 3.9 (2.3-8.2) 15.1 (6.8-28.7) <0.0001* 14.0 (6.5-22.1) <0.0001* 4.6 (3.2-6.8) 0.67
TNF-o 18.8 (13.2-25.0) 31.1 (21.2-77.7) <0.0001* 34.9 (24.5-80.4) <0.0001* 18.4 (14.8-23.7) 0.71
TNF-B 5.7 (0.9-10.1) 21.2 (10.2-33.1) <0.0001* 17.7 (9.8-31.2) <0.0001* 9.3 (3.2-13.5) 0.03

*Data points that still achieve significance using a more rigorous P-value of 0.0025, obtained using the Bonferroni correction for multiple com-
parison. FGF, fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte/macrophage colony-stimulating factor;
GRO, growth-related oncogene; IFN, interferon; IL, interleukin; IP-10, interferon-y-inducible protein-10; MCP, monocyte chemoattractant protein;
MIP, macrophage inflammatory protein; sCD40L, soluble CD40 ligand; TGF, transforming growth factor; TNF, tumor necrosis factor.

Fig. 1.

Global Biomarker Levels for All Cohorts

Patients

Control (n=81)

HNSCC (n=14)

ESCC (n=36)

Lung(n=28)

Biomarkers

50t % <10 %

Global representation of baseline serum levels of 21 cancer-associated biomarkers (interleukin [IL]-1B, -7, -12, -13, 174, tumor necrosis

factor [TNF]-o, TNF-B, interferon [IFN]-02, IFN-y, growth-related oncogene, interferon-y-inducible protein-10, macrophage inflammatory protein
[MIP]1-0, MIP1-B, monocyte chemoattractant protein-3, fibroblast growth factor-2, transforming growth factor-o, soluble CD40 ligand, granulo-
cyte colony-stimulating factor, granulocyte/macrophage colony-stimulating factor, and IL-1Ra) in esophageal cancer, lung cancer, and head and
neck cancer patients and matched controls at least 2 years prior to diagnosis. Biomarker levels in red reflect serum values above the 90th percen-
tile of results, those in yellow represent biomarkers at the 50th percentile, and those in green represent levels below the 10th percentile of
results. ESCC, esophageal squamous cell carcinoma; HNSCC, head and neck squamous cell carcinoma.

development of aerodigestive tract cancers. In this study
cohort, baseline levels of a wide range of cancer-associated
serum inflammatory biomarkers were grossly elevated at least
2 years prior to diagnosis among individuals who went on to
develop lung and esophageal cancer as compared to future
head and neck cancer patients and matched controls (Fig. 1).
Elevated levels of IL-1Ra, IFN-02, FGF-2, and IL-12p70
showed the strongest correlation with future esophageal cancer
development. Among future lung cancer patients, elevated

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

baseline levels of G-CSF, GM-CSF, IL-1Ra, and IL12-p70
showed the strongest association with cancer development.
There were no strong associations between elevated levels of
the biomarkers studied and future development of head and
neck cancer.

Abundant research has shown many of the biomarkers studied
here to be elevated among individuals with established cancers
at or after the time of diagnosis. As these molecules modulate
multiple immune/inflammatory responses, the specific roles of
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Table 3. Odds ratios (95% confidence intervals) for the association
between biomarker levels and esophageal, lung, and head and neck
cancers in Golestan Cohort Study participants

