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	Background	 Despite growing recognition of an etiologic role for inflammation in lung carcinogenesis, few prospective epi-
demiologic studies have comprehensively investigated the association of circulating inflammation markers with 
lung cancer.

	 Methods	 We conducted a nested case–control study (n = 526 lung cancer patients and n = 592 control subjects) within the 
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. Control subjects were matched to lung cancer case 
patients on age, sex, follow-up time (median = 2.9 years), randomization year, and smoking (pack-years and time 
since quitting). Serum levels of 77 inflammation markers were measured using a Luminex bead-based assay. 
Conditional logistic regression and weighted Cox models were used to estimate odds ratios (ORs) and cumulative 
risks, respectively.

	 Results	 Of 68 evaluable markers, 11 were statistically significantly associated with lung cancer risk (Ptrend across marker 
categories < .05), including acute-phase proteins (C-reactive protein [CRP], serum amyloid A [SAA]), proinflam-
matory cytokines (soluble tumor necrosis factor receptor 2 [sTNFRII]), anti-inflammatory cytokines (interleukin 1 
receptor antagonist [IL-1RA]), lymphoid differentiation cytokines (interleukin 7 [IL-7]), growth factors (transform-
ing growth factor alpha [TGF-A]), and chemokines (epithelial neutrophil-activating peptide 78 [ENA 78/CXCL5], 
monokine induced by gamma interferon [MIG/CXCL9], B cell–attracting chemokine 1 [BCA-1/CXCL13], thymus 
activation regulated chemokine [TARC/CCL17], macrophage-derived chemokine [MDC/CCL22]). Elevated marker 
levels were associated with increased lung cancer risk, with odds ratios comparing the highest vs the lowest group 
ranging from 1.47 (IL-7) to 2.27 (CRP). For IL-1RA, elevated levels were associated with decreased lung cancer risk 
(OR = 0.71; 95% confidence interval = 0.51 to 1.00). Associations did not differ by smoking, lung cancer histology, or 
latency. A cross-validated inflammation score using four independent markers (CRP, BCA-1/CXCL13, MDC/CCL22, 
and IL-1RA) provided good separation in 10-year lung cancer cumulative risks among former smokers (quartile [Q] 
1 = 1.1% vs Q4 = 3.1%) and current smokers (Q1 = 2.3% vs Q4 = 7.9%) even after adjustment for smoking.

	Conclusions	 Some circulating inflammation marker levels are associated with prospective lung cancer risk.

		  J Natl Cancer Inst;2013;105:1871–1880

Lung cancer is the most common cause of cancer-related death in 
the United States, with 160 340 deaths estimated in 2012 (1). The 
predominant risk factor for lung cancer is smoking, accounting for 
approximately 90% of these lung cancer deaths (2). Additionally, 
lung cancer risk is associated with several indicators of inflamma-
tion, including pulmonary fibrosis (3–6), chronic obstructive pul-
monary disease (7,8), and chronic pulmonary infections (9–12), 
even after taking the effects of smoking into consideration. Further, 
polymorphisms in inflammation genes have been associated with 
lung cancer risk (13–15). However, few prospective epidemiologic 
studies have investigated the association of circulating inflamma-
tion markers with lung cancer risk.

Most prior studies addressing inflammation markers have been 
small in size, retrospective in design, or have focused on a few 

candidate markers. Our group, along with others, has previously 
studied the association between C-reactive protein (CRP), inter-
leukin 6 (IL-6), and interleukin 8 (IL-8) (16–21) and lung cancer 
risk, but these markers represent a small subset of the inflammation 
cascade. The inflammation process is a complex response to stimuli 
involving the interplay of host cells and signaling molecules, such 
as proinflammatory and anti-inflammatory cytokines, growth and 
angiogenesis factors, and chemokines (22–24). No prior study has 
comprehensively measured a wide range of these inflammation 
markers in relation to lung cancer risk.

Investigating the role of inflammation in lung carcinogenesis could 
have relevance for prevention and screening. In addition to provid-
ing etiologic insight, the discovery of circulating inflammation mark-
ers prospectively associated with lung cancer could aid in identifying 
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individuals at highest lung cancer risk. In this study nested within the 
Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening 
Trial (25,26), we investigated the association of circulating levels of 
several key components of inflammation, including acute-phase pro-
teins, pro- and anti-inflammatory cytokines, chemokines, growth fac-
tors, and angiogenesis factors, with prospective lung cancer risk (27).

