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Abstract

Biomarkers based on germline DNA variations could have translational implications by
identifying prognostic factors and sub-classifying patients to tailored, patient-specific treatment.
To investigate the association between germline variations in interleukin (IL) genes and lung
cancer outcomes, we genotyped 251 single nucleotide polymorphisms (SNPs) from 33 different IL
genes in 651 non-small cell lung cancer (NSCLC) patients. Analyses were performed to
investigate overall survival, disease-free survival, and recurrence. Our analyses revealed 24
different IL SNPs significantly associated with one or more of the lung cancer outcomes of
interest. The GG genotype of 1L16:rs7170924 was significantly associated with disease-free
survival (HR = 0.65; 95% CI 0.50 — 0.83) and was the only SNP that produced a false discovery
rate (FDR) of modest confidence that the association is unlikely to represent a false-positive result
(FDR = 0.142). Classification and regression tree (CART) analyses were used to identify potential
higher-order interactions. We restricted the CART analyses to the five SNPs that were
significantly associated with multiple endpoints (IL1A:rs1800587, IL1B:rs1143634,
1L8:512506479, IL12A:rs662959, and 1L13:rs1881457) and 1L16:rs7170924 which had the lowest
FDR. CART analyses did not yield a tree structure for overall survival; separate CART tree
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structures were identified for recurrence, based on three SNPs (1L13:rs1881457, 1L1B:rs1143634,
and IL12A:rs662959), and for disease-free survival, based on two SNPs (IL12A:rs662959 and
IL16:rs7170924), which may suggest that these candidate IL SNPs have a specific impact on lung
cancer progression and recurrence. These data suggests that germline variations in IL genes are
associated with clinical outcomes in NSCLC patients.

Introduction

In the United States, lung cancer is the leading cause of cancer-related death among men and
women. Non-small cell lung cancer (NSCLC) represents more than 80% of lung cancer
diagnoses and has an overall 5-year survival rate of approximately 16% that decreases
precipitously among patients diagnosed with late stage disease [1]. Although pathologic
staging is an important prognostic factor for lung cancer [2], there is marked variability in
recurrence and survival among patients with the same stage of disease which suggests other
factors contribute to NSCLC prognosis. Presently there are few validated biomarkers that
can predict patient outcomes for NSCLC and most are based on tumor markers [3,4]. Thus,
discovery of biomarkers based on germline DNA variations represent a potential valuable
complementary strategy which could have translational implications for predicting patient
outcomes and sub-classifying patients to tailored, patient-specific treatment.

Although inflammation by innate immune cells is a physiologic process to fight infections
and heal wounds, chronic inflammation can result in sustained tissue damage and cellular
proliferation and subsequently lead to metaplasia and dysplasia [5]. As such, inflammation
is a “hallmark of cancer” [6] and is evident at the earliest stages of neoplastic development
and has a prominent role in enhancing tumorigenesis and cancer progression [7].
Interleukins (ILs) are a diverse family of cytokine molecules that play a regulatory role in
the growth, differentiation, and activation of immune cells [8]. Cytokine signaling
contributes to tumor progression by stimulating angiogenesis, cell growth, and
differentiation and through the inhibition of apoptosis of altered cells at the site of
inflammation [9]. Because of their diverse and pleiotropic effects, interindividual
differences of ILs are an attractive target to assess for lung cancer outcomes. To date there
have been four genome-wide association studies (GWAS) [10-13] that assessed germline
variants on NSCLC survival, but none of these GWAS found concordant results. At present,
there are few published pathway-based studies on the association between germline
variations in IL genes and lung cancer outcomes. To investigate the association between IL
genetic polymorphisms and lung cancer outcomes, we genotyped 251 single nucleotide
polymorphisms (SNPs) from 33 different IL genes in 651 NSCLC patients.