Bio Esophageal Lung Head and
marker cancer cancer neck cancer
FGF-2 17.43 (3.92-77.4) 4.72 (1.63-13.62)  3.76 (0.98-14.48)
G-CSF 5.13 (1.93-13.64) 27.68 (3.59-213.46) 3.76 (0.98-14.48)
GM-CSF  17.43 (3.92-77.40)  13.33 (2.97-59.89)  3.76 (0.98-14.48)
GRO 1.81 (0.81-4.07) 1.85 (0.76-4.49) 1.85 (0.57-5.99)
IFN-0.2 34 (4.44-260.51)  8.33 (2.33-29.83) 6 (1.26-28.55)
IFN-y 5(1.87-13.36) 8 (2.23-28.76) 1.6 (0.48-5.32)
IL-12p70 17 (3.82-75.57) 8.33 (2.33-29.83) 1.8 (0.55-5.84)
IL-13 10.67 (3.01-37.75) 4.6 (1.58-13.33)  0.75 (0.24-2.36)
IL-17a 6.36 (2.25-17.98) 8.54 (2.39-30.55) 2.56 (0.74-8.84)
IL-1Ra 35.88 (4.69-274.51) 8.54 (2.39-30.55) 12.3 (1.53-99.05)
IL-1B 4 (1.57-10.21) 4.6 (1.59-13.3) 0.75 (0.24-2.36)
IL-7 11 (3.12-38.81) 6 (1.91-18.87) 1.33 (0.42-4.19)
IP-10 1.61 (0.72-3.58) 6.15 (1.96-19.32) 1.85 (0.57-5.99)
MCP-1 1.61 (0.72-3.58) 3.08 (1.18-8.03) 2.56 (0.74-8.84)
MCP-3 10.94 (3.09-38.68) 8.55 (2.39-30.62) 3.4 (0.87-13.37)
MIP-10a 5(1.88-13.32) 8.33 (2.33-29.83) 1(0.32-3.11)
MIP-1 17.43 (3.92-77.4) 6.15 (1.96-19.32) 2.56 (0.74-8.84)
sCD40L 2.27 (0.99-5.23) 1.8 (0.74-4.38) 0.75 (0.24-2.36)
TGF-o 6.15 (2.17-17.49) 8.55(2.39-30.62)  1.37 (0.43-4.3)
TNF-o 8.2 (2.66-25.31) 8.55 (2.39-30.55) 0.77 (0.24-2.41)
TNF-B 5(1.88-13.32) 6 (1.91-18.87) 2.25 (0.64-7.91)

FGF, fibroblast growth factor; G-CSF, granulocyte colony-stimulating
factor; GM-CSF, granulocyte/macrophage colony-stimulating factor;
GRO, growth-related oncogene; IFN, interferon; IL, interleukin; IP-10,
interferon-y-inducible protein-10; MCP, monocyte chemoattractant
protein; MIP, macrophage inflammatory protein; sCD40L, soluble
CD40 ligand; TGF, transforming growth factor; TNF, tumor necrosis
factor.

each biomarker in promoting carcinogenesis are complex and
multifactorial. Nonetheless, the biomarkers found to be most
strongly correlated with future lung and/or esophageal cancer in
this study were either Thl-cell stimulating inflammatory mole-
cules (IL-1Ra, IL-12p70, IFN-02) or growth factors (FGF-2,
G-CSF, GM-CSF). Interleukin-1Ro, IL-12p70, and IFN-02
impact a variety of inflammatory signaling pathways involved in
the response to viral infection. Fibroblast growth factor-2
promotes angiogenesis, while G-CSF inhibits apoptosis and
GM-CSF acts as a growth factor for white blood cells.

Recent research has suggested that elevated levels of certain
prediagnostic inflammatory biomarkers may also be associated
with an increased likelihood of developing cancer over time.
Multiple studies have shown elevated serum levels of C-reac-
tive protein to be associated with an increased risk of develop-
ing lung cancer.?>*3® A nested case—control study found an
association between elevated serum levels of several biomar-
kers (IL-2, -4, -6, -12(p40), and -13) and the development of
epithelial ovarian cancer up to 5 years later.* Another nested
case—control study within the prostate, lung, colorectal, ovarian
cohort reported that among future non-Hodgkin’s lymphoma
patients, elevations in serum soluble TNF receptor 1 and solu-
ble CD27 were present over 6 years prior to diagnosis.*®
These findings support the hypothesis that inflammatory bio-
markers may become deranged long before some cancers are
clinically detectable. However, patterns of inflammatory dysre-
gulation are likely cancer-specific, and the utility of this tech-
nique may vary depending on the cancer being studied.