Methods
Study Population
We conducted a nested case–control study within the screening arm 
of the PLCO trial, which recruited approximately 155 000 partici-
pants aged 50 to 74 years from the general population during the 
period from 1992 to 2001 (25). Lung cancer screening included a 
chest x-ray at baseline, followed by three annual screens for smokers 
or two annual screens for never smokers (26). In addition to demo-
graphic, behavioral, and dietary information, blood samples were 
obtained at baseline and five subsequent annual visits. Lung can-
cers were ascertained through annual questionnaires and confirmed 
by medical chart abstraction and death certificate review (25,26). 
This study was approved by the institutional review boards at each 
screening center, and all participants gave informed consent.

Of 898 lung cancers that occurred through December 31,  
2004, 526 lung cancer case patients were included in this study. 
We restricted our study to case patients with lung cancers that 
occurred through 2004 to retain the case–control selection used in 
our prior studies of inflammation and lung cancer (6,14,16,19,28). 
Reasons for exclusion of lung cancer case patients were missing/
incomplete smoking information, history of cancer, multiple can-
cers during follow-up, unavailable serum, or missing consent for 
etiologic studies. Five hundred ninety-two control subjects were 
matched with lung cancer case patients on age at randomiza-
tion (55–59, 60–64, 65–69, 70–74 years), sex, randomization year 
(1993–1995, 1996–1997, 1998–1999, 2000–2001), follow-up time 
(1-year intervals), smoking status (current, former, never), cumu-
lative smoking at baseline for ever-smokers (0–29, 30–39, 40–49, 
≥50 pack-years), and time since quitting for former smokers (<15 
and ≥15 years). One control subject was selected for each current 
or former smoker case patient and three control subjects were 
selected for each never smoker case patient.

Laboratory Methods
Serum specimens collected at baseline (processed at 2400–
3000 rpm for 15 minutes, frozen within 2 hours of collection, 
stored at −80°C) were used to measure circulating levels of 77 
markers (Supplementary Table 1, available online). These markers 
were selected based on a recent methodologic study that evalu-
ated the performance and reproducibility of multiplexed assays 
for measurement of inflammation markers in serum (27). Markers 
were measured using a Luminex bead-based assay (Millipore Inc, 
Billerica, MA). Concentrations were calculated using either a four- 
or five-parameter standard curve. Serum samples were assayed in 
duplicate and averaged to calculate concentrations. Case patients 
and matched control subjects were included on the same analytical 
batch. Each case–control pair was plated into adjacent wells on each 
batch. We assayed 34 pairs of blinded duplicates within the same 
batch and 17 pairs of blinded duplicates across different batches to 

evaluate assay reproducibility through coefficients of variation and 
intraclass  correlation coefficients calculated on log-transformed 
values of the markers. Nine markers with more than 90% of values 
below the lowest limit of detection (LLOD) were excluded from all 
analyses, resulting in 68 evaluable markers. Log-transformed intra-
class correlation coefficients were greater than 0.8 in 90% of these 
markers (Supplementary Table 1, available online).

Statistical Analyses
Markers were analyzed as both continuous (log-transformed) and 
categorical variables. Measurements below the LLOD were assigned 
a value of half the LLOD. Marker levels were categorized into groups 
based on the proportion of individuals with measurements less than 
LLOD as follows: markers with less than 25% of individuals below 
the LLOD (n = 38 markers) were categorized into quartiles (based on 
the distribution among control subjects); markers with 25% to 50% of 
individuals below the LLOD (n = 5 markers) were categorized as less 
than LLOD and tertiles of detectable measurements; markers with 
50% to 75% of individuals below the LLOD (n = 7 markers) were 
categorized as less than LLOD and below and above the median; and 
markers with 75% to 90% of individuals below the LLOD (n = 18 
markers) were categorized as undetectable and detectable.

Conditional logistic regression was used to calculate odds ratios 
(ORs) and 95% confidence intervals (CIs) for the association of 
each marker with lung cancer risk. In addition to the matching 
variables, we adjusted all models for history of chronic bronchi-
tis/emphysema, history of coronary heart disease or heart attack, 
family history of lung cancer, regular use of aspirin/ibuprofen, 
body mass index, race, and education. We also stratified analyses 
by latency (ie, time from serum collection to lung cancer diagnosis, 
categorized as <2 years and ≥2 years), histology (squamous cell car-
cinoma, adenocarcinoma, small cell carcinoma, and other histolo-
gies), and smoking status (never, former, current). Multiplicative 
statistical interactions with latency and smoking and heterogeneity 
across histologies were evaluated using the Wald test.

To calculate an inflammation score for each individual, we 
built a conditional logistic regression model with simultaneous 
adjustment for all markers statistically significantly associated 
with lung cancer (log-transformed) and used backwards step-wise 
regression to identify markers that retained statistical significance  
(P < .05). Using these markers, we estimated an inflammation score 
for each individual through five-fold cross-validation (29). Briefly, 
we divided the 526 matched case–control pairs into five equal 
groups, estimated regression coefficients for each marker using 
data from four groups, and calculated an inflammation score (sum 
of the product of each regression coefficient with the respective 
marker level) in the fifth group. In each of the five replicates, we 
classified individuals into quartiles based on the distribution of the 
inflammation score among control subjects.

