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Abstract

Background—African Americans have a higher risk of developing lung cancer than European 

Americans. Previous studies suggested that certain circulating cytokines were associated with lung 

cancer. We hypothesized that variations in serum cytokine levels exist between African Americans 

and European Americans, and increased circulating cytokine levels contribute to lung cancer 

differently in the two races.
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Methods—Differences in ten serum cytokine levels, interleukin (IL)-1β, IL-4, IL-5, IL-6, IL-8, 

IL-10, IL-12, granulocyte macrophage colony-stimulating factor (GMCSF), interferon (IFN)-γ and 

tumor necrosis factor (TNF)-α between 170 African-American and 296 European-American 

controls from the National Cancer Institute-Maryland (NCI-MD) case-control study were 

assessed. Associations of the serum cytokine levels with lung cancer were analyzed. Statistically 

significant results were replicated in the prospective Prostate, Lung, Colorectal, and Ovarian 

(PLCO) Cancer Screening Trial and the Wayne State University (WSU) Karmanos Cancer 

Institute case-control study.

Results—Six cytokines: IL-4, IL-5, IL-8, IL-10, IFNγ, and TNFα, were significantly higher 

among European-American as compared to African-American controls. Elevated IL-6 and IL-8 

levels were associated with lung cancer among both races in all three studies. Elevated IL-1β, 

IL-10 and TNFα levels were associated with lung cancer only among African Americans. The 

association between elevated TNFα levels and lung cancer among European Americans was 

significant after adjustment for additional factors.

Conclusions—Serum cytokine levels vary by race and might contribute to lung cancer 

differently between African Americans and European Americans.

Impact—Future work examining risk prediction models of lung cancer can measure circulating 

cytokines to accurately characterize risk within racial groups.
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Introduction

Lung cancer is the leading cause of cancer deaths in the United States. The poor 16%, 5-year 

lung cancer survival rate is partly attributed to late stage at diagnosis for most patients (1). 

Identifying biomarkers of lung cancer may improve early detection, and ultimately lung 

cancer survival. African Americans have higher lung cancer incidence and mortality rates as 

compared to European Americans, which may be due to differences in genetics, 

environment, or modalities of care (2, 3). Identification of biomarkers that uniquely 

distinguish African Americans at a high risk of lung cancer may help bridge the gap in lung 

cancer racial health disparities.

Insurmountable evidence demonstrates that chronic inflammation is involved in the 

development and progression of lung cancer (4, 5). An inflammatory state, which is partly 

mediated by cytokines, causes a high rate of cell turnover and an increase in oxidative and 

nitrosative stress, leading to increased DNA damage and mutations. Furthermore, cytokine 

concentrations are altered when inhaled smoke particulates and chemical irritants induce an 

immune response (6, 7). Human lung cancer and pre-malignant epithelial cells can also 

secrete cytokines (8, 9). Thus, circulating cytokines are attractive potential biomarkers for 

early detection of lung cancer.

There are substantial racial differences in inflammation between African Americans and 

European Americans. For example, African Americans have higher incidence rates of 
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several autoimmune diseases including systemic lupus erythematosus (SLE) and multiple 

sclerosis (MS), as well as infectious diseases such as tuberculosis, septicemia, and HIV/

AIDs (10). African Americans have higher levels of circulating C-reactive protein, a non-

specific marker of inflammation (11, 12), higher levels of IL-6, and reduced levels of TNFα 

as compared to European Americans (12, 13). African Americans and European Americans 

also have significantly different frequencies of single nucleotide polymorphisms (SNPs) in 

cytokine genes that functionally alter serum cytokine concentrations (11, 14–16). Given the 

racial differences in some inflammatory markers, susceptibility to autoimmune diseases and 

allele frequencies in inflammatory gene SNPs, we hypothesized that there are marked 

variations in serum cytokine levels between African Americans and European Americans 

and these cytokines are differentially associated with lung cancer risk in these two groups.

Most previous studies comparing racial differences in cytokine levels and their associations 

with cancer investigated only a few cytokines. The lack of sufficient numbers of African 

Americans in population-based case-control studies has been a limiting factor in determining 

racial differences in circulating cytokines and race-specific associations between cytokines 

and lung cancer. We previously reported that, among European Americans, increased serum 

levels of IL-6 and IL-8 were associated with lung cancer, and IL-8 serum levels were 

associated with increased risk of subsequently developing lung cancer (17). We report here 

an investigation of the association of five additional pro-inflammatory (IL-1β, IL-12, 

GMSCF, IFN-γ TNF-α, and three anti-inflammatory (IL-4, IL-5, and IL-10) cytokines with 

lung cancer among African-American and European-American participants from the 

National Cancer Institute-Maryland (NCI-MD) study. Significant associations were 

evaluated by replication in European Americans from the prospective Prostate, Lung, 

Colorectal, and Ovarian (PLCO) Cancer Screening Trial, and African Americans enrolled in 

the Wayne State University (WSU), Karmanos Cancer Institute study.

Materials and Methods

Study Population

Institutional review board approval was obtained from all participating institutions, and 

informed consent was obtained from all participants.

NCI-Maryland (NCI-MD) Study—Participants were recruited during an ongoing case-

control study from the greater Baltimore, Maryland region from May 18, 1998, to November 

10, 2003, as described in detail previously (17–19). Cases had histologically confirmed non–

small cell lung cancer (NSCLC), were enrolled within 24 months after diagnosis, and did 

not have any other cancer at the time of enrollment. Cases lived in Metropolitan Baltimore 

or the Maryland Eastern Shore and were recruited from a total of seven hospitals after 

obtaining physician’s consent. Hospital-based controls were cancer-free patients recruited 

from internal medicine, primary care, pulmonology, or cardiology clinics, and were 

frequency matched to cases by age, sex, race, smoking history, and hospital. Population-

based controls were identified from lists obtained from the Maryland Department of Motor 

Vehicles and were frequency matched to cases by age, sex, and race.
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Serum was collected from 988 of the 1,110 (89%) study participants enrolled during the 

study period. Ample quantities of serum for this study were available for 913 participants. 

Due to cost limitations, the cytokine concentrations were assayed on a subset of the samples 

from controls; however, all lung cancer cases were included (N = 821). Controls were 

selected based on the availability of genotyping data for other analyses not described in this 

manuscript.

Prostate, Lung, Colorectal and Ovarian Cancer (PLCO) Screening Trial Study
—Participants within the screening arm of the PLCO Cancer Screening Trial were selected 

for this nested case–control study, as described previously (17, 20). The PLCO study 

recruited 155,000 men and women aged 55–74 years from 1992 to 2001, from 10 centers 

throughout the United States (21). Participants in the screening group provided blood 

samples annually for 6 years. Baseline blood samples were used in this study. Lung cancer 

cases were identified through annual questionnaires that were mailed to the participants. All 

positive reports were confirmed by examination of hospital medical records or death 

certificates from the National Death Index. At the time of the December 31, 2004 sample 

selection cut-off date, 898 lung cancers had been diagnosed among the 77,464 participants 

in the screening group. Five hundred thirty-two serum samples from the European-American 

and 44 serum samples from the African-American lung cancer patients were available.

Controls that were cancer-free at the time of a case’s lung cancer diagnosis were matched to 

cases by age, sex, year of random assignment, follow-up time since enrollment, and smoking 

status at enrollment (never, former, or current smoker). Current and former smokers were 

additionally matched on smoking amount (0–29, 30–39, 40–49, and ≥50 pack-years) and 

time since quitting (≤15 and >15 years) for former smokers. To improve statistical power 

among the never-smokers, the never-smoking controls were matched to lung cancer cases 

using a 3:1 ratio.

Wayne State University (WSU) study—Cases were identified through the population-

based Metropolitan Detroit Cancer Surveillance System, an NCI-funded Surveillance, 

Epidemiology, and End Results Program (SEER) registry, as part of the Exploring Health, 

Ancestry, and Lung Epidemiology (EXHALE) study, as previously described (22). Rapid 

case ascertainment was used to identify histologically-confirmed lung cancer patients within 

several months after diagnosis. African Americans diagnosed with a first primary lung 

cancer from November 1, 2005 through June 30, 2010, who were also residents of the three 

county metropolitan Detroit area (Wayne, Oakland and Macomb counties), were recruited. 

Controls were recruited through community-based methods and were frequency matched on 

age (±5 years), sex, and race. Serum was successfully obtained from 73.9% of the cases and 

83.0% of the controls.

Blood specimens were processed immediately and isolated sera were stored at −80°C until 

needed, for all three studies. Histology and staging procedures were described (17, 22).

Cytokine Assays

Laboratory personnel were blinded to each participant’s case-control status for all three 

studies. Cytokine concentrations were measured at the Frederick National Laboratory for 
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Cancer Research, from 25 μl of serum using Mesoscale ultrasensitive 

electrochemiluminescence immunoassays on the Meso Scale Discovery 6000 instrument, 

following the manufacturer’s instructions (Meso Scale Discovery, Gaithersburg, MD). For 

the NCI-MD study participants, IL-1β, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, GMCSF, 

IFNγ, and TNFα were measured on custom-designed 10-plex plates. For validation of 

European Americans and African Americans in the PLCO and WSU studies, IL-1β, IL-6, 

IL-8 and TNFα were measured on 4-plex ultrasensitive plates (MS6000, Human 

ProInflammatory-4 II Ultra-Sensitive Kit, Mesoscale Discovery). WSU participants were 

additionally assayed for IL-10 on single-plex ultrasensitive plates (K151AOC, Human IL-10 

Ultra-Sensitive Kit, Mesoscale). For the PLCO and WSU studies, 100% of the samples were 

assayed in duplicates and results are shown as the average of the duplicates. The PLCO 

study samples were assayed approximately 2 years after the NCI-MD study samples were 

measured for cytokine concentrations, and the WSU study samples were assayed 

approximately 1 year after the PLCO study. Serum samples from all participants were 

randomly distributed across the plates, and controls for standard curves were included with 

each plate. As an added quality control, 12% of the samples within each of the three studies 

were blindly duplicated and evenly distributed inter- and intra-plate.