Material and Methods

Study population

This analysis included NSCLC patients recruited for H. Lee Moffitt Cancer Center and
Research Institute’s Total Cancer Care™ (TCC) protocol [14]. TCC is a multi-institutional
observational study of cancer patients that prospectively collects self-reported demographic
data, clinical data, medical record information, and blood samples for research purposes.
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There are no exclusion or inclusion criteria to provide consent; patients are followed for life
and every patient is eligible. The lung cancer patients in this analysis consented to the TCC
protocol at the Moffitt Cancer Center between April 2006 and August 2011 and had a blood
sample available for genetic analysis. This research was approved by the University of
South Florida Institutional Review Board.

Cancer registry data

Moffitt’s Cancer Registry abstracts information from patient electronic medical records on
demographics, history of smoking, stage, histology, and treatment. Patients seen for second
opinions are not included in the Cancer Registry database because they do not fall under
current reportable state and/or federal guidelines. Follow-up for vital status, cancer
recurrence, and progression occurs annually through active (i.e., chart review and directly
contacting the patient, relatives, and other medical providers) and passive methods (i.e.,
matching mortality records to patients’ names, gender, and addresses). Where available
pathologic TNM staging was utilized and if these data were missing we utilized clinical
TNM staging. Smoking status was categorized as self-report current-, former-, or never
smoker. The Cancer Registry defines “first course of treatment” as all methods of treatment
recorded in the treatment plan and administered to the patient before disease progression or
recurrence. To determine the impact of treatment, we assessed stage I to 111 patients who
only had surgery versus patients who had surgery and adjuvant chemotherapy. Adjuvant
chemotherapy was defined as having any chemotherapy regime within 3 months following
surgery. Stage IV patients were not included in these analyses since they rarely have surgery
because they have metastasis disease by definition.

Blood collection and genotyping

A 10-ml peripheral blood sample was drawn into coded heparinized tubes and genomic
DNA was extracted using the QlAamp DNA Mini Kit and a robotic system following the
manufacturer instructions (QIAGen, Valencia, CA). The genotype data for this analysis
were from a candidate gene study designed to assess the association between germline
genetics and NSCLC patient outcomes. The genes and/or specific SNPs were identified from
published data, public databases, and from lllumina’s (San Diego, CA) online Assay Design
Tool (ADT) database. We identified 33 candidate IL genes and selected coding and non-
coding SNPs in these genes based on one or more of the following criteria: biological
plausibility (i.e., specific SNPs shown to have putative or established role in lung cancer),
genotype-phenotype relationships (priority was given to SNPs with demonstrated functional
significance by in vitro studies or predictive functional significance by in silico data), and
polymorphism frequency (SNPs with a demonstrated or estimated allele frequency of less
than 5% were excluded). Genotyping was performed at the University of Miami Center-
Genome Technology Genotyping Core (Miami, FL) using Illumina’s GoldenGate Assay and
iScan platform and the genotypes were called using the BeadStudio software. Concordance
among the 3 genomic experimental DNA control samples present in duplicate was 100%.
The original SNP list consisted of 257 IL SNPs; however, 6 SNPs were not included in this
analysis because one SNP was monomorphic and 5 SNPs had a MAF of < 0.05. The
remaining 251 SNPs had a call rate of = 90% for the 651 NSCLC patients.
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IL SNPs in silico functional prediction

The SNPs of interest in this analysis were used to search for all SNPs in LD = 0.8 using the
online resource SNP Annotation and Proxy (SNAP) tool’s proxy search function [15]. Then,
the SNPs of interest and identified SNPs were subject to in silico functional predictions and
annotations using SNPnexus [16], SNPinfo [17], Polyphen 2 [18], the UCSC Genome
Browser [19], and RegulomeDB [20]. The results from these three searches were organized
into a MySQL relational database. The complete RegulomeDB [20] dataset was also
incorporated into this MySQL database. A Python program (SNPFunc_Retriever.py) was
used to extract selected data from each of the databases with the associated SNP
information.