Using the inflammation score, we estimated 10-year cumulative 
risks of lung cancer stratified by smoking status. These cumulative 
risks were calculated in weighted Cox regression models and stand-
ardized to the age, sex, and smoking (pack-years and time since 
quit) distributions of the 50 862 PLCO screening arm participants 
eligible for selection into our study (16,30,31). Additional details 
are presented in the Supplementary Data (available online). The 
proportional hazards assumption was assessed graphically.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt309/-/DC1
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 Among control subjects, we conducted ordinal logistic regres-
sion analyses to investigate the association of each inflammation 
marker and the inflammation score with smoking. These models 
were adjusted for age, sex, history of chronic bronchitis/emphysema, 
history of coronary heart disease or heart attack, family history of 
lung cancer, use of aspirin/ibuprofen, body mass index, race, and 
education. Analyses were not stratified by sex or racial/ethnic group.

We assessed statistical significant at P less than .05. Additionally, 
we highlight those associations that met Bonferroni significance 
(Ptrends < .0007; P = .05/68 markers).

All tests of statistical significance were two-sided. Analyses were 
carried out in SAS version 9.2 (SAS Inc, Cary, NC) and R version 
2.15.2 (R Project for Statistical Computing, Vienna, Austria).

Results
The 526 lung cancer patients and 592 control subjects had simi-
lar distributions of the matching factors (Table 1). Case patients 
were statistically significantly more likely to have lower educa-
tion, history of bronchitis/emphysema, or a family history of 

Table 1.  Characteristics of lung cancer case patients and control subjects

Characteristic Control subjects (n = 592) Lung cancer case patients (n = 526) P*

Age at randomization, years —†
  <59 104 (17.6) 96 (18.3)
  60–64 167 (28.2) 146 (27.8)
  65–69 192 (32.4) 177 (33.7)
  ≥70 129 (21.8) 107 (20.3)
Sex —†
  Female 212 (35.8) 168 (31.9)
  Male 380 (64.2) 358 (68.1)
Smoking status —†
  Never 99 (16.7) 33 (6.3)
  Former 294 (49.7) 294 (55.9)
  Current 199 (33.6) 199 (37.8)
Pack-years smoked —†
  Never smokers 99 (16.7) 33 (6.3)
  <30 124 (21.0) 125 (23.8)
  30–40 128 (21.6) 128 (24.3)
  40–50 42 (7.1) 41 (7.8)
  ≥50 199 (33.6) 199 (37.8)
Years since quitting smoking —†
  Not applicable 298 (50.3) 232 (44.1)
  <15 187 (31.6) 187 (35.6)
  ≥15 107 (18.1) 107 (20.3)
Race .11
  White 538 (90.9) 467 (88.8)
  Black 28 (4.7) 40 (7.6)
  Other 26 (4.4) 19 (3.6)
Education .02
  ≤12 years/completed high school 199 (33.6) 211 (40.1)
  >12 years 393 (66.4) 315 (59.9)
Body mass index, kg/m2 .53
  <25 198 (33.5) 195 (37.1)
  25–29.9 270 (45.6) 224 (42.6)
  ≥30 114 (19.3) 101 (19.2)
  Missing 10 (1.7) 6 (1.1)
History of emphysema or chronic bronchitis <.0001
  No 532 (89.9) 428 (81.4)
  Yes 60 (10.1) 98 (18.6)
History of coronary heart disease or heart attack .14
  No 519 (87.7) 445 (84.6)
  Yes 73 (12.3) 81 (15.4)
Family history of lung cancer <.0001
  No 508 (85.8) 398 (75.7)
  Yes 77 (13.0) 123 (23.4)
  Missing 7 (1.2) 5 (1.0)
Regularly uses aspirin/ibuprofen .66
  No 218 (36.8) 187 (35.6)
  Yes 374 (63.2) 339 (64.5)

*	 Two-sided P value was estimated with the χ2 test.