Statistical analyses

All analyses were performed using Stata software, version 12 (StataCorp LP, College 

Station, TX). Reported p-values were two-sided and the significance threshold level was 

specified as p = 0.05. For all three studies, a never smoker was defined as a person who had 

never smoked more than 100 cigarettes in his/her lifetime, and a former smoker was defined 

as a person who had quit smoking more than one year prior to the interview. Race was self-

reported. Participants with at least one family member with lung cancer were defined as 

having a family history of lung cancer. Differences in serum cytokine concentrations 

between cases and controls, and between African-American and European-American 

controls, were calculated using a Wilcoxon rank sum test. Serum cytokine levels below the 

detection limit were recorded as half of the detection limit. For IL-1β, IL-4, IL-5, GMCSF, 

and IFNγ, cytokine concentrations were below the assay detection limit for greater than 10% 

of study participants. Because the data was skewed and a large number of samples were 

below the detection limit, data is presented comparing the medians.

Univariate comparisons of characteristics between cases and controls were performed for 

continuous variables using the Student’s t test or the Kruskal-Wallis test of normally or non-

normally distributed data, respectively. Comparisons for categorical variables were 

performed using the χ2 test. Unconditional logistic regression models were constructed to 

assess the relationship among lung cancer risk and serum cytokine concentrations, and were 

adjusted for age, sex and smoking status. Analyses for PLCO study participants were 

additionally adjusted for number of years in the study and the year of randomization. 

Consistent with our previous study (17), cytokine concentrations were divided into quartiles 

based on serum cytokine levels in controls a priori to provide easily interpretable 

comparisons between the studies. The adjusted odds ratios (ORs) and 95% confidence 

intervals (CIs) were calculated by using the lowest quartile as the referent group. 
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Correlations between cytokine levels and lung cancer stage were performed by Kruskal 

Wallis tests. Quality control results are summarized in Supplementary Table S1.

Results

Characteristics of African-American and European-American Participants from the NCI-
MD, PLCO, and WSU Studies

The demographic and clinical features of participants are shown in Table 1. There were 

more current smokers among cases as compared with controls in all studies. European-

American and African-American cases in the NCI-MD and WSU studies, respectively, had 

higher pack-years of smoking as compared to controls. In the NCI-MD study, European-

American cases were less likely to use aspirin or ibuprofen than controls. Cases from both 

races had a lower BMI as compared to controls in the NCI-MD, but not PLCO, study, 

possibly reflecting the retrospective design of the NCI-MD study. African-American cases 

in the WSU study were more likely than controls to have a history of emphysema or 

bronchitis and family history of lung cancer. The most common histological type was 

adenocarcinoma, followed by squamous cell carcinoma in all three studies, with the 

exception of African Americans in the NCI-MD study, in which most patients had 

unspecified NSCLC. In contrast to the PLCO and WSU cases, the majority of the NCI-MD 

cases had stage I tumors, which could reflect a possible bias for recruiting surgical cases, 

who primarily have stage I tumors.

Comparison of Serum Cytokine Concentrations between African Americans and European 
Americans

In the NCI-MD study, serum cytokine concentrations were similar among the hospital- and 

population-based control groups stratified by race, except for IL-6 among the European 

Americans, where the hospital controls had a significantly higher median value than the 

population controls (median = 2.5 pg/mL, interquartile range (IQR) = 1.4 to 4.0 pg/mL vs 

median = 2.0 pg/mL, IQR = 1.4 to 3.6 pg/mL, P = 0.0002) (Supplementary Table S2). 

Therefore, all analyses were performed with the two control groups combined, unless 

otherwise noted.

We observed statistically significant differences in six of the ten measured serum cytokine 

concentrations between African-American and European-American controls in the NCI-MD 

study. European-American controls had significantly higher median values of IL-4, IL-5, 

IL-8, IL-10, IFNγ, and TNFα as compared with African-American controls (Table 2). There 

were no statistically significant differences in serum IL-6 concentrations between African 

Americans and European Americans within the hospital- and population-based control 

groups (P>0.05, data not shown).

Association between Serum Cytokine Concentrations and Lung Cancer among African 
Americans and European Americans

Serum cytokine levels—Concentrations of several circulating cytokines were higher in 

lung cancer cases than controls for both races in the NCI-MD study. Cases had higher 

concentrations of IL-6, IL-8, and TNFα among both African-American and European-
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American controls (Table 2). There were also racial differences in levels of several serum 

cytokines between cases and controls. African-American cases had statistically significantly 

higher levels of IL-1β and IL-10 than controls, which was not observed among European 

Americans (Table 2). Among cases, serum cytokine levels were not associated with 

increasing lung cancer stage (data not shown).

Association between serum cytokine levels and lung cancer—Similar to what 

was observed among European Americans in our previous study (17), African Americans 

within the highest quartile IL-6 and IL-8 serum concentrations had a statistically 

significantly increased risk of lung cancer as compared to those in the lowest quartile (Table 

3). Surprisingly, increased levels of three additional cytokines were associated with lung 

cancer among African Americans but not European Americans. Compared to the lowest 

quartile, African Americans within the highest quartile of serum cytokine concentrations of 

IL-1β, IL-10 and TNFα had an increased risk of lung cancer compared to those in the lowest 

quartile (Table 3).

To further assess whether increased IL-6 and IL-8 serum concentrations are associated with 

lung cancer among both African Americans and European Americans, and the associations 

of elevated IL-1β, IL-10 and TNFα with lung cancer are present in African Americans, we 

set out to replicate the data in independent case-control studies.. Among European 

Americans in the PLCO study, serum concentrations of IL-6 and IL-8 (17), but not IL-1β or 

TNFα, in the highest quartiles were associated with increased risk of lung cancer as 

compared to individuals in the lowest quartiles, (Table 4). To be more comparable to timing 

of sample collection from the NCI-MD case-control study, we restricted the analyses to 

PLCO participants diagnosed with lung cancer within two years after blood collection, and 

results were similar (Supplementary Table S3). Furthermore, among African Americans in 

the WSU study, serum concentrations of all five cytokines, IL-1β, IL-6, IL-8, IL-10, and 

TNFα, in the highest quartiles were associated with an increased risk of lung cancer as 

compared to individuals in the lowest quartiles (Table 4).

There were too few African-American participants in the PLCO study to perform 

association analyses, but when we combined African-American cases and controls from the 

NCI-MD, PLCO and WSU studies, and adjusted for study, participants with the highest 

quartile levels of IL-1β, IL-6, IL-8, IL-10 and TNF-α had an increased risk of lung cancer 

compared to those with the lowest quartile concentrations (Table 5).

Analysis of potential confounding—We next assessed whether potential demographic 

or clinico-pathologic factors contributed to the observed racial differences. We additionally 

adjusted the models for education level, BMI, regular use of aspirin and/or ibuprofen, family 

history of lung cancer, systemic inflammation, and history of heart disease. The results 

remained statistically significant (Supplementary Tables S4, S5). Additionally, among 

European Americans in the NCI-MD study, elevated levels of TNFα were significantly 

associated with lung cancer after adjustment for the additional factors (Supplementary Table 

S4). Because many of the clinical-pathological factors were not recorded in the WSU study, 

we only adjusted those analyses for education level and COPD, and the results were similar 
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(Supplementary Table S5). Thus, no consistent trend across studies was observed to suggest 

that any of these variables confounded the associations.

Effects of smoking—We assessed whether racial differences in the associations between 

serum cytokine levels and lung cancer were modulated by exposure to tobacco smoke. We 

examined the associations between serum cytokine concentrations and lung cancer among 

all the African-American participants combined from the three studies. The magnitudes of 

the odds ratios were similar across smoking status subgroups for IL1β, IL-6, IL-8, IL-10 and 

TNFα (Table 5). Furthermore, there was substantial overlap of the 95% confidence 

intervals, indicating there was no evidence of interaction between smoking and any of these 

serum cytokine levels with lung cancer risk in the African-American participants. We also 

examined if smoking status could modify the risk of lung cancer among European-American 

participants. There were no changes in trends for associations of IL-6 or IL-8 with lung 

cancer. In addition, no significant associations emerge between IL-1β, IL-10 or TNFα and 

lung cancer risk among European Americans, with the exception that there was an 

association between elevated TNFα levels and lung cancer among former smokers in the 

PLCO study (Supplementary Table S6). These data in total suggest that the observations of 

racial differences of serum cytokine levels of IL1-β, and IL10 and lung cancer were not due 

to differences in smoking history.

Discussion

African Americans have a higher incidence of lung cancer as compared to European 

Americans (2, 3). Because inflammation is a risk factor for numerous cancers, and there are 

marked differences in inflammation between the two races (4, 5, 10–13), we investigated the 

role of circulating cytokine concentrations as a risk factor for lung cancer among African 

Americans and European Americans. In this study, serum concentrations of six out of ten 

cytokines were significantly higher among European-American as compared to African-

American controls. We and others previously reported that higher concentrations of IL-6 

and/or IL-8 were associated with an increased risk of lung cancer among Caucasians and 

Asians (17, 23, 24). Our report here strengthens the observations of these earlier studies and 

extends them to include African Americans. We also report that additional cytokines, IL-1β, 

IL-10, and TNFα, were associated with lung cancer among African Americans but not 

European Americans in two independent studies, although the association between TNFα 

and lung cancer in the NCI-MD study emerged in European Americans after adjusting for 

additional factors.

The reason for differences in circulating IL-4, IL-5, IL-8, IL-10, IFNγ and TNFα levels 

between African Americans and European Americans could be partly explained by 

functional polymorphisms in several cytokine genes that were reported to modulate cytokine 

concentrations (25–28). Moreover, in several studies, the distributions of polymorphisms in 

cytokine genes were different between African-American and Caucasian or European 

American populations (14, 25, 27, 29–31). For example, in IL-10, several SNPs and their 

haplotypes are associated with differential IL-10 expression (15, 16) and the homozygous 

AA genotype of -1082A>G within IL-10 is related to lower IL-10 expression and a stronger 

inflammatory response (32). African Americans have a significantly higher frequency of the 
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1082AA genotype (33). Racial differences in serum cytokine levels could be due to other 

factors, such as other genetic differences, infection, or different biological responses to 

tobacco smoke exposure. Given the higher incidence and mortality of lung cancer among 

African Americans, as well as differences in frequency of auto-immune disorders (34), these 

observations may provide useful avenues for future study.

The results of the present study suggest that high serum concentrations of IL-6 and IL-8 are 

potential universal biomarkers of lung cancer, but IL-1β, IL-10 and TNFα are potential 

biomarkers for lung cancer among African Americans. The similar results for IL-6 and IL-8 

in both African Americans and Caucasians suggest these cytokines are not a direct cause of 

the racial disparity in lung cancer rates, whereas IL-1β, IL-10 and TNFα may represent 

differing mechanisms underlying lung cancer development in African Americans. This 

represents a promising line of inquiry to explore regarding lung cancer health disparities.

