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Abstract

Background: Circulating inflammation proteins may be important mediators or markers of 

carcinogenic mechanisms. There have been few studies with limited numbers of analytes in 

patients with upper gastrointestinal tract tumors. We therefore evaluated risk associations of gastric 

and esophageal cancers with prediagnostic levels of a wide range of these molecules.

Methods: We performed a case-cohort analysis within the Japan Public Health Center-Based 

Study II, including incident cases of gastric (n=446) and esophageal (n=68) cancers and a random 

subcohort (n=774). Sixty-four biomarkers were measured in baseline plasma using Luminex 

bead-based assays. The median time between blood collection and diagnosis was 8.1 years for 

gastric cancer and 9.4 years for esophageal cancer. Hazard ratios for association with each marker 

were adjusted for potential confounders using Cox regression.

Results: In separate models, sEGFR and TSLP were nominally associated with gastric cancer 

risk, and CRP, CXCL11/ITAC, and CCL15/MIP1D were associated with esophageal cancer. 
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However, no association satisfied statistical significance after false discovery rate correction. 

Associations did not differ by time from blood collection to cancer (<5 vs. ≥5 years).

Conclusion: Our study failed to identify associations of circulating inflammation markers with 

risk of upper gastrointestinal tract tumors.

Impact: To date, this is the largest assessment of inflammation-related proteins with gastric 

and esophageal cancer risks. However, the evaluated molecules may not fully represent the 

complex inflammation processes preceding malignant transformation. Further investigation of 

other markers in prospective studies is warranted, as demonstration of associations may have 

important implications for prevention and treatment of these cancers.

Keywords

Gastric cancer; esophageal cancer; biomarker; inflammation; JPHC

BACKGROUND

Chronic inflammation is a recognized etiology of upper gastrointestinal tract cancers, major 

causes of morbidity and mortality worldwide. In carcinogenesis of the noncardia (distal) 

stomach, mucosal colonization by Helicobacter pylori induces chronic inflammation that 

may variably progress to atrophy, intestinal metaplasia, dysplasia and adenocarcinoma (1). 

On the other hand, the bacterial infection is inversely or not at all related to cardia (proximal 

stomach) and esophageal cancers in most populations. Smoking and alcohol consumption 

are additional risk factors for cancers of both of these organs (2).

Mucosal injury and regeneration are characterized by a complex interaction of signaling 

molecules, including pro- and anti-inflammatory cytokines, soluble receptors and 

angiogenesis and growth factors. Circulating levels of these proteins may be informative 

either as markers of local activity or through systemic effects. We therefore evaluated their 

associations with gastric and esophageal cancer risks in a prospective study.

MATERIALS AND METHODS

Study population: The Japan Public Health Center-based Prospective (JPHC) Study Cohort 

II is an ongoing study of middle-aged adults enrolled in 1993–94, including 23,335 

who donated baseline blood samples (3). Participants were followed for cancer through 

December, 2010. For this case-cohort analysis, a subcohort of 774 individuals was selected 

by age- and sex-stratified random sampling. A total of 446 gastric cancers (ICD-O 

codes C16.0-C16.9) and 68 esophageal cancers (ICD-O codes C15; mainly representing 

esophageal squamous cell carcinomas, ESCC) were identified among the blood donors, 

including 27 cases among members of the subcohort. Informed written consent was obtained 

from all the individuals. The JPHC study was institutional review board approved and 

conducted in accordance with recognized ethical guidelines.

Laboratory assays: Circulating levels of 64 inflammation-related biomarkers were measured 

in heparinized plasma using five Luminex bead-based multiplex assay panels (Cytokine 

I, Cytokine II, Soluble Receptors, Cardiovascular Disease and High Sensitivity T Cell; 
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EMD-Millipore Inc, Billerica, MA). Two biomarkers (IL3 and TNFB) detected in <10% of 

samples were excluded from analysis.

Statistical analyses: Biomarkers were analyzed as ordinal variables (two to four categories 

depending upon proportion of measurements below the lower limit of detection) based on 

distributions among the subcohort members. Cox proportional regression models with a 

baseline hazard stratified by age-group and sex were used to calculate hazard ratios and 95% 

confidence intervals for associations of each biomarker with cancer risks, accounting for the 

case-cohort design (4). Age was used as the model time metric. False discovery rate (FDR) 

corrected p-values were also calculated to adjust for multiple comparisons. We performed 

stratified analyses by latency from blood collection to cancer diagnosis (<5 vs. ≥5 years) and 

by gastric anatomic subsite (proximal vs. distal). We also restricted to seropositive H. pylori 
subcohort members as a sensitivity analysis. Tests of statistical significance were based on 

two-sided p-values <0.05. All analyses were performed using SAS software version 9.4 

(SAS Inc, Cary, NC).

RESULTS

Baseline characteristics of subcohort members and cases are presented in the Table. The 

median time from blood collection to disease diagnosis was 8.1 years (interquartile range 

[IQR]: 4.2–12.7 years) for gastric cancer and 9.4 years (IQR: 5.1–13.0 years) for esophageal 

cancer. Compared with subcohort members, gastric cancer cases had higher frequencies 

of gastric cancer family history, cigarette smoking and salty foods consumption, while 

esophageal cancer cases had higher percentages of smoking and alcohol use.