†	 Matching variable. The distribution of case patients and control subjects appear different because of matching three control subject per case patient for never 
smokers and one control subject per case patient for former and current smokers.
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Table 2.  Circulating inflammation markers statistically significantly associated with lung cancer risk*

Years from sample until selection

Marker and level, pg/mL
Lung cancer 
case patients Control subjects OR (95% CI) <2 years ≥2 years Pinteraction‡

Acute-phase proteins
CRP

<1 845 800
1 845 800–4 316 899
4 316 900–9 611 899
≥9 611 900
Ptrend†

84 147 1.0 1.0 1.0 .92
131 148 1.58 (1.06 to 2.35) 1.32 (0.66 to 2.65) 1.76 (1.07 to 2.91)
134 148 1.69 (1.14 to 2.51) 1.65 (0.81 to 3.38) 1.79 (1.10 to 2.91)
176 147 2.27 (1.51 to 3.41) 2.47 (1.18 to 5.17) 2.20 (1.33 to 3.65)

<.001 .01 .005
SAA

<1 780 800
1 780  800–3 339  199
3 339 200–6 591 899
≥6 591 900
Ptrend†

100 147 1.0 1.0 1.0 .86
111 148 1.21 (0.83 to 1.77) 1.39 (0.71 to 2.73) 1.19 (0.73 to 1.93)
136 148 1.59 (1.08 to 2.33) 1.73 (0.85 to 3.51) 1.49 (0.92 to 2.40)
178 147 2.18 (1.48 to 3.22) 2.80 (1.45 to 5.41) 2.04 (1.22 to 3.42)

<.001 .002 .004
Proinflammatory cytokines

sTNFRII
<3770
3770–4785
4786–6191
≥6192
Ptrend†

114 148 1.0 1.0 1.0 .29
127 148 1.27 (0.89 to 1.81) 2.64 (1.33 to 5.23) 0.88 (0.57 to 1.37)
138 148 1.35 (0.93 to 1.97) 2.30 (1.14 to 4.64) 1.01 (0.64 to 1.61)
147 148 1.50 (1.01 to 2.21) 2.32 (1.11 to 4.84) 1.18 (0.73 to 2.91)

.05 .03 .41
Anti-inflammatory cytokines

IL-1RA
Undetectable
Detectable
P

453 474 1.0 1.0 1.0 .63
73 118 0.71 (0.51 to 1.00) 0.74 (0.40 to 1.37) 0.68 (0.45 to 1.02)

.05 .34 .06
Lymphoid differentiation cytokines

IL-7
Undetectable
Detectable
P

420 497 1.0 1.0 1.0 .56
106 95 1.47 (1.05 to 2.06) 1.37 (0.76 to 2.48) 1.55 (1.02 to 2.36)

.02 .30 .04
Growth factors

TGF-A
<0.67
0.67–1.67
1.68–3.20
≥3.21
Ptrend†

100 148 1.0 1.0 1.0 .67
125 148 1.26 (0.86 to 1.84) 1.33 (0.64 to 2.75) 1.25 (0.79 to 1.98)
143 149 1.40 (0.96 to 2.05) 0.95 (0.48 to 1.88) 1.71 (1.07 to 2.72)
158 147 1.56 (1.07 to 2.27) 1.45 (0.74 to 2.82) 1.60 (1.00 to 2.54)

.02 .42 .02
Chemokines

ENA78/CXCL5
<554
554–882
883–1265
≥1266
Ptrend†

100 148 1.0 1.0 1.0 .85
148 148 1.43 (1.01 to 2.03) 1.99 (1.01 to 3.90) 1.28 (0.84 to 1.94)
115 148 1.13 (0.79 to 1.63) 1.19 (0.62 to 2.31) 1.09 (0.70 to 1.71)
163 148 1.68 (1.15 to 2.45) 1.97 (1.00 to 3.87) 1.59 (1.00 to 2.53)

.03 .15 .10
MIG/CXCL9

<364
364–495
496–765
≥766
Ptrend†

123 148 1.0 1.0 1.0 .33
102 148 0.92 (0.63 to 1.34) 1.32 (0.67 to 2.57) 0.76 (0.47 to 1.21)
140 148 1.38 (0.95 to 2.00) 3.52 (1.65 to 7.51) 1.02 (0.65 to 1.60)
161 148 1.63 (1.12 to 2.36) 2.29 (1.17 to 4.52) 1.39 (0.87 to 2.20)

.003 .007 .09

(Table continues)

lung cancer. The median time from serum collection to lung 
cancer diagnosis/control selection was 2.9  years (interquartile 
range = 1.1–5.1 years).

Of the 68 markers, 11 were statistically significantly associated 
with lung cancer risk (Table 2; Supplementary Table 2, available 
online). These 11 markers included acute-phase proteins (CRP, 
serum amyloid A [SAA]), proinflammatory cytokines (soluble tumor 

necrosis factor receptor 2 [sTNFRII]), anti-inflammatory cytokines 
(interleukin 1 receptor antagonist [IL-1RA]), lymphoid differentia-
tion cytokines (interleukin 7 [IL-7]), growth factors (transforming 
growth factor alpha [TGF-A]), and several chemokines (epithelial 
neutrophil-activating peptide 78 [ENA 78/CXCL5], monokine 
induced by gamma interferon [MIG/CXCL9], B cell–attract-
ing chemokine 1 [BCA-1/CXCL13], thymus activation regulated 

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt309/-/DC1
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chemokine [TARC/CCL17], macrophage-derived chemokine 
[MDC/CCL22]). For a majority of these markers, elevated levels 
were associated with statistically significantly increased lung cancer 
risk, with odds ratios (comparing highest vs lowest category) rang-
ing from 1.47 for IL-7 to 2.27 for CRP (Ptrend across marker cat-
egories = .05 to <.001). In contrast, elevated levels of IL-1RA were 
associated with statistically significantly decreased lung cancer risk 
(OR = 0.71; 95%CI = .51 to 1.00). Associations for CRP and SAA 
retained statistical significance after Bonferroni correction.