Statistical analysis

Results

Multivariable Cox proportional hazard regression was used to evaluate all SNPs under a
dominant genetic model for their association with overall survival (OS), disease-free
survival (DFS), and time-to-recurrence (TTR). OS, DFS, TTR were assessed from date of
lung cancer diagnosis to the date of an event or date or last follow-up. For OS an event was
defined as death, for DFS an event was defined as death or progression of cancer, and for
TTR an event was defined as a lung cancer recurrence. For TTR, death was a censored
event. For all analyses, among individuals without an event, censoring occurred at either 5-
years or date of last follow-up if less than 5-years.

For each SNP the most frequent homozygote genotype was set as the referent genotype
(Hazard Ratio [HR] = 1.00) and adjusted for age, sex, race, smoking, stage, histology, and
first course of treatment, where appropriate. We tested SNP genotypes for departure from
Hardy-Weinberg equilibrium (HWE) using the default exact tests implemented in PLINK
software (version 1.07) [21]. Bootstrap re-sampling was performed at 1,000x for internal
validation and the bootstrap estimate of bias was calculated [22]. For each SNP the estimate
of bias was divided by the HR to generate the percentage of bias. The false discovery rate
(FDR) was utilized to account for multiple testing [23] for each endpoint (OS, DFS, TTR).
The prior for a SNP with a FDR < 0.25 is regarded as modest confidence that the association
is unlikely to represent a false-positive result and a SNP with a FDR < 0.05 is regarded as
high confidence that the association is unlikely to represent a false-positive result.

A classification and regression tree (CART) approach was utilized to explore potential novel
SNP combinations. CART is a nonparametric data-mining tool that can segment data into
meaningful subgroups and has been adapted for failure time data [24] using the Martingale
Residuals of a Cox model to approximate chi-square values for all possible SNP
combinations.

The demographic and clinical characteristics of the 651 lung cancer patients are presented in
Table 1. The mean at diagnosis was 64.8 years, 34.9% were over the age of 70, 50.8% were
women, 96.6% were White, 31.6% were current smokers, 55.9% of the patients were
diagnosed with adenocarcinoma/BAC, and 54.3% were diagnosed with late stage cancer
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(stages 11 or 1V). The most frequently recorded treatment plan was patients receiving
multiple first course treatments (49.5%). Although the BAC histological classification is no
longer reported, this subtype is still included in this analysis because since the data were
obtained retrospectively and have not yet been reclassified to the new classification strategy
[25]. Univariable HRs revealed that males, current smokers, other NSCLC histology, stage,
chemotherapy only, and no first course treatment were significantly associated with an
increased risk of death.

Table 2 presents the 24 IL SNPs that were significantly associated with OS, DFS, and TTR.
Our analyses revealed that seven SNPs were significantly associated with OS and following
bootstrap resampling, two remained statistically significant (1L8B:rs12506479 and
IL13:rs129568;). Twelve were significantly associated with DFS of which six SNPs
remained statistically significant following bootstrap resampling (1L16:rs7170924,
IL1B:rs1143634, IL12A: rs662959, 1L8:rs12506479, IL12A:rs609907, and
IL12A:rs485497). Of the ten SNPs that were significantly associated TTR, five remained
statistically significant following bootstrap resampling (1L18:rs2043055, 1L1R1:rs3917292,
IL2:rs2069763, IL1R1:rs3917285, and 1L2:rs2069762). The bootstrap bias ranged from
0.03% to 4.63% indicating there was little evidence of bias from the bootstrap resampling.
FDR revealed with modest confidence that the association between IL16:rs7170924 (HR =
0.65; 95% C1 0.50 - 0.83; FDR = 0.142) for DFS is unlikely to represent a false-positive.
Although only one SNP fell below our FDR threshold (FDR < 0.25), throughout the results
and discussion any SNP that was nominally significant (i.e., P < 0.05 and FDR > 0.25) is
described as statistically significantly associated with one or more NSCLC endpoint.