The role of inflammation and immunity in tumor biology is complex. When the immune 

response is functioning normally, inflammation is self-limiting. The production of pro-

inflammatory or Th-1 cytokines is followed by anti-inflammatory or Th-2 cytokines (35, 

36). During chronic inflammation, the balance between Th-1 and Th-2 cytokines is 

disrupted and increased inflammation results in increased oxygen and/or nitrogen radicals, 

which are associated with cancer development. Th-2 dominant cytokine profiles have been 

correlated with enhanced tumor promotion and progression (36) and tumor cells which 

produce immunosuppressive (Th-2) cytokines may escape host tumor response (37). Both 

IL-6 and IL-8 are considered Th-2 cytokines (38), even though IL-6 was reported to produce 

both Th-1 and Th-2 responses (36). Our laboratory previously reported that elevated IL-6 

and IL-8 mRNA in normal tissue was associated with lymph node metastasis, while higher 

IL-8 mRNA in tumor tissue, and elevated circulating IL-6 and IL-8 levels were associated 

with worsened lung cancer prognosis (39, 40). The data presented here suggests that an 

increase in these Th-2-associated cytokines is a more central mechanism in lung cancer 

development that spans across races. However, the fact that IL-1β and TNFα, both Th-1 

cytokines and IL-10, a Th-2 cytokine, were associated with lung cancer only among African 

Americans in our study underscores the complexities of the disease in differences among 

racial groups.

A major strength of the present study is that it is one of the largest studies that have begun to 

explore the differences in circulating cytokines between African Americans and European 

Americans. We thus not only provided the initial investigation of these cytokines and lung 

cancer specifically among African Americans but also provided a comparison between the 

two races. In addition, by adjusting for cigarette smoking exposure, our data suggests that 

the association of cytokines with lung cancer was not solely due to differences in smoking 

history.

This study also had several potential limitations. Cytokines were measured only once and 

may be influenced by illnesses (other than lung cancer) or anti-inflammatory medications. 

However, with the exception of IL-6, cytokine concentrations were similar between 

hospital- and population-based controls; and furthermore, the association between IL-6 and 

lung cancer was observed when compared with population (likely healthier/less illness) or 
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hospital (likely more illness) controls. The observations were also not affected by regular 

use of anti-inflammatory medications, suggesting that circulating cytokine levels might be 

independently associated with lung cancer even among patients with chronic inflammatory 

conditions. Another limitation is that due to the limited availability of information on tumor 

histology we were unable to examine specific histological subtypes rigorously. Last, 

cytokine concentrations were measured after lung cancer diagnosis in the NCI-MD and 

WSU studies. However, the samples from the PLCO study were collected prior to lung 

cancer diagnosis. Prospective studies with multiple serial measures on participants from 

both races are needed.

The National Lung Screening Trial has shown that low-dose computed tomography (CT) 

screening can detect lung tumors at the millimeter range and reduce overall lung cancer 

mortality (41). Many screening facilities across the United States now utilize low-dose CT 

scans for individuals at high risk of lung cancer. However, the high rate of false-positive 

results instigates concern about whether exposure to x-rays, cost, and patient anxiety 

outweigh the benefits. Several recommendations have been put in place regarding nodule 

management (42), although improved modeling is needed to interpret nodule size and other 

imaging characteristics to maximize the ability to detect a “positive” tumor. Our study 

suggests that circulating serum cytokine levels are promising candidate biomarkers for early 

detection of lung cancer and that certain cytokines may be better predictors in certain races. 

Prospective trials are necessary to determine if serial serum testing of cytokines can improve 

the positive predictive value of the current screening modalities and improve lung cancer 

survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding: Intramural Research Program of the National Institutes of Health, National Cancer Institute, Center for 
Cancer Research (C. C. Harris); Prevent Cancer Foundation (S. R. Pine); NIH grant R01CA060691, NIH contracts 
N01-PC35145 and P30CA22453 (A.G. Schwartz); NIH grant K07CA125203 (M. L. Cote).

We thank Dean Mann, Raymond Jones, John Cottrell, Donna Perlmutter, and Mark J. Krasna for their contributions 
to the National Cancer Institute-Maryland (NCI-MD) study. We thank the members of the Prostate, Lung, 
Colorectal, and Ovarian (PLCO) Biology Committee, BioReliance (Rockville, MD, USA), Westat (Rockville, MD, 
USA), and the participating institutions for their assistance in the PLCO study. Cytokine assays were done by Helen 
Rager at the Clinical Services Program, under the direction of Dr. William C. Kopp, at Frederick National 
Laboratory for Cancer Research, formerly called the Science Applications International Corporation (SAIC)-
Frederick, Inc.

References

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin. 2013; 63:11–30. 
[PubMed: 23335087] 

2. Underwood JM, Townsend JS, Tai E, Davis SP, Stewart SL, White A, et al. Racial and regional 
disparities in lung cancer incidence. Cancer. 2012; 118:1910–8. [PubMed: 21918961] 

3. Siegel R, Ward E, Brawley O, Jemal A. Cancer statistics, 2011: the impact of eliminating 
socioeconomic and racial disparities on premature cancer deaths. CA Cancer J Clin. 2011; 61:212–
36. [PubMed: 21685461] 

Pine et al. Page 10

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Ballaz S, Mulshine JL. The potential contributions of chronic inflammation to lung carcinogenesis. 
Clin Lung Cancer. 2003; 5:46–62. [PubMed: 14596704] 

5. Hussain SP, Hofseth LJ, Harris CC. Radical causes of cancer. Nat Rev Cancer. 2003; 3:276–85. 
[PubMed: 12671666] 

6. Yanbaeva DG, Dentener MA, Creutzberg EC, Wesseling G, Wouters EF. Systemic effects of 
smoking. Chest. 2007; 131:1557–66. [PubMed: 17494805] 

7. Kuschner WG, D’Alessandro A, Wong H, Blanc PD. Dose-dependent cigarette smoking-related 
inflammatory responses in healthy adults. Eur Respir J. 1996; 9:1989–94. [PubMed: 8902455] 

8. Fukuyama T, Ichiki Y, Yamada S, Shigematsu Y, Baba T, Nagata Y, et al. Cytokine production of 
lung cancer cell lines: Correlation between their production and the inflammatory/immunological 
responses both in vivo and in vitro. Cancer Sci. 2007; 98:1048–54. [PubMed: 17511773] 

9. Davalos AR, Coppe JP, Campisi J, Desprez PY. Senescent cells as a source of inflammatory factors 
for tumor progression. Cancer Metastasis Rev. 2010; 29:273–83. [PubMed: 20390322] 

10. Richardus JH, Kunst AE. Black-white differences in infectious disease mortality in the United 
States. Am J Public Health. 2001; 91:1251–3. [PubMed: 11499113] 

11. Albert MA, Ridker PM. C-reactive protein as a risk predictor: do race/ethnicity and gender make a 
difference? Circulation. 2006; 114:e67–e74. [PubMed: 16880331] 

12. Reich D, Patterson N, Ramesh V, De Jager PL, McDonald GJ, Tandon A, et al. Admixture 
mapping of an allele affecting interleukin 6 soluble receptor and interleukin 6 levels. Am J Hum 
Genet. 2007; 80:716–26. [PubMed: 17357077] 

13. Visser M, Pahor M, Taaffe DR, Goodpaster BH, Simonsick EM, Newman AB, et al. Relationship 
of interleukin-6 and tumor necrosis factor-alpha with muscle mass and muscle strength in elderly 
men and women: the Health ABC Study. J Gerontol A Biol Sci Med Sci. 2002; 57:M326–M332. 
[PubMed: 11983728] 

14. Van Dyke AL, Cote ML, Wenzlaff AS, Land S, Schwartz AG. Cytokine SNPs: Comparison of 
allele frequencies by race and implications for future studies. Cytokine. 2009; 46:236–44. 
[PubMed: 19356949] 

15. Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott PJ, Hutchinson IV. An investigation of 
polymorphism in the interleukin-10 gene promoter. Eur J Immunogenet. 1997; 24:1–8. [PubMed: 
9043871] 

16. Crawley E, Kay R, Sillibourne J, Patel P, Hutchinson I, Woo P. Polymorphic haplotypes of the 
interleukin-10 5′ flanking region determine variable interleukin-10 transcription and are associated 
with particular phenotypes of juvenile rheumatoid arthritis. Arthritis Rheum. 1999; 42:1101–8. 
[PubMed: 10366102] 

17. Pine SR, Mechanic LE, Enewold L, Chaturvedi AK, Katki HA, Zheng YL, et al. Increased levels 
of circulating interleukin 6, interleukin 8, C-reactive protein, and risk of lung cancer. J Natl Cancer 
Inst. 2011; 103:1112–22. [PubMed: 21685357] 

18. Pine SR, Mechanic LE, Bowman ED, Welsh JA, Chanock SC, Shields PG, et al. MDM2 SNP309 
and SNP354 are not associated with lung cancer risk. Cancer Epidemiol Biomarkers Prev. 2006; 
15:1559–61. [PubMed: 16896050] 

19. Pine SR, Mechanic LE, Ambs S, Bowman ED, Chanock SJ, Loffredo C, et al. Lung cancer 
survival and functional polymorphisms in MBL2, an innate-immunity gene. J Natl Cancer Inst. 
2007; 99:1401–9. [PubMed: 17848669] 

20. Chaturvedi AK, Caporaso NE, Katki HA, Wong HL, Chatterjee N, Pine SR, et al. C-reactive 
protein and risk of lung cancer. J Clin Oncol. 2010; 28:2719–26. [PubMed: 20421535] 

21. Prorok PC, Andriole GL, Bresalier RS, Buys SS, Chia D, Crawford ED, et al. Design of the 
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial. Control Clin Trials. 2000; 
21:273S–309S. [PubMed: 11189684] 

22. Schwartz AG, Wenzlaff AS, Bock CH, Ruterbusch JJ, Chen W, Cote ML, et al. Admixture 
mapping of lung cancer in 1812 African-Americans. Carcinogenesis. 2011; 32:312–7. [PubMed: 
21115650] 

23. Yanagawa H, Sone S, Takahashi Y, Haku T, Yano S, Shinohara T, et al. Serum levels of 
interleukin 6 in patients with lung cancer. Br J Cancer. 1995; 71:1095–8. [PubMed: 7734307] 