No statistically significant difference was observed in the asso-
ciations between marker levels and lung cancer across latency 
(Table 2) (all Pinteraction > .05), histology (Supplementary Table 3, 
available online) (all Pheterogeneity > .05), or smoking (Figure  1, 
A–C) (all Pinteraction > .05), with the exception of statistically sig-
nificant differences by smoking for IL-1RA and by histology 
for TGF-A. Notably, despite a small number of lung cancers 
among never smokers (n  =  30), nine markers were statistically 
significantly associated with lung cancer among never smokers, 
including ENA-78/CXCL5 and IL-7, which were both associ-
ated with lung cancer overall, and GCP2/CXCL6, G-CSF, IL-6, 
MIP-1B/CCL4, MCP-2/CCL8, MCP-4/CCL13, and stromal 
cell–derived factor-1 (SDF-1 A-B/CXCL12), which were not 
associated with lung cancer overall (Supplementary Table  4, 
available online).

Of the 11 markers statistically significantly associated with 
lung cancer risk, four (CRP, BCA-1/CXCL-13, MDC/CCL22, 
and IL-1RA) retained statistical significance in backward step-wise 
regression. Elevated levels of the cross-validated inflammation 

score based on these four markers were associated with a 2.8-
fold increased lung cancer risk (Table  3) (OR quartile [Q] 4 vs 
Q1  =  2.79; 95%CI  =  1.88 to 4.14; Ptrend < .001). When analyses 
were reweighted to the screening arm cohort, 10-year cumulative 
risks of lung cancer increased from 1.1% for former smokers with 
inflammation score in Q1 to 3.1% for former smokers in Q4 and 
from 2.3% for current smokers in Q1 to 7.9% for current smokers 
in Q4, after accounting for smoking exposures (Figure 2).

Among control subjects, compared with never smokers, seven 
markers were statistically significantly elevated in former or cur-
rent smokers (including CRP, TGF-A, MIG/CXCL9, MDC/
CCL22, and TARC/CCL17), and 13 markers were statistically 
significantly decreased in former or current smokers (including 
IL-1RA) (Supplementary Table 5, available online). Of the mark-
ers associated with lung cancer risk, CRP, SAA, and TGF-A were 
statistically significantly elevated among individuals with bronchi-
tis/emphysema (Supplementary Table  6, available online). Levels 
of the inflammation score were statistically significantly higher 
among former (OR = 2.17; 95% CI = 1.51 to 3.13) and current 
smokers (OR = 5.10; 95% CI = 3.43 to 7.57) and among those with 
a history of chronic bronchitis or emphysema (OR  =  1.62; 95% 
CI = 1.18 to 2.22).

Discussion
In the first comprehensive investigation of circulating inflamma-
tion markers and prospective lung cancer risk, our key observa-
tion was that 11 markers that represent several components of 

Years from sample until selection

Marker and level, pg/mL
Lung cancer 
case patients Control subjects OR (95% CI) <2 years ≥2 years Pinteraction‡

BCA-1/CXCL13
<13.6
13.6–18.5
18.6–25.6
≥25.7
Ptrend†

113 148 1.0 1.0 1.0 .53
112 148 0.97 (0.67 to 1.40) 1.03 (0.52 to 2.06) 0.88 (0.55 to 1.38)
123 149 0.99 (0.68 to 1.45) 0.89 (0.43 to 1.84) 0.96 (0.60 to 1.52)
178 147 1.59 (1.10 to 2.29) 1.89 (0.96 to 3.70) 1.45 (0.93 to 2.27)

.01 .08 .08
TARC/CCL17

<73.5
73.5–115.0
115.1–168.6
≥168.7
Ptrend†

106 148 1.0 1.0 1.0 .79
121 148 1.16 (0.80 to 1.67) 0.98 (0.51 to 1.89) 1.17 (0.76 to 1.83)
119 148 1.09 (0.76 to 1.57) 1.03 (0.55 to 1.96) 1.05 (0.69 to 1.65)
180 148 1.50 (1.06 to 2.13) 1.24 (0.66 to 2.36) 1.55 (1.06 to 2.36)