Table 3 contains the overall and treatment-specific analyses for the five SNPs significantly
associated with multiple endpoints and for IL16:rs7170924 which yielded the lowest FDR.
None of the SNPs were significantly associated with all three endpoints. The HRs for the
rare-allele genotypes for: IL1A:rs1800587 and L1B:rs1143634 were inversely associated
with OS and DFS; IL8:rs12506479 were significantly elevated for OS and DFS;
IL12A:rs662959 and 1L.13:rs1881457 were significantly elevated for DFS and TTR.

To determine whether these six SNPs had treatment-specific effects, we analyzed 1A-111B
stage patients who had surgery only (N = 176) versus patients who had surgery and any
adjuvant chemotherapy (N = 143). There was no evidence of effect modification for
IL1A:rs1800587, IL1B:rs1143634, IL12A:rs662959, and IL16:rs7170924 since the point
estimates for their treatment-specific effects were in the same direction as their main effects.
Conversely, there was evidence of effect modification for 1L8:rs12506479 and
L13:rs1881457. For 1L8:rs12506479, the rare allele genotypes were significantly elevated
for OS (HR =2.01; 95% CI 1.15 - 3.49) and DFS (HR = 1.87; 95% CI 1.01 - 1.64) among
patients treated with surgery only and the point estimates were near the null for the patients
treated with adjuvant chemotherapy following surgery. For L13:rs1881457, the rare allele
genotypes were significantly elevated for DFS (OR = 1.66; 95% CI 1.05 - 2.63) and TTR
(HR =2.07; 95% CI 1.14 — 3.77) among patients treated with adjuvant chemotherapy
following surgery. However, the point estimates were inversely associated with all three
endpoints among the surgery only patients, but they were not statistically significant. Since
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there were only 143 stage IA-I11B patients treated with adjuvant chemotherapy, we were
unable to analyze the data by type of chemotherapy.

A CART approach was used to identify potential higher-order interactions. We restricted the
CART analyses to the SNPs in Table 3 which are the SNPs that were significantly
associated with multiple endpoints and IL16:rs7170924 which had the lowest FDR. We
found CART tree structure associated with TTR (Figure 1A that had four patient subgroups
based on three SNPs (1L13:rs1881457, IL1B:rs1143634, and IL12A:rs662959). The four
subgroups were arbitrarily labeled as “Group 1” to “Group 4”. Patients in Group 3, who
possessed the common AA genotype for 1L13:rs1881457 and the common genotype
IL1B:rs1143634 and the T-allele genotypes for IL12A:rs662959, had significantly poorer
outcome compared to patients in Group 1 who possessed the common AA genotype for
IL13:rs1881457 and the variant T-allele genotypes for 1L1B:rs1143634 (P = 0.003). We also
found CART tree structure associated with DFS (Figure 2A) that had three patient
subgroups based on two SNPs (IL12A:rs662959 and 1L16:rs7170924). Patients in Group 3,
who possessed the T-allele genotypes for IL12A:rs662959 and the common GG genotype
for IL16:rs7170924 exhibited significantly poorer outcome compared to patients in Groups
1 and 2 (Figure 2B; P < 0.001). CART analyses did not yield CART tree structure for OS.

The 24 SNPs significantly associated with the lung cancer endpoints in Table 2 were
subjected to in silico annotation using SNPnexus [16], SNPinfo [26], Polyphen 2 [18], the
UCSC Genome Browser [19], and RegulomeDB [20] (Table 4). The majority of the SNPs
analyzed fell in non-coding regions of DNA with the exception of the IL1A:rs17561,
IL1B:rs1143634, and IL2:rs2069763. Of the five SNP loci in Table 3, the functional
prediction tools revealed which variants had potential impact on splicing (IL1B:rs1143634
and IL1A:rs1800587), transcription factor binding sites (I1L1A:rs1800587 and
IL1A:rs1881457), or were associated with copy number variants (1L13:rs1881457 and
IL12A:rs662959). The highest scoring of SNPs from RegulomeDB was L13:rs1881457
which is associated with GATAL transcription factor binding, histone marks, and DNAse
sensitivity.