Pine et al. Page 11

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



24. Katsumata N, Eguchi K, Fukuda M, Yamamoto N, Ohe Y, Oshita F, et al. Serum levels of 
cytokines in patients with untreated primary lung cancer. Clin Cancer Res. 1996; 2:553–9. 
[PubMed: 9816203] 

25. Chen H, Wilkins LM, Aziz N, Cannings C, Wyllie DH, Bingle C, et al. Single nucleotide 
polymorphisms in the human interleukin-1B gene affect transcription according to haplotype 
context. Hum Mol Genet. 2006; 15:519–29. [PubMed: 16399797] 

26. Hajeer AH, Hutchinson IV. Influence of TNFalpha gene polymorphisms on TNFalpha production 
and disease. Hum Immunol. 2001; 62:1191–9. [PubMed: 11704281] 

27. Cox ED, Hoffmann SC, DiMercurio BS, Wesley RA, Harlan DM, Kirk AD, et al. Cytokine 
polymorphic analyses indicate ethnic differences in the allelic distribution of interleukin-2 and 
interleukin-6. Transplantation. 2001; 72:720–6. [PubMed: 11544437] 

28. Hull J, Thomson A, Kwiatkowski D. Association of respiratory syncytial virus bronchiolitis with 
the interleukin 8 gene region in UK families. Thorax. 2000; 55:1023–7. [PubMed: 11083887] 

29. Hassan MI, Aschner Y, Manning CH, Xu J, Aschner JL. Racial differences in selected cytokine 
allelic and genotypic frequencies among healthy, pregnant women in North Carolina. Cytokine. 
2003; 21:10–6. [PubMed: 12668154] 

30. Hoffmann SC, Stanley EM, Cox ED, DiMercurio BS, Koziol DE, Harlan DM, et al. Ethnicity 
greatly influences cytokine gene polymorphism distribution. Am J Transplant. 2002; 2:560–7. 
[PubMed: 12118901] 

31. Meenagh A, Williams F, Ross OA, Patterson C, Gorodezky C, Hammond M, et al. Frequency of 
cytokine polymorphisms in populations from western Europe, Africa, Asia, the Middle East and 
South America. Hum Immunol. 2002; 63:1055–61. [PubMed: 12392859] 

32. Rad R, Dossumbekova A, Neu B, Lang R, Bauer S, Saur D, et al. Cytokine gene polymorphisms 
influence mucosal cytokine expression, gastric inflammation, and host specific colonisation during 
Helicobacter pylori infection. Gut. 2004; 53:1082–9. [PubMed: 15247172] 

33. Ness RB, Haggerty CL, Harger G, Ferrell R. Differential distribution of allelic variants in cytokine 
genes among African Americans and White Americans. Am J Epidemiol. 2004; 160:1033–8. 
[PubMed: 15561982] 

34. Alberg AJ, Brock MV, Samet JM. Epidemiology of lung cancer: looking to the future. J Clin 
Oncol. 2005; 23:3175–85. [PubMed: 15886304] 

35. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002; 420:860–7. [PubMed: 12490959] 

36. Tan TT, Coussens LM. Humoral immunity, inflammation and cancer. Curr Opin Immunol. 2007; 
19:209–16. [PubMed: 17276050] 

37. Lewis CE, Pollard JW. Distinct role of macrophages in different tumor microenvironments. Cancer 
Res. 2006; 66:605–12. [PubMed: 16423985] 

38. Budhu A, Wang XW. The role of cytokines in hepatocellular carcinoma. J Leukoc Biol. 2006; 
80:1197–213. [PubMed: 16946019] 

39. Seike M, Yanaihara N, Bowman ED, Zanetti KA, Budhu A, Kumamoto K, et al. Use of a cytokine 
gene expression signature in lung adenocarcinoma and the surrounding tissue as a prognostic 
classifier. J Natl Cancer Inst. 2007; 99:1257–69. [PubMed: 17686824] 

40. Ryan BM, Pine SR, Chaturvedi AK, Caporaso N, Harris CC. A Combined Prognostic Serum 
Interleukin-8 and Interleukin-6 Classifier for Stage 1 Lung Cancer in the Prostate, Lung, 
Colorectal, and Ovarian Cancer Screening Trial. J Thorac Oncol. 2014

41. Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM, et al. Reduced lung-
cancer mortality with low-dose computed tomographic screening. N Engl J Med. 2011; 365:395–
409. [PubMed: 21714641] 

42. Marshall HM, Bowman RV, Yang IA, Fong KM, Berg CD. Screening for lung cancer with low-
dose computed tomography: a review of current status. J Thorac Dis. 2013; 5(Suppl 5):S524–
S539. [PubMed: 24163745] 

Pine et al. Page 12

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.

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

Pine et al. Page 13

T
ab

le
 1

C
ha

ra
ct

er
is

tic
s 

an
d 

cl
in

ic
al

 d
at

a 
fo

r 
lu

ng
 c

an
ce

r 
ca

se
s 

an
d 

m
at

ch
ed

 c
on

tr
ol

s 
in

 th
e 

N
C

I-
M

D
, P

L
C

O
 a

nd
 W

SU
 s

tu
di

es

A
fr

ic
an

 A
m

er
ic

an
s

P

E
ur

op
ea

n 
A

m
er

ic
an

s

P
C

as
es

C
on

tr
ol

s
C

as
es

C
on

tr
ol

s

N
C

I-
M

D
 S

tu
dy

 
N

um
be

r 
of

 p
ar

tic
ip

an
ts

85
17

0
27

0
29

6

 
A

ge
, y

ea
rs

, m
ea

n 
±

 S
D

a
62

.9
 ±

 9
.9

64
.3

 ±
 1

2.
4

0.
37

66
.6

 ±
 1

0.
0

65
.2

 ±
 1

0.
4

0.
10

 
G

en
de

r,
 N

 (
%

)b

 
 

M
al

e
39

 (
45

.9
)

88
 (

51
.8

)
0.

38
14

2 
(5

2.
6)

14
8 

(5
0.

0)
0.

54

 
 

Fe
m

al
e

46
 (

54
.1

)
82

 (
48

.2
)

12
8 

(4
7.

4)
14

8 
(5

0.
0)

 
Sm

ok
in

g 
st

at
us

, N
 (

%
)b

 
 

N
ev

er
7 

(8
.2

)
67

 (
39

.6
)

22
 (

8.
2)

86
 (

29
.1

)

  Fo
rm

er
 q

ui
t ≤

15
 y

ea
rs

22
 (

25
.9

)
25

 (
14

.8
)

57
 (

21
.2

)
68

 (
23

.1
)

 
 

Fo
rm

er
 q

ui
t >

15
 y

ea
rs

9 
(1

0.
6)

50
 (

29
.6

)
64

 (
23

.4
)

82
 (

27
.8

)

 
 

C
ur

re
nt

47
 (

55
.3

)
27

 (
16

.0
)

<
0.

00
1

12
7 

(4
7.

2)
59

 (
20

.0
)

<
0.

00
1

 
 

Pa
ck

-y
ea

rs
, m

ea
n 

±
 S

D
a,

c
47

.4
 ±

 2
9.

8
45

.1
 ±

 2
9.

9
0.

20
47

.8
 ±

 2
6.

4
39

.7
 ±

 3
1.

3
0.

00
1

 
E

du
ca

tio
n,

 N
 (

%
)b

 
 

H
ig

h 
sc

ho
ol

 o
r 

le
ss

60
 (

76
.0

)
78

 (
52

.7
)

0.
00

1
14

6 
(6

0.
1)

12
7 

(4
9.

8)
0.

02

 
 

C
ol

le
ge

 o
r 

hi
gh

er
19

 (
24

.0
)

70
 (

47
.3

)
97

 (
39

.9
)

12
8 

(5
0.

2)

 
R

eg
ul

ar
 a

sp
ir

in
/ib

up
ro

fe
n 

us
e,

 N
 (

%
)b

,d

 
 

N
o

52
 (

61
.9

)
93

 (
54

.7
)

0.
28

17
4 

(6
4.

7)
14

5 
(4

9.
0)

<
0.

00
1

 
 

Y
es

32
 (

38
.1

)
77

 (
45

.3
)

95
 (

35
.3

)
15

1 
(5

1.
0)

 
B

M
I,

 N
 (

%
)b

,d

 
 

<
26

.5
26

7 
(5

0.
6)

18
 (

10
.6

)
<

0.
00

1
74

 (
27

.4
)

52
 (

17
.6

)
0.

00
5

  ≥2
6.

5
26

1 
(4

9.
4)

15
2 

(8
9.

4)
19

6 
(7

2.
6)

24
4 

(8
2.

4)

 
H

is
to

ry
 o

f 
he

ar
t d

is
ea

se
, N

 (
%

)b
,d

 
 

N
o

67
 (

79
.8

)
13

6 
(8

0.
0)

0.
96

20
4 

(7
6.

1)
21

7 
(7

3.
3)

0.
44

 
 

Y
es

17
 (

20
.2

)
34

 (
20

.0
)

64
 (

23
.9

)
79

 (
26

.7
)

 
H

is
to

ry
 o

f 
em

ph
ys

em
a/

br
on

ch
iti

s,
 N

 (
%

)b
,d

 
 

N
o

62
 (

73
.8

)
13

7 
(8

0.
6)

0.
22

17
5 

(6
5.

1)
19

7 
(6

6.
6)

0.
71

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 14

A
fr

ic
an

 A
m

er
ic

an
s

P

E
ur

op
ea

n 
A

m
er

ic
an

s

P
C

as
es

C
on

tr
ol

s
C

as
es

C
on

tr
ol

s

 
 

Y
es

22
 (

26
.2

)
33

 (
19

.4
)

94
 (

34
.9

)
99

 (
33

.4
)

 
Fa

m
ily

 h
is

to
ry

 o
f 

lu
ng

 c
an

ce
r,

 N
 (

%
)b

,d

 
 

N
o

70
 (

83
.3

)
14

5 
(8

5.
3)

0.
68

22
1 

(8
2.

2)
25

3 
(8

5.
5)

0.
28

 
 

Y
es

14
 (

16
.7

)
25

 (
14

.7
)

48
 (

17
.8

)
43

 (
14

.5
)

 
H

is
to

lo
gy

, N
 (

%
)d

 
 

A
C

22
 (

26
.8

)
–

10
5 

(4
2.