.03 .46 .06
MDC/CCL22

<899.0
899.0–1137.2
1137.3–1387.0
≥1,387.1
Ptrend†

111 148 1.0 1.0 1.0 .49
114 148 1.13 (0.78 to 1.65) 1.17 (0.59 to 2.31) 1.13 (0.71 to 1.79)
106 148 0.96 (0.66 to 1.41) 1.04 (0.53 to 2.04) 0.94 (0.59 to 1.50)
195 148 1.72 (1.18 to 2.50) 1.42 (0.73 to 2.74) 1.89 (1.19 to 3.00)

.009 .36 .01

*	 Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated in conditional logistic regression models. Models were adjusted for matching criteria, personal 
history of bronchitis/emphysema, history of coronary heart disease or heart attack, family history of lung cancer, use of aspirin/ibuprofen, body mass index, race, and 
education. BCA-1/CXCL13 = B cell–attracting chemokine 1; CRP = C-reactive protein; ENA78/CXCL5 = epithelial neutrophil-activating peptide 78; IL-1RA = interleukin 1 
receptor antagonist; IL-7 = interleukin 7; MDC/CCL22 = macrophage-derived chemokine; MIG/CXCL9= monokine induced by gamma interferon; SAA = serum amyloid 
A; sTNFRII = soluble tumor necrosis factor receptor 2; TARC/CCL17 = thymus activation regulated chemokine; TGF-A = transforming growth factor alpha.

†	 Two-sided P values for trend across marker categories were assessed with the Wald test using marker levels as an ordinal variable with 1 degree of freedom.

‡	 Two-sided P values for interactions were estimated with a cross-product term between latency and categories of markers treated as an ordinal variable and 
assessed with the Wald test.

Table 2  (Continued).

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt309/-/DC1
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the inflammation process— acute-phase proteins, pro- and anti-
inflammatory cytokines, chemokines, and growth factors— were 
associated with lung cancer risk. Additionally, an inflammation 
score based on four independent markers (CRP, BCA-1/CXCL13, 

MDC/CCL22, and IL-1RA) provided good separation in 10-year 
cumulative risks of lung cancer. Importantly, these associations 
were present after careful adjustment for smoking, and elevated 
marker levels preceded lung cancer diagnosis by several years. Our 

Figure  1.  Associations of 11 inflammation markers with lung cancer 
risk stratified by smoking status. Odds ratios and 95% confidence 
intervals comparing the highest level vs lowest level from conditional 
logistic regression models are shown. All models were adjusted for 
matching factors (age, sex, follow-up time, randomization year, pack-
years of smoking, and time since quitting) as well as for personal his-
tory of bronchitis/emphysema, history of coronary heart disease or 
heart attack, family history of lung cancer, use of aspirin/ibuprofen, 
body mass index, race, and education. P values for trend across marker 
categories were estimated through the use of markers as ordinal vari-
ables with 1 degree of freedom. Multiplicative statistical interactions of 

inflammation marker associations across smoking status were evalu-
ated using the Wald test. Statistically significant differences by smoking 
status were only observed for the association between interleukin 1 
receptor antagonist (IL-1RA) and lung cancer. All P values were two-
sided. BCA-1/CXCL13 = B cell–attracting chemokine 1; CRP = C-reactive 
protein; ENA78/CXCL5  =  epithelial neutrophil-activating peptide 78; 
IL-7  =  interleukin 7; MDC/CCL22  =  macrophage-derived chemokine; 
MIG/CXCL9= monokine induced by gamma interferon; SAA  =  serum 
amyloid A; sTNFRII = soluble tumor necrosis factor receptor 2; TARC/
CCL17 = thymus activation regulated chemokine; TGF-A = transforming 
growth factor alpha.
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Figure  2.  Ten-year standardized cumulative risks of lung cancer sepa-
rately among never smokers (NS; black lines), former smokers (FS; 
blue lines), and current smokers (CS; red lines) across an inflammation 
score which was based on four independent markers (C-reactive pro-
tein [CRP], B cell–attracting chemokine 1 [BCA-1/CXCL13], MDC/CCL22 
[macrophage-derived chemokine], and interleukin 1 receptor antagonist 
[IL-1RA]). Cumulative risks were estimated using weighted Cox regression 
models and were standardized to the age, sex, and smoking (pack-years 
and time since quit) distributions of the 50 862 Prostate, Lung, Colorectal, 

and Ovarian Cancer Screening Trial screening arm participants eligible for 
selection into our case–control study. The figure also shows relative risks 
of lung cancer for each inflammation score quartile (Q) and smoking sta-
tus compared with never smokers with inflammation score in the fourth 
quartile. The cumulative risks of lung cancer estimated for never smokers 
in the first, second, and third quartiles of the inflammation score were 
0.17%, 0.26%, and 0.12%, respectively. Overall estimated 10-year cumu-
lative risks of lung cancer were 0.16% in never smokers, 1.8% in former 
smokers, and 5.0% in current smokers (data not shown in figure).