While there is a correlation between baseline serum inflam-
matory biomarker levels and future lung and esophageal cancer
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development in this cohort, it remains unclear why such strik-
ing patterns of inflammatory dysregulation are observed 2 or
more years prior to cancer diagnosis, particularly when there
are no significant differences between cases and controls
regarding age, ethnicity, and smoking patterns. We offer two
potential explanations for this observation. First, this associa-
tion may be driven by exposure to an as-yet-unidentified
inflammatory carcinogen among this patient population. Sev-
eral risk factors for esophageal squamous cell carcinoma are
specific to the community living in Golestan, Iran, including
consumption of very hot tea, low fruit and vegetable intake,
and low socioeconomic status.®” Replication of this study in
prospective cohorts with different patterns of risk factors is
essential to elucidate this question further. By contrast, these
findings may suggest that immune dysregulation is the first
detectable sign of an existing, indolent lung or esophageal car-
cinoma that is small enough to evade clinical detection, as
Purdue e al.®® suggested in their analysis of elevated inflam-
matory biomarkers among future non-Hodgkin’s lymphoma
cases. Assessing biomarker levels in a prospective cohort at
multiple time points prior to cancer diagnosis may further clar-
ify the underlying mechanism at work here.

Another surprising observation in this study is that inflam-
matory biomarkers are markedly upregulated in future lung
and esophageal cancer patients, whereas inflammatory profiles
among individuals who later develop head and neck cancer
are similar to those of the control population. This finding is
of particular interest, as substantial research has already indi-
cated the role of chronic inflammatory dysfunction in the
pathogenesis and progression of head and neck cancers. It is
difficult to make strong conclusions about these results due
to the small number of head and neck cancer patients
included in this pilot study. These findings must be validated
in a future prospective study that includes a larger number of
head and neck cancer patients and stratifies by human papil-
lomavirus status.

This study has several strengths. It is among the first to
assess a broad panel of inflammatory biomarkers in prediag-
nostic serum samples of patients who later developed head and
neck, lung, and esophageal cancers. It also features a study
population that, due to relatively low rates of tobacco and
alcohol use, provides a unique opportunity to examine the rela-
tionship between inflammatory molecules and cancer with
reduced confounding by known inflammatory carcinogens.

This study also has several limitations. As it is a small pilot
study designed to assess feasibility, our findings are suggestive
rather than definitive. Nonetheless, the strong trend towards
elevated serum inflammatory biomarkers observed among
future esophageal and lung cancer patients justify validation of
these observations in a larger prospective study. In addition,
findings from this study may not be generalizable to a Western
population of lung and esophageal cancer patients, as the com-
munity in Golestan has a unique set of environmental expo-
sures, cultural practices, and genetic predispositions. These
variables may explain why this study did not find elevated lev-
els of pro-inflammatory cytokines IL-6 and IL-8 among sub-
jects who later developed lung cancer, whereas previous
studies have noted a correlation between individuals with ele-
vated prediagnostic levels of these biomarkers and future
development of lung cancer.”> Given the substantial number
of differences between this population and others that have
previously been studied, follow-up studies in both Western and
international populations are necessary to determine validity
and reproducibility of these findings.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Table 4. Association between selected demographic and lifestyle factors and biomarkers among Golestan Cohort Study controls: Regression

coefficients (P-value)

Cigarette use, pack years

. Age, years Sex, men Ethnicity, Opium use,

Biomarker .