For each gene that contained a significant SNP, we performed a KEGG enrichment analysis
of that gene [27] compared to the complete list of ILs using WebGestalt [28]. Modest fold-
enrichment values were observed for several pathways (Supplemental Table 1). The most
enriched pathway was that of the NOD-like receptor signaling pathway (Fold enrichment =
21.30). This pathway is involved in recognizing pathogens and initiating inflammatory
response elements such as expression of interleukin genes [29]. Indeed, mutations in NOD2
can result in increased IL1p production [30] and subsequently affect lung cancer patient
outcomes.

Discussion

We investigated germline polymorphisms in IL genes and their associations with multiple
NSCLC endpoints. Our analyses revealed 24 different IL SNPs significantly associated with
lung cancer endpoints, of which five SNPs were associated with multiple endpoints.
Specifically, IL1A:rs1800587, 1L1B:rs1143634, and |1L8:rs12506479 were significantly
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associated with OS and DFS, while IL12A:rs662959 and IL13:rs1881457 were significantly
associated with DFS and TTR. When we accounted for multiple comparisons, only one SNP
(IL16:rs7170924) produced a FDR that the association is unlikely to represent a false-
positive result. The GG genotype of 1L16:rs7170924 was significantly associated with
disease-free survival (HR = 0.65; 95% CI 0.50 — 0.83). CART analyses were used to identify
potential higher-order interactions which identified separate CART tree structures for
recurrence, based on three SNPs (1L13:rs1881457, 1L1B:rs1143634, and |L12A:rs662959),
and for disease-free survival, based on two SNPs (IL12A:rs662959 and 1L16:rs7170924).

Previous lung cancer association studies have reported IL SNPs associated with pain
severity [31], postoperative morbidity [32], radiation-induced toxicity [33], analgesia
response [34], recurrence [35], and overall survival [33,35,36]. Although the current
analyses revealed 24 different IL SNPs significantly associated with lung cancer endpoints,
IL16:rs7170924 was the only SNP that produced an FDR of modest confidence that the
association is unlikely to represent a false-positive result. To date, there have been no
published data demonstrating a statistically significant association of IL16:rs7170924 on
risk or cancer outcomes. IL16 is a pro-angiogenesis cytokine that has the potential to act
directly, either in a paracrine or autocrine fashion, to influence tumor cell growth and
progression and previous evidence suggests that IL16 may be a potential diagnostic and
prognostic factor for several types of solid and hematologic malignancies [37]. Thus,
germline variations that attenuate angiogenesis mediated by IL16 could result in improved
patient outcomes as revealed in our analyses.

In our study we explored CART analysis because it provides a novel approach to identify
potential higher-order interactions to reclassify patients into subgroups that may not
otherwise be identified utilizing standard analytical approaches such as Cox regression
modeling. The initial split of the CART tree structure for TTR (Figure 1A) was
IL13:rs1881457, suggesting that this SNP locus is responsible for the most variation for risk
of recurrence. The two subsequent splits were based on IL1B:rs1143634 and
IL12A:rs662959 which provided further variation for TTR among patients with the common
genotype (AA) for 1L13:rs1881457. We also identified a CART tree structure for DFS
which yielded 3 patient subgroups based on two SNPs. The initial split of the DFS CART
tree structure (Figure 2A) was IL12A:rs662959, which was also found in the CART tree
structure for recurrence (Figure 1A). To date, there have been no published data
investigating the association of IL12A:rs662959 on cancer risk or outcomes. However,
previous association studies have reported significant associations with other IL12
polymorphisms for prognosis of hepatocellular carcinoma [38] and risk of lung cancer [39],
nasopharyngeal cancer and hepatocellular carcinomas [40], cervical and vulvar cancers [41],
and colorectal cancer [42]. IL12 is multifunctional cytokine that interacts with both innate
and adaptive immunity, is a key regulator of cell-mediated immune responses, and induces
anti-angiogenesis activity mediated by IFN-y—inducible genes [43]. Thus, germline
variations that result in attenuate IL12-mediated angiogenesis could result in increased
cancer progression and recurrence as observed in findings. CART analyses did not yield a
tree structure for OS, which may suggest that these candidate IL SNPs have a specific
impact on lung cancer progression and recurrence.
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Treatment-specific analyses were performed to revealed potential effect modification for
IL8:rs12506479 and L13:rs1881457. Among patients with rare allele genotypes for
IL8:rs12506479, we found significantly elevated points for OS and DFS among the surgery
only patients, but the estimates were driven towards the null among patients treated with
surgery only. Thus, adjuvant chemotherapy may attenuate the deleterious effects of the
common risk for IL8:rs12506479 that was observed among patients treated by only surgical
resection. Interestingly, the rare allele genotypes for L13:rs1881457 were significantly
elevated for DFS and TTR among patients treated with adjuvant chemotherapy following
surgery while the point estimates were inversely associated with all three endpoints among
the surgery only patients. The treatment-specific analyses for 1L13:rs1881457 suggest that
adjuvant chemotherapy following surgery may be deleterious among patients with the risk
rare allele genotypes for IL13:rs188145.