The Figure 1 shows the 62 evaluable biomarkers and their associations with risks of gastric 

(A) and esophageal (B) cancer. Levels of sEGFR (Ptrend=0.017) and TSLP (Ptrend=0.048) 

were nominally associated with gastric cancer risk, and CRP (Ptrend=0.015), CXCL11/ITAC 

(Ptrend=0.017), and CCL15/MIP1D (Ptrend=0.043) with esophageal cancer. However, none of 

the Ptrends remained statistically significant with FDR correction. Neither stratified analysis 

by latency nor restriction to H. pylori seropositive cohort members revealed any significant 

associations. Hazard ratios for proximal and distal cancers were similar to gastric cancer 

overall.

DISCUSSION

Despite the well-known role of local inflammation in gastroesophageal cancers, systemic 

levels of inflammatory proteins were not associated with incidence of these tumors during 

almost two decades of follow-up. Even within 5 years of cancer diagnosis, when effects 

of early disease may be manifest, circulating levels were unremarkable. Our multiplex 

method to assess the biomarkers is extensively validated. Other study strengths include the 

population-based design, large numbers of cases, and adjustment for relevant risk factors.

Our findings for gastric cancer did not replicate previously reported modest associations 

based on plasma samples from the first JPHC Cohort for CRP and SAA (494 case-control 

pairs) (5), and in the Shanghai Health Cohorts for IL8 among men (180 cases vs. 358 

controls) (6), and IL6 among women (141 cases vs. 282 controls) (7). For esophageal cancer, 
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our findings differ from the results of the Iranian Golestan Cohort study, which found strong 

associations in a relative small sample set (36 ESCC cases vs. 81 controls) with 15 of the 

markers we evaluated (8).

In conclusion, our study did not identify systemic markers for gastroesophageal cancers. 

Given the complexity of the immune response, these findings do not preclude potential 

associations with other inflammation-related molecules. Further study is warranted to 

identify underlying mechanisms of digestive tract carcinogenesis that could eventually yield 

to targeted prevention and treatment approaches.
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1A. 
Adjusted associations of inflammatory biomarkers with incident gastric cancer in the JPHC 

study cohort II.

Gastric cancer hazard ratios (HR) and 95% confidence intervals (95% CIs) for gastric 

cancer risk per quantile increase of inflammation-related biomarkers. Estimates from Cox 

proportional regression models adjusted for age (in years), sex, study area (six public health 

centers), family history of gastric cancer (yes vs. no), smoking habits (never, former, current 

≤ 20 cigarettes/day, current > 20 cigarettes/day, unknown), and salty/preserved foods intake 

(0 vs. > 0 g/day).
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1B. Adjusted associations of inflammatory biomarkers with incident esophageal cancer in 

the JPHC study Cohort II.

Esophageal cancer hazard ratios (HR) and 95% confidence intervals (95% CIs) per quantile 

increase of inflammation-related biomarkers. Estimates from Cox proportional regression 

models adjusted for age (in years), sex, study area (six public health centers), smoking 

habits (never, former, current ≤ 20 cigarettes/day, current > 20 cigarettes/day, unknown), and 

alcohol drinking (never/occasional, current < 300 g/week, current ≥ 300 g/week, unknown).

Constanza Camargo et al. Page 6

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2021 November 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Constanza Camargo et al. Page 7

TABLE.

Baseline characteristics of JPHC Cohort II gastric and esophageal cancer cases and subcohort members

Subcohort
n=774

Gastric cancer*
n=446

Esophageal cancer*
n=68

Age at enrollment, mean ± SD, years 60.1 ± 7.5 59.9 ± 7.9 59.0 ± 7.5

Male, n (%) 413 (53.4) 270 (60.5) 58 (85.3)

Family history of gastric cancer, n (%)* 59 (7.6) 49 (11.0)

Smoking, n (%)

 Never 452 (58.4) 223 (50.0) 13 (19.1)

 Former 134 (17.3) 80 (18.0) 18 (26.5)

 Current ≤20 cig/day 129 (16.7) 99 (22.2) 24 (35.3)

 Current >20 cig/day 47 (6.1) 43 (9.6) 11 (16.2)

 Unknown 12 (1.5) 1 (0.2) 2 (2.9)

Alcohol drinking, n (%)

 Never/occasional 552 (71.3) 310 (69.5) 25 (36.8)

 1+ per day and <300 g/week 135 (17.4) 98 (22.0) 22 (32.3)

 1+ per day and ≥300 g/week 64 (8.3) 31 (6.9) 18 (26.5)

 Unknown 23 (3.0) 7 (1.6) 3 (4.4)

H. pylori status, n (%)

 Seropositive 501 (64.7) 383 (85.9) 49 (72.1)

 Seronegative 230 (29.7) 37 (8.3) 16 (23.5)

 Unknown 43 (5.6) 26 (5.8) 3 (4.4)

Salty/preserved food intake, n (%)

 0 g/day 363 (46.9) 176 (39.5)

 > 0 g/day 411 (53.1) 270 (60.5)

Gastric anatomic subsite, n (%)

 Proximal (C160–1) 32 (7.2)

 Distal (C162–6) 272 (61.0)

 Overlapping/unspecified (C168–9) 142 (31.8)

Clinical stage, n (%)

 Early/localized 234 (52.5) 29 (42.6)

 Advanced** 152 (34.1) 26 (38.2)

 Unknown 60 (13.4) 13 (19.2)

Abbreviations: SD, standard deviation.

*
Totals include 23 gastric cancer cases and 4 esophageal cancer cases in the subcohort.

**
Includes regional lymph node extension, adjacent organ invasion, distant metastasis.
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