9)
–

 
 

SC
C

26
 (

31
.7

)
–

53
 (

21
.6

)
–

 
 

SC
L

C
0

–
0

–

 
 

N
SC

L
C

, N
O

S
28

 (
34

.2
)

–
59

 (
24

.1
)

–

 
 

O
th

er
6 

(7
.3

)
–

28
 (

11
.4

)
–

 
C

lin
ic

al
 s

ta
ge

, N
 (

%
)d

 
 

I
25

 (
80

.7
)

–
10

4 
(7

1.
2)

–

 
 

II
–I

V
6 

(1
9.

4)
–

42
 (

28
.8

)
–

P
L

C
O

 S
tu

dy

 
N

um
be

r 
of

 p
ar

tic
ip

an
ts

44
29

53
2

59
5

 
A

ge
, y

ea
rs

, m
ea

n 
±

 S
D

a
65

.1
 ±

 5
.1

65
.7

 ±
 5

.4
0.

63
64

.7
 ±

 5
.1

64
.5

 ±
 5

.3
0.

52

 
G

en
de

r,
 N

 (
%

)b

 
 

M
al

e
34

 (
77

.3
)

19
 (

65
.5

)
0.

27
35

9 
(6

7.
5)

38
0 

(6
3.

9)
0.

20

 
 

Fe
m

al
e

10
 (

22
.7

)
10

 (
34

.5
)

17
3 

(3
2.

5)
21

5 
(3

6.
1)

 
Sm

ok
in

g 
st

at
us

, N
 (

%
)b

 
 

N
ev

er
0 

(0
)

5 
(1

7.
2)

37
 (

7.
0)

10
6 

(1
7.

8)

  Fo
rm

er
 q

ui
t ≤

15
 y

ea
rs

14
 (

31
.8

)
8 

(2
7.

6)
18

6 
(3

5.
0)

18
4 

(3
0.

9)

 
 

Fo
rm

er
 q

ui
t >

15
 y

ea
rs

2 
(4

.6
)

3 
(1

0.
3)

10
5 

(1
9.

6)
10

2 
(1

7.
1)

 
 

C
ur

re
nt

28
 (

63
.6

)
13

 (
44

.8
)

0.
02

20
4 

(3
8.

4)
20

3 
(3

4.
2)

<
0.

00
1

 
 

Pa
ck

-y
ea

rs
, m

ea
n 

±
 S

D
a,

c
34

.8
 ±

 2
3.

4
34

.1
 ±

 3
3.

6
0.

92
49

.0
 ±

 3
0.

2
45

.6
 ±

 3
0.

0
0.

08

 
E

du
ca

tio
n,

 N
 (

%
)b

 
 

H
ig

h 
sc

ho
ol

 o
r 

le
ss

28
 (

63
.6

)
12

 (
41

.4
)

0.
06

20
0 

(3
7.

6)
19

0 
(3

1.
9)

0.
05

 
 

C
ol

le
ge

 o
r 

hi
gh

er
16

 (
36

.4
)

17
 (

58
.6

)
33

2 
(6

2.
4)

40
5 

(6
8.

1)

 
R

eg
ul

ar
 a

sp
ir

in
/ib

up
ro

fe
n 

us
e,

 N
 (

%
)b

,d

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 15

A
fr

ic
an

 A
m

er
ic

an
s

P

E
ur

op
ea

n 
A

m
er

ic
an

s

P
C

as
es

C
on

tr
ol

s
C

as
es

C
on

tr
ol

s

 
 

N
o

20
 (

45
.5

)
10

 (
34

.5
)

0.
35

18
2 

(3
4.

3)
20

2 
(3

4.
0)

0.
91

 
 

Y
es

24
 (

54
.5

)
19

 (
65

.5
)

34
9 

(6
5.

7)
39

3 
(6

6.
1)

 
B

M
I,

 N
 (

%
)b

,d

 
 

<
26

.5
19

 (
44

.2
)

9 
(3

1.
0)

0.
26

26
7 

(5
0.

6)
29

1 
(4

9.
8)

0.
81

  ≥2
6.

5
24

 (
55

.8
)

20
 (

69
.0

)
26

1 
(4

9.
3)

29
3 

(5
0.

2)

 
H

is
to

ry
 o

f 
he

ar
t d

is
ea

se
, N

 (
%

)b
,d

 
 

N
o

35
 (

92
.1

)
23

 (
85

.2
)

0.
38

42
3 

(8
3.

1)
49

8 
(8

5.
1)

0.
36

 
 

Y
es

3 
(7

.9
)

4 
(1

4.
8)

86
 (

16
.9

)
87

 (
14

.7
)

 
H

is
to

ry
 o

f 
em

ph
ys

em
a/

br
on

ch
iti

s,
 N

 (
%

)b
,d

 
 

N
o

32
 (

82
.0

)
23

 (
85

.2
)

0.
74

41
1 

(8
0.

0)
52

1 
(8

8.
9)

<
0.

00
1

 
 

Y
es

7 
(1

8.
0)

4 
(1

4.
8)

10
3 

(2
0.

0)
65

 (
11

.1
)

 
Fa

m
ily

 h
is

to
ry

 o
f 

lu
ng

 c
an

ce
r,

 N
 (

%
)b

,d

 
 

N
o

22
 (

50
)

16
 (

55
.2

)
0.

34
40

8 
(8

1.
6)

50
2 

(8
8.

4)
0.

00
2

 
 

Y
es

22
 (

50
)

13
 (

44
.8

)
92

 (
18

.4
)

66
 (

11
.6

)

 
H

is
to

lo
gy

, N
 (

%
)d

 
 

A
C

24
 (

55
.8

)
–

22
8 

(4
3.

1)
–

 
 

SC
C

8 
(1

8.
6)

–
12

0 
(2

2.
7)

–

 
 

SC
L

C
7 

(1
6.

4)
–

68
 (

12
.9

)
–

 
 

N
SC

L
C

, N
O

S
2 

(4
.6

)
–

38
 (

7.
2)

–

 
 

O
th

er
2 

(4
.6

–
75

 (
14

.2
)

–

 
C

lin
ic

al
 s

ta
ge

, N
 (

%
)

 
 

I
12

 (
27

.9
)

–
16

6 
(3

1.
3)

–

 
 

II
–I

V
31

 (
72

.1
)

–
36

6 
(6

8.
7)

–

W
SU

 S
tu

dy
e

 
N

um
be

r 
of

 p
ar

tic
ip

an
ts

24
9

31
8

–
–

 
A

ge
, y

ea
rs

, m
ea

n 
±

 S
D

a
61

.9
 ±

 1
0.

6
60

.8
 ±

 9
.2

0.
19

–
–

 
G

en
de

r,
 N

 (
%

)b

 
 

M
al

e
11

6 
(4

5.
6)

14
1 

(4
4.

3)
0.

59
–

–

 
 

Fe
m

al
e

13
3 

(5
3.

4)
17

7 
(5

5.
7)

–
–

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 16

A
fr

ic
an

 A
m

er
ic

an
s

P

E
ur

op
ea

n 
A

m
er

ic
an

s

P
C

as
es

C
on

tr
ol

s
C

as
es

C
on

tr
ol

s

 
Sm

ok
in

g 
st

at
us

, N
 (

%
)b

 
 

N
ev

er
14

 (
5.

6)
10

0 
(3

1.
4)

–
–

  Fo
rm

er
 q

ui
t ≤

15
 y

ea
rs

36
 (

14
.5

)
17

 (
5.

4)
–

–

 
 

Fo
rm

er
 q

ui
t >

15
 y

ea
rs

41
 (

16
.5

)
59

 (
18

.6
)

–
–

 
 

C
ur

re
nt

15
8 

(6
3.

4)
14

2 
(4

4.
6)

<
0.

00
1

–
–

 
 

Pa
ck

-y
ea

rs
, m

ea
n 

±
 S

D
a,

c
38

.7
 ±

 3
1.

4
18

.0
 ±

 2
0.

5
<

0.
00

1
–

–

 
E

du
ca

tio
n,

 N
 (

%
)b

 
 

H
ig

h 
sc

ho
ol

 o
r 

le
ss

14
8 

(5
9.

7)
14

5 
(4

5.
6)

<
0.

00
1

–
–

 
 

C
ol

le
ge

 o
r 

hi
gh

er
10

0 
(4

0.
3)

17
3 

(5
4.

4)
–

–

 
H

is
to

ry
 o

f 
em

ph
ys

em
a/

br
on

ch
iti

s,
 N

 (
%

)b
,d

 
 

N
o

16
6 

(6
6.

7)
26

8 
(8

4.
3)

<
0.

00
1

–
–

 
 

Y
es

83
 (

33
.3

)
50

 (
15

.7
)

–
–

 
Fa

m
ily

 h
is

to
ry

 o
f 

lu
ng

 c
an

ce
r,

 N
 (

%
)b

,d

 
 

N
o

19
0 

(7
6.

6)
27

0 
(8

4.
9)

0.
01

–
–

 
 

Y
es

58
 (

23
.4

)
48

 (
15

.1
)

–
–

 
H

is
to

lo
gy

, N
 (

%
)d

 
 

A
C

10
5 

(4
2.

5)
–

–
–

 
 

SC
C

57
 (

23
.0

)
–

–
–

 
 

SC
L

C
20

 (
8.

1)
–

–
–

 
 

N
SC

L
C

, N
O

S
40

 (
16

.1
)

–
–

–

 
 

O
th

er
/N

ot
 s

pe
ci

fi
ed

26
 (

10
.5

)
–

–
–

 
C

lin
ic

al
 s

ta
ge

, N
 (

%
)d

 
 

L
oc

al
64

 (
26

.3
)

–
–

–

 
 

R
eg

io
na

l
70

 (
28

.8
)

–
–

–

 
 

D
is

ta
nt

10
9 

(4
4.