Table 3.  Association of inflammation score with lung cancer risk*

Category Q1 Q2 OR (95% CI) Q3 OR (95% CI) Q4 OR (95% CI) Ptrend†
Pinteraction/ 
Phererogeneity‡

Overall 1.0 1.51 (1.03 to 2.22) 1.28 (0.85 to 1.93) 2.79 (1.89 to 4.15) <.001 NA
Latency
  <2 years 1.0 1.34 (0.66 to 2.71) 1.48 (0.70 to 3.16) 2.61 (1.27 to 5.37) .005
  ≥2 years 1.0 1.65 (1.03 to 2.65) 1.19 (0.73 to 1.96) 2.98 (1.84 to 4.82) <.001 .80
Smoking
  Never smokers 1.0 1.88 (0.68 to 5.20) 1.09 (0.26 to 4.59) 0.95 (0.19 to 4.79) .96
  Former smokers 1.0 1.54 (0.93 to 2.53) 1.30 (0.76 to 2.21) 3.14 (1.87 to 5.30) <.001
  Current smokers 1.0 2.17 (0.85 to 5.53) 1.93 (0.77 to 4.84) 4.07 (1.72 to 9.62) <.001 .12
Histology
  AC 1.0 1.67 (0.98 to 2.86) 1.18 (0.66 to 2.11) 3.00 (1.68 to 5.37) .001
  SCC 1.0 0.86 (0.32 to 2.35) 0.70 (0.25 to 2.02) 1.45 (0.61 to 3.47) .25
  Small cell 1.0 1.54 (0.49 to 4.81) 0.86 (0.24 to 3.15) 2.28 (0.66 to 7.85) .21
  Large cell 1.0 —§ —§ —§ —§
  Other/unspecified 1.0 2.08 (0.51 to 8.45) 2.94 (0.87 to 9.96) 8.83 (2.28 to 34.3) .001 .68

*	 The inflammation score was estimated through fivefold cross-validation and was based on four markers: C-reactive protein (CRP), B cell–attracting chemokine 1 
(BCA-1/CXCL13), macrophage-derived chemokine (MDC/CCL22), and interleukin 1 receptor antagonist (IL-1RA). Odds ratios (ORs) and 95% confidence intervals 
(CIs) were estimated in conditional logistic regression models. Models were adjusted for matching criteria, personal history of bronchitis/emphysema, history of 
coronary heart disease or heart attack, family history of lung cancer, use of aspirin/ibuprofen, body mass index, race, and education. NA = not applicable.

†	 Two sided P values for trend across inflammation score categories were assessed with the Wald test using score categories as an ordinal variable with 1 degree of 
freedom.

‡	 Two sided P values for interaction were assessed with the Wald test through product terms for the respective covariate with inflammation score (modeled as an 
ordinal variable). Two-sided P values for heterogeneity were assessed using the Wald test.

§	 Not estimable.
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results go beyond previously reported single-marker associations 
by implicating several classes of inflammation markers in lung 
carcinogenesis.

The markers we found to be independently associated with 
increased lung cancer risk included CRP, an acute-phase protein 
whose levels rapidly increase in response to most forms of inflam-
mation, and BCA-1/CXCL13 and MDC/CCL22, chemokines 
that regulate the migration of B- and T lymphocytes and natu-
ral killer cells to sites of inflammation. Additionally, IL-1RA, an 
anti-inflammatory cytokine that antagonizes the proinflamma-
tory effects of IL-1, was associated with decreased lung cancer 
risk. Previously reported associations of CRP with lung cancer 
(20), laboratory studies of increased cancer progression among 
IL-1RA–deficient mice (32), and studies of high expression of 
BCA-1/CXCL13 and MDC/CCL22 and their respective recep-
tors in lung tumors (33,34) all lend biologic support for our 
observed associations. The other markers found to be associated 
with lung cancer, albeit not independently of the four markers 
noted above, included acute-phase proteins (SAA), proinflamma-
tory cytokines (sTNFRII), lymphocyte differentiation cytokines 
(IL-7), chemokines (ENA-78/CXCL5, MIG/CXCL9, TARC/
CCL17), and regulators of tumor growth and angiogenesis 
(TGF-A, ENA-78/CXCL5, MIG/CXCL9). The observation 
that several classes of inflammation markers produced by dif-
ferent cell types (epithelial, endothelial, and innate and adaptive 
immune cells) are associated with lung cancer risk collectively 
underscores the tumor-promoting role of inflammation and 
the role of the tumor microenvironment in lung carcinogenesis 
(22–24,35).