(continuous) (n = 26) Turkmen (n = 39) ever (n=7) 0.1-10 (n = 6) 10 (n = 9)
FGF-2 0.01 (0.13) —0.19 (0.07) 0.07 (0.59) —0.23 (0.15) 0.08 (0.62) 0.19 (0.26)
G-CSF 0.00 (0.55) 0.03 (0.85) 0.13 (0.43) —0.24 (0.23) 0.10 (0.61) 0.22 (0.31)
GM-CSF 0.00 (0.55) —0.05 (0.71) 0.16 (0.40) —0.20 (0.38) —0.27 (0.23) 0.18 (0.46)
GRO —0.01 (0.17) 0.14 (0.58) —0.30 (0.35) 0.66 (0.09) —0.57 (0.15) —0.77 (0.07)
IFN-02 0.01 (0.71) —0.58 (0.13) 0.26 (0.59) —0.82 (0.16) 0.35 (0.55) 0.51 (0.41)
IFN-y 0.00 (0.70) —0.01 (0.97) 0.30 (0.26) —0.30 (0.34) 0.13 (0.67) 0.24 (0.47)
IL-12p70 0.01 (0.19) —0.25 (0.31) 0.12 (0.72) —0.60 (0.12) 0.04 (0.91) 0.58 (0.17)
IL-13 0.00 (0.61) —0.27 (0.09) 0.20 (0.32) —0.28 (0.23) 0.05 (0.85) 0.17 (0.51)
IL-170 0.01 (0.40) —0.21 (0.23) 0.16 (0.49) —0.26 (0.34) 0.06 (0.83) 0.55 (0.06)
IL-1Ra 0.01 (0.40) —0.29 (0.16) 0.28 (0.29) —0.42 (0.19) 0.11 (0.71) 0.40 (0.24)
IL-18 0.02 (0.38) —0.52 (0.25) 1.15 (0.05) —1.28 (0.07) 0.52 (0.46) 1.68 (0.03)
IL-7 0.01 (0.19) —0.31 (0.15) 0.15 (0.58) —0.70 (0.04) 0.31 (0.34) 0.54 (0.13)
IP-10 0.01 (0.13) —0.30 (0.11) 0.43 (0.08) —0.49 (0.09) —0.01 (0.97) 0.27 (0.37)
MCP-1 0.01 (0.30) —0.27 (0.17) 0.25 (0.33) —0.25 (0.41) 0.32 (0.30) 0.54 (0.10)
MIP-1a 0.03 (0.28) —0.44 (0.49) 0.47 (0.58) —1.42 (0.16) 0.85 (0.39) 0.80 (0.45)
MIP-1B 0.02 (0.26) —0.49 (0.29) 0.78 (0.19) —1.56 (0.03) 0.60 (0.40) 0.96 (0.21)
MCP-3 0.00 (0.91) —0.51 (0.10) 0.25 (0.54) —0.44 (0.35) 0.09 (0.84) 0.20 (0.70)
PGE-2 —0.03 (0.10) 0.03 (0.94) 0.25 (0.68) —0.49 (0.42) —0.15 (0.83) 0.75 (0.29)
sCD40L 0.00 (0.91) 0.44 (0.25) —0.27 (0.58) 0.73 (0.21) —0.51 (0.39) —1.23 (0.06)
TGF-a 0.02 (0.05) —0.25 (0.36) 0.25 (0.49) —0.71 (0.09) 0.10 (0.82) 0.27 (0.55)
TNF-o 0.02 (0.12) —0.27 (0.43) 0.63 (0.16) —1.01 (0.06) 0.43 (0.41) 0.83 (0.14)
TNF-B 0.01 (0.59) —1.16 (0.01) 0.43 (0.42) —0.27 (0.67) 0.40 (0.53) 1.02 (0.14)

Reference groups for categorical variables were as follows: sex, women (n = 22); ethnicity, non-Turkmen (n = 9); opium, never-users (n = 41);
and cigarette use, never-users (n = 33). FGF, fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte/macro-
phage colony-stimulating factor; GRO, growth-related oncogene; IFN, interferon; IL, interleukin; IP, interferon-y-inducible protein; MCP, mono-
cyte chemoattractant protein; MIP, macrophage inflammatory protein; PGE-2, prostaglandin E2; sCD40L, soluble CD40 ligand; TGF, transforming

growth factor; TNF, tumor necrosis factor.

In summary, we found significantly increased levels of mul-
tiple biomarkers of inflammation in persons who went on to
develop esophageal and lung cancer, at least 2 years prior to
cancer development. These findings may represent exposure to
an unknown inflammatory carcinogen, or inflammation associ-
ated with occult cancer long before it becomes -clinically
detectable. Several of the biomarkers studied showed strong
association with future esophageal and lung cancer develop-
ment, suggesting that they might be useful as predictive bio-
markers. These results need to be validated in future studies
that will include other populations and assesses biomarker
trends at multiple time points prior to cancer development.
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