9)
–

–
–

A
bb

re
vi

at
io

ns
: N

C
I-

M
D

, N
at

io
na

l C
an

ce
r 

In
st

itu
te

-M
ar

yl
an

d;
 P

L
C

O
, P

ro
st

at
e,

 L
un

g,
 C

ol
or

ec
ta

l a
nd

 O
va

ri
an

 C
an

ce
r 

Sc
re

en
in

g 
T

ri
al

; W
SU

, W
ay

ne
 S

ta
te

 U
ni

ve
rs

ity
; B

M
I,

 b
od

y 
m

as
s 

in
de

x 
ca

te
go

ri
ze

d 
by

 
m

ed
ia

n 
va

lu
e 

of
 c

on
tr

ol
s;

 A
C

, a
de

no
ca

rc
in

om
a;

 S
C

C
, s

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a;
 S

C
L

C
, s

m
al

l c
el

l l
un

g 
ca

nc
er

; N
SC

L
C

, n
on

-s
m

al
l c

el
l l

un
g 

ca
nc

er
; N

O
S,

 n
ot

 o
th

er
w

is
e 

sp
ec

if
ie

d;
 S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 –

 
N

ot
 a

pp
lic

ab
le

.

a P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 a
 tw

o-
si

de
d 

St
ud

en
t’

s 
t t

es
t.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 17
b P

 v
al

ue
s 

w
er

e 
ca

lc
ul

at
ed

 u
si

ng
 a

 tw
o-

si
de

d 
x2

 te
st

.

c E
xc

lu
de

s 
in

di
vi

du
al

s 
w

ho
 h

ad
 n

ev
er

 s
m

ok
ed

.

d N
um

be
rs

 d
o 

no
t a

dd
 to

 1
00

%
 o

f 
to

ta
l d

ue
 to

 m
is

si
ng

 in
fo

rm
at

io
n.

 T
um

or
 s

ta
gi

ng
 w

as
 b

as
ed

 o
n 

th
e 

A
JC

C
 m

an
ua

l.

e In
ta

ke
 o

f 
as

pi
ri

n 
or

 ib
up

ro
fe

n,
 B

M
I,

 a
nd

 h
is

to
ry

 o
f 

he
ar

t d
is

ea
se

 w
er

e 
no

t r
ec

or
de

d 
in

 th
e 

W
SU

 s
tu

dy
.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 18

T
ab

le
 2

Se
ru

m
 le

ve
ls

 o
f 

cy
to

ki
ne

s 
(p

g/
m

L
) 

of
 A

fr
ic

an
 A

m
er

ic
an

 a
nd

 E
ur

op
ea

n 
A

m
er

ic
an

 p
ar

tic
ip

an
ts

 in
 th

e 
N

C
I-

M
D

 s
tu

dy

A
fr

ic
an

 A
m

er
ic

an
s

E
ur

op
ea

n 
A

m
er

ic
an

s

C
as

es
 (

N
 =

 8
5)

C
on

tr
ol

s 
(N

 =
 1

70
)

C
as

es
 (

N
 =

 2
70

)
C

on
tr

ol
s 

(N
 =

 2
96

)

C
yt

ok
in

e
M

ed
ia

n
IQ

R
M

ed
ia

n
IQ

R
P

a
M

ed
ia

n
IQ

R
M

ed
ia

n
IQ

R
P

a
P

b

IL
-1

β
0.

5
0.

2–
1.

1
0.

4
0.

2–
0.

7
<

0.
01

0.
5

0.
2–

0.
9

0.
4

0.
2–

0.
9

0.
44

0.
12

IL
-4

1.
2

0.
6–

2.
5

0.
9

0.
3–

1.
8

0.
07

1.
4

0.
7–

2.
2

1.
4

0.
7–

2.
8

0.
72

<
0.

01

IL
-5

0.
7

0.
4–

1.
6

0.
7

0.
3–

1.
3

0.
33

0.
7

0.
4–

1.
3

0.
8

0.
5–

1.
4

0.
47

0.
04

IL
-6

5.
0

3.
2–

8.
5

2.
3

1.
4–

3.
8

<
0.

01
3.

7
2.

3–
7.

1
2.

1
1.

4–
3.

7
<

0.
01

0.
75

IL
-8

17
.0

9.
3–

35
.5

8.
3

5.
7–

13
.5

<
0.

01
15

.8
9.

5–
39

.0
10

.4
7.

0–
28

.1
<

0.
01

<
0.

01

IL
-1

0
13

.0
8.

4–
22

.8
8.

4
4.

9–
17

.5
0.

01
12

.7
7.

6–
25

.1
11

.0
7.

6–
22

.1
0.

09
<

0.
01

IL
-1

2
6.

3
3.

0–
13

.1
7.

6
3.

1–
15

.4
0.

80
5.

3
3.

0–
13

.1
7.

2
3.

6–
14

.6
0.

05
0.

52

G
M

C
SF

0.
9

0.
5–

2.
7

0.
9

0.
3–

2.
0

0.
58

1.
1

0.
6–

3.
0

1.
0

0.
6–

2.
6

0.
45

0.
25

IF
N

γ
1.

6
1.

0–
3.

6
1.

5
0.

7–
3.

0
0.

14
1.

8
1.

1–
3.

6
1.

9
1.

2–
4.

4
0.

51
<

0.
01

T
N

Fα
2.

3
1.

8–
3.

0
2.

0
1.

5–
2.

6
0.

03
2.

4
1.

9–
3.

0
2.

2
1.

7–
2.

8
<

0.
01

0.
05

A
bb

re
vi

at
io

ns
: N

C
I-

M
D

, N
at

io
na

l C
an

ce
r 

In
st

itu
te

-M
ar

yl
an

d;
 I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 I
L

, i
nt

er
le

uk
in

; G
M

C
SF

, g
ra

nu
lo

cy
te

-m
ac

ro
ph

ag
e 

co
lo

ny
-s

tim
ul

at
in

g 
fa

ct
or

; I
FN

, i
nt

er
fe

ro
n;

 T
N

F,
 tu

m
or

 n
ec

ro
si

s 
fa

ct
or

.

a P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 c

om
pa

ri
ng

 c
as

es
 a

nd
 c

on
tr

ol
s 

us
in

g 
no

n-
pa

ra
m

et
ri

c 
W

ilc
ox

on
 r

an
k 

su
m

 te
st

.

b P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 c

om
pa

ri
ng

 A
fr

ic
an

-A
m

er
ic

an
 c

on
tr

ol
s 

to
 E

ur
op

ea
n-

A
m

er
ic

an
 c

on
tr

ol
s 

us
in

g 
a 

no
n-

pa
ra

m
et

ri
c 

W
ilc

ox
on

 r
an

k 
su

m
 te

st
.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 19

T
ab

le
 3

A
ss

oc
ia

tio
n 

be
tw

ee
n 

se
ru

m
 c

yt
ok

in
e 

le
ve

ls
 a

nd
 lu

ng
 c

an
ce

r 
am

on
g 

pa
rt

ic
ip

an
ts

 in
 th

e 
N

C
I-

M
D

 s
tu

dy

C
yt

ok
in

e
Q

ua
rt

ile
a

A
fr

ic
an

 A
m

er
ic

an
s 

(N
 =

 2
55

)
E

ur
op

ea
n 

A
m

er
ic

an
s 

(N
 =

 5
66

)

C
as

es
/C

on
tr

ol
s

O
R

 (
95

%
 C

I)
b

P
tr

en
dc

C
as

es
/C

on
tr

ol
s

O
R

 (
95

%
 C

I)
b

P
tr

en
dc

IL
1β

<
0.

19
12

/5
7

1.
00

 (
re

fe
re

nc
e)

61
/5

9
1.

00
 (

re
fe

re
nc

e)

0.
19

 –
 <

0.
37

20
/3

5
2.

28
 (

0.
87

–5
.9

9)
52

/7
7

0.
69

 (
0.

40
–1

.1
9)

0.
37

 –
 <

0.
89

24
/4

1
2.

58
 (

1.
02

–6
.5

0)
91

/8
0

1.
09

 (
0.

66
–1

.8
1)

≥0
.8

9
29

/3
7

3.
61

 (
1.

46
–8

.9
5)

0.
00

7
66

/8
0

0.
69

 (
0.

41
–1

.1
7)

0.
47

IL
-4

<
0.

58
19

/5
8

1.
00

 (
re

fe
re

nc
e)

56
/5

8
1.

00
 (

re
fe

re
nc

e)

0.
58

 –
 <

1.
19

23
/4

2
1.

53
 (

0.
64

–3
.6

3)
63

/7
4

0.
96

 (
0.

56
–1

.6
4)

1.
19

 –
 <

2.
36

21
/4

2
1.

31
 (

0.
56

–3
.0

9)
84

/7
6

1.
02

 (
0.

61
–1

.7
2)

≥2
.3

6
22

/2
8

2.
03

 (
0.

83
–4

.9
4)

0.
17

67
/8

8
0.

79
 (

0.
47

–1
.3

4)
0.

44

IL
-5

<
0.

42
22

/5
6

1.
00

 (
re

fe
re

nc
e)

69
/6

0
1.

00
 (

re
fe

re
nc

e)

0.
42

 –
 <

0.
74

21
/3

4
1.

41
 (

0.
59

–3
.3

6)
51

/6
9

0.
54

 (
0.

31
–0

.9
4)

0.
74

 –
 <

1.
39

16
/4

2
1.

22
 (

0.
50

–2
.9

4)
91

/8
8

0.
70

 (
0.

43
–1

.1
6)

≥1
.3

9
26

/3
8

1.
72

 (
0.

76
–3

.9
1)

0.
25

59
/7

9
0.

52
 (

0.
30

–0
.8

8)
0.

05

IL
-6

<
1.

36
6/

42
1.

00
 (

re
fe

re
nc

e)
27

/7
4

1.
00

 (
re

fe
re

nc
e)

1.
36

 –
 <

2.
14

8/
41

0.
86

 (
0.

23
–3

.1
9)

31
/7

6
1.

02
 (

0.
55

–1
.9

3)

2.
14

 –
 <

3.
79

19
/4

6
2.

02
 (

0.
64

–6
.3

3)
80

/7
1

2.
39

 (
1.

34
–4

.2
5)

≥3
.7

9
52

/4
1

5.
77

 (
1.

99
–1

6.
78

)
<

0.
00

1
13

2/
75

3.
36

 (
1.

93
–5

.8
8)

<
0.

00
1d

IL
-8

<
6.

47
11

/5
5

1.
00

 (
re

fe
re

nc
e)

26
/6

2
1.

00
 (

re
fe

re
nc

e)

6.
47

 –
 <

9.
31

10
/4

4
1.

07
 (

0.
37

–3
.1

4)
38

/7
2

1.
21

 (
0.

64
–2

.3
1)

9.
31

 –
 <

22
.8

5
31

/4
2

3.
21

 (
1.

26
–8

.1
8)

10
7/

75
2.

95
 (

1.
65

–5
.2

7)

≥2
2.

85
33

/2
9

6.
53

 (
2.

48
–1

7.
20

)
<

0.
00

1
99

/8
7

2.
24

 (
1.

26
–4

.0
0)

0.
00

1d

IL
-1

0
<

6.
12

16
/5

5
1.