Our use of serum specimens collected before lung cancer 
diagnosis argues against reverse causation (ie, that the presence 
of undiagnosed lung cancer influenced inflammation marker 
levels). We did not observe statistically significant differences 
in our associations with time since serum collection, and sev-
eral markers (CRP, SAA, IL-7, TGF-A, TARC/CCL17, and 
MDC/CCL22) and the inflammation score were associated with 
lung cancers diagnosed 2 or more years after serum collection. 
Nevertheless, because the serum specimens we used were col-
lected a median of 2.9  years before lung cancer diagnosis, the 
markers we found to be associated with lung cancer risk perhaps 
reflect a mix of etiologically relevant factors that promote lung 
cancer as well as markers that reflect the presence of lung cancer 
precursor states or preclinical lung cancer. This consideration of 
etiologic markers vs early disease markers notwithstanding, we 
found good separation in 10-year cumulative risks of lung cancer 
across the inflammation score, providing preliminary evidence 
for the potential utility of inflammation markers for lung cancer 
risk stratification.

Although smoking is a known cause of pulmonary inflamma-
tion, our study design and observations argue against confound-
ing by smoking (36). We matched control subjects to case patients 
on several metrics—smoking status, pack-years, and time since 
quitting—ensuring comparable smoking exposures between case 
patients and control subjects. Additionally, for several markers 
and the inflammation score, we found statistically significant asso-
ciations with lung cancer risk even among former smokers who 
quit more than 15 years before lung cancer diagnosis. Therefore, 

we believe our results indicate that interindividual variability in 
inflammatory responses to similar smoking exposures is associated 
with lung cancer risk.

We found nine inflammation markers associated with lung 
cancer risk among never smokers, including some very strong 
associations (ORs  =  2.5–14.4). Although these results should be 
interpreted with caution because of the limited number of never 
smokers in our study, given the lack of identified risk factors/bio-
markers for lung cancer among never smokers (37), they warrant 
follow-up in larger studies.

The main strengths of our study include the population-based, 
prospective design of the PLCO cohort, measurement of inflam-
mation markers using a validated technology, and careful control 
for cigarette smoking and other confounders.

We also note several limitations. Despite strong biologic plau-
sibility for the association of inflammation markers with lung 
cancer, our observations need replication given the large num-
ber of markers evaluated. We identified 11 statistically signifi-
cant associations in contrast with four expected associations by 
chance (type I  error rate of 5% for 68 markers). Nonetheless, 
only CRP and SAA retained statistical significance at conservative 
Bonferroni thresholds. Further reflecting the need for replication, 
using the same case patients and control subjects, we previously 
reported that elevated levels of CRP [measured using a chemi-
luminescence assay (16)], and IL-6 and IL-8 [measured using 
high-sensitivity enzyme-linked immunosorbent assay (19)] were 
associated with increased lung cancer risk. Although our current 
study replicated the CRP association, we failed to find statisti-
cally significant associations for IL-6 and IL-8, likely because of 
low detectability (26.1% for IL-6) and/or poor reproducibility 
in this study (coefficients of variation >20%). Further, we meas-
ured markers at only one time point. There are little data on the 
stability of these marker levels over time, with the exception of 
CRP, which has been shown to be moderately stable (38). To the 
extent that the temporal stability of inflammation marker levels is 
moderate or low, we may have underestimated or missed associa-
tions of inflammation markers with lung cancer risk. Despite the 
large number of lung cancers, our stratified analyses by latency, 
histology, and smoking were underpowered. Finally, the degree 
to which pulmonary inflammation contributes to elevated cir-
culating inflammation marker levels is unknown. Nonetheless, 
we found that control subjects with bronchitis/emphysema had 
statistically significantly higher levels of CRP, SAA, TGF-A, and 
a higher inflammation score, lending support to the idea that 
circulating inflammation marker levels partly reflect pulmonary 
inflammation (39).

In conclusion, our study extends observations from laboratory 
studies and single-marker association studies by providing epide-
miologic evidence for the association of acute-phase proteins, pro- 
and anti-inflammatory cytokines, chemokines, and growth factors 
with prospective lung cancer risk. The separation in lung cancer 
cumulative risks across the inflammation score among current and 
former smokers provides preliminary evidence for the potential 
utility of inflammation markers in lung cancer risk stratification. 
Indeed, despite substantial reductions in lung cancer mortal-
ity through low-dose computed tomography screening (40), the 
high false-positivity rate of this screening modality underscores 



JNCI  |  Articles  1879jnci.oxfordjournals.org

the need for risk stratification factors beyond smoking behaviors. 
Pending replication of our results, it remains to be seen whether 
the addition of inflammation markers to lung cancer risk predic-
tion models (41–44) aids in the identification of individuals at 
highest lung cancer risk for targeted prevention and screening 
efforts.
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