00
 (

re
fe

re
nc

e)
44

/6
1

1.
00

 (
re

fe
re

nc
e)

6.
12

 –
 <

10
.3

6
16

/4
1

1.
35

 (
0.

53
–3

.4
0)

63
/7

5
1.

09
 (

0.
63

–1
.9

1)

10
.3

6 
– 

<
20

.6
3

31
/3

8
4.

11
 (

1.
69

–9
.9

9)
78

/8
0

1.
21

 (
0.

70
–2

.0
7)

≥2
0.

63
22

/3
6

2.
19

 (
0.

88
–5

.2
4)

0.
02

85
/8

0
1.

36
 (

0.
79

–2
.3

2)
0.

23

IL
-1

2
<

3.
34

25
/4

9
1.

00
 (

re
fe

re
nc

e)
76

/6
7

1.
00

 (
re

fe
re

nc
e)

3.
34

 –
 <

7.
31

23
/3

6
1.

01
 (

0.
44

–2
.3

4)
82

/8
1

1.
01

 (
0.

62
–1

.6
5)

7.
31

 –
 <

14
.8

6
18

/4
2

0.
83

 (
0.

35
–1

.9
7)

54
/7

5
0.

58
 (

0.
35

–0
.9

8)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 20

C
yt

ok
in

e
Q

ua
rt

ile
a

A
fr

ic
an

 A
m

er
ic

an
s 

(N
 =

 2
55

)
E

ur
op

ea
n 

A
m

er
ic

an
s 

(N
 =

 5
66

)

C
as

es
/C

on
tr

ol
s

O
R

 (
95

%
 C

I)
b

P
tr

en
dc

C
as

es
/C

on
tr

ol
s

O
R

 (
95

%
 C

I)
b

P
tr

en
dc

≥1
4.

86
19

/4
3

0.
98

 (
0.

42
–2

.3
1)

0.
85

58
/7

3
0.

75
 (

0.
45

–1
.2

5)
0.

08

G
M

C
SF

<
0.

50
21

/5
5

1.
00

 (
re

fe
re

nc
e)

62
/6

1
1.

00
 (

re
fe

re
nc

e)

0.
50

 –
 <

0.
96

26
/3

3
1.

42
 (

0.
61

–3
.3

3)
55

/8
4

0.
74

 (
0.

44
–1

.2
6)

0.
96

 –
 <

2.
51

16
/4

5
0.

77
 (

0.
32

–1
.8

7)
79

/7
2

1.
06

 (
0.

64
–1

.7
7)

≥2
.5

1
22

/3
7

1.
12

 (
0.

47
–2

.6
4)

0.
88

74
/7

9
0.

95
 (

0.
57

–1
.5

8)
0.

80

IF
N

γ
<

0.
98

18
/5

9
1.

00
 (

re
fe

re
nc

e)
54

/5
7

1.
00

 (
re

fe
re

nc
e)

0.
98

 –
 <

1.
70

27
/3

9
2.

58
 (

1.
10

–6
.0

6)
73

/7
8

0.
97

 (
0.

57
–1

.6
7)

1.
70

 –
 <

3.
79

22
/4

1
2.

02
 (

0.
83

–4
.9

2)
76

/7
5

1.
01

 (
0.

59
–1

.7
4)

≥3
.7

9
18

/3
1

2.
07

 (
0.

80
–5

.3
1)

0.
17

67
/8

6
0.

80
 (

0.
47

–1
.3

7)
0.

43

T
N

Fα
<

1.
64

13
/5

2
1.

00
 (

re
fe

re
nc

e)
38

/6
3

1.
00

 (
re

fe
re

nc
e)

1.
64

 –
 <

2.
10

23
/4

0
2.

54
 (

1.
00

–6
.4

9)
65

/7
5

1.
48

 (
0.

84
–2

.6
1)

2.
10

 –
 <

2.
75

21
/4

2
1.

87
 (

0.
74

–4
.7

9)
72

/7
8

1.
34

 (
0.

77
–2

.3
5)

≥2
.7

5
28

/3
6

3.
09

 (
1.

21
–7

.8
8)

0.
05

95
/8

0
1.

69
 (

0.
97

–2
.9

2)
0.

11

A
bb

re
vi

at
io

ns
: N

C
I-

M
D

, N
at

io
na

l C
an

ce
r 

In
st

itu
te

-M
ar

yl
an

d;
 O

R
, o

dd
s 

ra
tio

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; I
L

, i
nt

er
le

uk
in

; G
M

C
SF

, g
ra

nu
lo

cy
te

-m
ac

ro
ph

ag
e 

co
lo

ny
-s

tim
ul

at
in

g 
fa

ct
or

; I
FN

, i
nt

er
fe

ro
n;

 T
N

F,
 

tu
m

or
 n

ec
ro

si
s 

fa
ct

or
.

a Q
ua

rt
ile

s 
w

er
e 

ba
se

d 
on

 s
er

um
 c

yt
ok

in
e 

cu
t-

of
f 

le
ve

ls
 a

m
on

g 
co

nt
ro

ls
.

b M
ul

tiv
ar

ia
te

 u
nc

on
di

tio
na

l l
og

is
tic

 r
eg

re
ss

io
n 

an
al

ys
is

 a
dj

us
te

d 
fo

r 
ag

e 
(c

on
tin

uo
us

),
 s

ex
, s

m
ok

in
g 

pa
ck

-y
ea

rs
 (

co
nt

in
uo

us
),

 s
m

ok
in

g 
st

at
us

 (
ne

ve
r,

 f
or

m
er

 q
ui

t ≤
15

 y
ea

rs
, f

or
m

er
 q

ui
t >

15
 y

ea
rs

, a
nd

 
cu

rr
en

t)
.

c P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 a
 tw

o-
si

de
d 

W
al

d 
χ2

 s
ta

tis
tic

.

d D
at

a 
w

as
 p

re
vi

ou
sl

y 
re

po
rt

ed
 (

17
).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 21

T
ab

le
 4

A
ss

oc
ia

tio
n 

be
tw

ee
n 

se
ru

m
 c

yt
ok

in
e 

le
ve

ls
 a

nd
 lu

ng
 c

an
ce

r 
am

on
g 

pa
rt

ic
ip

an
ts

 in
 th

e 
W

SU
 a

nd
 P

L
C

O
 s

tu
di

es

C
yt

ok
in

e
Q

ua
rt

ile
a

W
SU

 A
fr

ic
an

 A
m

er
ic

an
s 

(N
 =

 5
67

)
P

L
C

O
 E

ur
op

ea
n 

A
m

er
ic

an
s 

(N
 =

 1
12

7)

C
as

es
/c

on
tr

ol
s 

N
O

R
 (

95
%

 C
I)

b
P

tr
en

dc
C

as
es

/c
on

tr
ol

s 
N

O
R

 (
95

%
 C

I)
b

P
tr

en
dc

IL
-1

β
1

40
/7

5
1.

00
 (

re
fe

re
nc

e)
73

/9
7

1.
00

 (
re

fe
re

nc
e)

2
66

/8
1

1.
45

 (
0.

84
–2

.5
2)

15
5/

16
4

1.
27

 (
0.

84
–1

.9
1)

3
55

/8
2

1.
24

 (
0.

69
–2

.2
0)

17
0/

17
7

1.
37

 (
0.

91
–2

.0
6)

4
87

/8
0

1.
90

 (
1.

09
–3

.3
1)

0.
05

13
4/

15
7

1.
15

 (
0.

76
–1

.7
4)

0.
64

IL
-6

1
22

/7
8

1.
00

 (
re

fe
re

nc
e)

96
/1

38
1.

00
 (

re
fe

re
nc

e)

2
37

/8
1

1.
12

 (
0.

56
–2

.2
0)

13
1/

15
8

1.
17

 (
0.

79
–1

.7
4)

3
82

/7
7

2.
87

 (
1.

54
–5

.3
5)

13
9/

14
9

1.
28

 (
0.

86
–1

.8
9)

4
10

7/
82

3.
57

 (
1.

94
–6

.5
8)

<
0.

00
1

16
6/

15
0

1.
57

 (
1.

07
–2

.3
0)

0.
02

d

IL
-8

1
43

/7
9

1.
00

 (
re

fe
re

nc
e)

10
2/

10
2

1.
00

 (
re

fe
re

nc
e)

2
65

/8
0

1.
61

 (
0.

92
–2

.8
2)

10
8/

15
1

0.
94

 (
0.

64
–1

.4
0)

3
52

/7
9

1.
15

 (
0.

65
–2

.0
4)

14
8/

14
9

1.
37

 (
0.

94
–2

.0
1)

4
88

/8
0

2.
20

 (
1.

28
–3

.7
9)

0.
02

17
4/

15
3

1.
55

 (
1.

06
–2

.2
6)

0.
00

4d

IL
-1

0
1

36
/7

2
1.

00
 (

re
fe

re
nc

e)
N

.D
.

2
55

/7
7

1.
44

 (
0.

80
–2

.5
9)

3
47

/7
7

1.
28

 (
0.

70
–2

.3
2)

4
98

/7
7

2.
40

 (
1.

38
–4

.1
7)

0.
00

3

T
N

Fα
1

41
/7

9
1.

00
 (

re
fe

re
nc

e)
11

4/
13

1
1.

00
 (

re
fe

re
nc

e)

2
41

/8
0

0.
98

 (
0.

54
–1

.7
8)

12
3/

16
0

0.
94

 (
0.

64
–1

.3
6)

3
72

/7
9

1.
60

 (
0.

91
–2

.7
9)

12
8/

15
4

1.
04

 (
0.

71
–1

.5
2)

4
94

/8
0

2.
31

 (
1.

34
–3

.9
7)

<
0.

00
1

16
7/

15
0

1.
44

 (
1.

02
–1

.6
4)

0.
07

A
bb

re
vi

at
io

ns
: P

L
C

O
, P

ro
st

at
e,

 L
un

g,
 C

ol
or

ec
ta

l, 
an

d 
O

va
ri

an
; W

SU
, W

ay
ne

 S
ta

te
 U

ni
ve

rs
ity

; O
R

, o
dd

s 
ra

tio
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; N

.D
., 

N
ot

 d
on

e

a Q
ua

rt
ile

s 
w

er
e 

ba
se

d 
on

 s
er

um
 c

yt
ok

in
e 

le
ve

ls
 a

m
on

g 
co

nt
ro

ls
 in

 th
e 

W
SU

 s
tu

dy
 (

25
th

, 5
0t

h ,
 a

nd
 7

5t
h  

pe
rc

en
til

e:
 I

L
-1

β,
 0

.9
, 3

.4
, 1

0.
4 

pg
/m

L
; I

L
-6

, 3
.1

, 6
.9

, 1
9.

6 
pg

/m
L

; I
L

-8
, 2

7.
1,

 1
55

.5
, 1

06
1.

3 
pg

/m
L

; 
IL

-1
0,

 4
.8

, 7
.1

, 1
0.

6 
pg

/m
L

; T
N

Fα
 6

.8
, 1

0.
4,

 2
0.

5 
pg

/m
L

) 
an

d 
PL

C
O

 s
tu

dy
 (

IL
-1

β,
 0

.4
, 0

.7
, 1

.4
 p

g/
m

L
; T

N
F-

α
, 7

.4
, 9

.1
, 1

1.
5 

pg
/m

L
).

b U
nc

on
di

tio
na

l m
ul

tiv
ar

ia
te

 lo
gi

st
ic

 r
eg

re
ss

io
n 

w
as

 a
dj

us
te

d 
fo

r 
ag

e 
(c

on
tin

uo
us

),
 g

en
de

r,
 s

m
ok

in
g 

pa
ck

-y
ea

rs
 (

co
nt

in
uo

us
),

 s
m

ok
in

g 
st

at
us

 (
ne

ve
r,

 f
or

m
er

 q
ui

t ≥
 1

5 
ye

ar
s,

 f
or

m
er

 q
ui

t <
15

 y
ea

rs
, c

ur
re

nt
),

 
PL

C
O

 s
tu

dy
 a

dj
us

te
d 

ad
di

tio
na

lly
 f

or
 y

ea
r 

of
 r

an
do

m
iz

at
io

n,
 n

um
be

r 
of

 y
ea

rs
 in

 th
e 

st
ud

y.

c P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 a
 tw

o-
si

de
d 

W
al

d 
χ2

 s
ta

tis
tic

.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 22
d D

at
a 

w
as

 p
re

vi
ou

sl
y 

re
po

rt
ed

 (
17

).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 23

T
ab

le
 5

A
ss

oc
ia

tio
n 

be
tw

ee
n 

se
ru

m
 c

yt
ok

in
e 

le
ve

ls
 a

nd
 lu

ng
 c

an
ce

r 
am

on
g 

A
fr

ic
an

 A
m

er
ic

an
s 

fr
om

 a
ll 

th
re

e 
st

ud
ie

s,
 b

y 
sm

ok
in

g 
st

at
us

C
yt

ok
in

e 
le

ve
la

C
as

es
/c

on
tr

ol
s 

N

O
R

 (
95

%
 C

I)
b

C
om

bi
ne

d 
(N

 =
 3

77
/5

17
)

N
ev

er
 s

m
ok

er
s 

(N
 =

 2
1/

17
2)

F
or

m
er

 s
m

ok
er

s 
(N

 =
 1

24
/1

62
)

C
ur

re
nt

 s
m

ok
er

s 
(N

 =
 2

32
/1

82
)

IL
-1

β

 
Fi

rs
t q

ua
rt

ile
55

/1
37

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
Se

co
nd

 q
ua

rt
ile

10
2/

12
3

1.
82

 (
1.

15
–2

.8
7)

1.
15

 (
0.

27
–4

.9
7)

1.
56

 (
0.

69
–3

.5
1)

2.
12

 (
1.

13
–3

.9
7)

 
T

hi
rd

 q
ua

rt
ile

91
/1

32
1.

48
 (

0.
94

–2
.3

4)
2.

28
 (

0.
62

–8
.4

1)
2.

15
 (

1.
00

–4
.6

1)
1.

21
 (

0.
64

–2
.3

1)

 
Fo

ur
th

 q
ua

rt
ile

12
9/

12
5

2.
32

 (
1.

49
–3

.6
2)

2.
02

 (
0.

53
–7

.7
3)

3.
15

 (
1.

49
–6

.6
5)

2.
22

 (
1.

19
–4

.1
5)

 
P

tr
en

dc
0.

00
1

0.
19

0.
00

2
0.

09

IL
-6

 
Fi

rs
t q

ua
rt

ile
33

/1
26

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
Se

co
nd

 q
ua

rt
ile

54
/1

28
1.

03
 (

0.
60

–1
.7

9)
0.

74
 (

0.
06

–8
.5

0)
1.

96
 (

0.
75

–5
.1

6)
0.

80
 (

0.
38

–1
.6

9)

 
T

hi
rd

 q
ua

rt
ile

11
6/

13
4

2.
26

 (
1.

37
–3

.7
2)

6.
45

 (
1.

24
–3

3.
52

)
2.

30
 (

0.
94

–5
.6

4)
2.

32
 (

1.
17

–4
.6

0)

 
Fo

ur
th

 q
ua

rt
ile

17
4/

12
9

3.
82

 (
2.

34
–6

.2
4)

7.
67

 (
1.

58
–3

7.
29

)
5.

89
 (

2.
44

–1
4.

23
)

2.
76

 (
1.

42
–5

.3
7)

 
P

tr
en

dc
<

0.
00

1
0.

00
2

<
0.

00
1

<
0.

00
1

IL
-8

 
Fi

rs
t q

ua
rt

ile
63

/1
40

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
Se

co
nd

 q
ua

rt
ile

85
/1

32
1.

25
 (

0.
80

–1
.9

7)
0.

70
 (

0.
12

–4
.1

0)
1.

04
 (

0.
48

–2
.2

5)
1.

53
 (

0.
81

–2
.8

7)

 
T

hi
rd

 q
ua

rt
ile

90
/1

28
1.

28
 (

0.
82

–2
.0

0)
1.

99
 (

0.
49

–8
.1

7)
1.

78
 (

0.
85

–3
.7

3)
1.

09
 (

0.
58

–2
.0

5)

 
Fo

ur
th

 q
ua

rt
ile

13
9/

11
7

2.
36

 (
1.

53
–3

.6
4)

4.
48

 (
1.

25
–1

6.
04

)
2.

71
 (

1.
32

–5
.5

3)
2.

11
 (

1.
14

–3
.9

0)

 
P

tr
en

dc
<

0.
00

1
0.

00
9

0.
00

2
0.

04

IL
-1

0

 
Fi

rs
t q

ua
rt

ile
52

/1
27

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

 
Se

co
nd

 q
ua

rt
ile

71
/1

18
1.

42
 (

0.
88

–2
.3

1)
1.

76
 (

0.
46

–6
.7

4)
1.

41
 (

0.
63

–3
.1

7)
1.

59
 (

0.
80

–3
.1

6)

 
T

hi
rd

 q
ua

rt
ile

78
/1

15
1.

76
 (

1.
09

–2
.8

4)
1.

69
 (

0.
44

–6
.4

5)
2.

57
 (

1.
14

–5
.7

8)
1.

67
 (

0.
85

–3
.3

0)

 
Fo

ur
th

 q
ua

rt
ile

12
0/

11
3

2.
33

 (
1.

47
–3

.6
9)

1.
54

 (
0.

38
–6

.2
4)

2.
13

 (
0.

98
–4

.6
2)

3.
61

 (
1.

85
–7

.0
3)

 
P

tr
en

dc
<

0.
00

1
0.

58
0.

03
<

0.
00

1

T
N

F
α

 
Fi

rs
t q

ua
rt

ile
12

/5
7

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

1.
00

 (
re

fe
re

nc
e)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pine et al. Page 24

C
yt

ok
in

e 
le

ve
la

C
as

es
/c

on
tr

ol
s 

N

O
R

 (
95

%
 C

I)
b

C
om

bi
ne

d 
(N

 =
 3

77
/5

17
)

N
ev

er
 s

m
ok

er
s 

(N
 =

 2
1/

17
2)

F
or

m
er

 s
m

ok
er

s 
(N

 =
 1

24
/1

62
)

C
ur

re
nt

 s
m

ok
er

s 
(N

 =
 2

32
/1

82
)

 
Se

co
nd

 q
ua

rt
ile

20
/3

5
1.

27
 (

0.
80

–2
.0

1)
0.

76
 (

0.
13

–4
.4

1)
1.

85
 (

0.
83

–4
.1

5)
1.

35
 (

0.
72

–2
.5

3)

 
T

hi
rd

 q
ua

rt
ile

24
/4

1
1.

68
 (

1.
08

–2
.6

1)
2.

72
 (

0.
68

–1
0.

78
)

1.
74

 (
0.

80
–3

.7
7)

1.
81

 (
0.

98
–3

.3
3)

 
Fo

ur
th

 q
ua

rt
ile

29
/3

7
2.

14
 (

1.
38

–3
.3

0)
4.

06
 (

1.
08

–1
5.

30
)

3.
74

 (
1.

74
–8

.0
0)

1.
45

 (
0.

80
–2

.6
4)

 
P

tr
en

dc
<

0.
00

1
0.

02
0.

00
1

0.
18

A
bb

re
vi

at
io

ns
: O

R
, o

dd
s 

ra
tio

; C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; I
L

, i
nt

er
le

uk
in

; G
M

C
SF

, g
ra

nu
lo

cy
te

-m
ac

ro
ph

ag
e 

co
lo

ny
-s

tim
ul

at
in

g 
fa

ct
or

; I
FN

, i
nt

er
fe

ro
n;

 T
N

F,
 tu

m
or

 n
ec

ro
si

s 
fa

ct
or

.

a Q
ua

rt
ile

s 
w

er
e 

ba
se

d 
on

 s
er

um
 c

yt
ok

in
e 

cu
t-

of
f 

le
ve

ls
 a

m
on

g 
E

ur
op

ea
n-

A
m

er
ic

an
 c

on
tr

ol
s.

b M
ul

tiv
ar

ia
te

 u
nc

on
di

tio
na

l l
og

is
tic

 r
eg

re
ss

io
n 

an
al

ys
is

 a
dj

us
te

d 
fo

r 
ag

e 
(c

on
tin

uo
us

),
 s

ex
, s

m
ok

in
g 

pa
ck

-y
ea

rs
 (

co
nt

in
uo

us
),

 s
m

ok
in

g 
st

at
us

 (
ne

ve
r,

 f
or

m
er

 q
ui

t ≤
15

 y
ea

rs
, f

or
m

er
 q

ui
t >

15
 y

ea
rs

, a
nd

 
cu

rr
en

t)
.

c P
 v

al
ue

s 
w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 a
 tw

o-
si

de
d 

W
al

d 
χ2

 s
ta

tis
tic

.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 March 01.