Extensive in silico annotation was performed to determine potential functional significance
of all 24 SNPs that were significantly associated with the endpoints. The variant at
IL1A:rs17561 was the only non-synonymous SNP and analyses with PolyPhen 2 tool
classified its amino acid substitution of alanine to serine (A114S) as “probably damaging”
with a score of 0.982. Interestingly, the A114S variant coded by IL1A:rs17561 falls in the
recognition domain for Calpain-mediated cleavage that removes the precursor peptide to
yield the active IL1A protein. Importantly, Calpain processes the S114 variant 100-fold
more effectively than the A114 IL1A protein [44], which may suggest that patients
harboring the S114 IL1A protein could produce higher levels of active IL1A and
subsequently modulate the inflammatory response. Lee et al. [45] demonstrated that IL1A
mMRNA expression is independent of the IL1A:rs17561 genotype while release of active
IL1A is dependent on genotype. The importance of the IL1A:rs17561 SNP in human disease
is exemplified by the 33 association studies including lung cancer response to radiotherapy
and increased risk for breast cancer and ovarian cancer (Supplemental Table 2). Among the
five SNP loci that were found to be significantly associated with multiple endpoints, in silico
annotation revealed that these variants may have potential functional impact on splicing,
transcription factor binding sites, and associations with copy number variants (Table 4).
RegulomeDB revealed there is a high likelihood of transcriptional regulation at or near
IL13:rs1881457 because of its association GATAL transcription factor binding, histone
marks, and DNAse sensitivity. Additionally, ENCODE data for lung cell line specific
experiments (Supplemental Figure 1A to E) indicate that IL8:rs12506479 overlaps with
several functional features including H3K27 acetylation indicate proximity to active
regulatory elements (Supplementary Figure 1E). Additionally, the variant at
IL1A:rs1800587 has been previously shown to contribute to an increase in IL1A promoter
activity, mRNA levels, and protein levels [46]. Since these 5 SNPs mark regions of
functional importance with a causal SNP that is in linkage disequilibrium (LD), SNAP was
used to identify SNPs in high LD (r2 > 0.8) and a bioinformatic pipeline identified other
SNPs that may have functional impacts on the IL genes. Interestingly, the variant at
IL1A:rs17561 was found to be in LD with IL1A:rs1800587 (r2 = 1.0), which was the only
non-synonymous coding SNP analyzed from Table 2. However, IL1A:rs1800587 was
significantly associated with OS and DFS while IL1A:rs17561 was only significantly
associated with DFS. Several of the SNPs (Supplemental Table 3) overlap with functional
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features, however, tailored functional experiments would be required to determine the exact
functional impacts of these SNPs on gene expression and the cellular impacts.

There are some limitations to this analysis that should be noted. Although we evaluated 33
different IL genes and 251 SNPs, this panel is far from comprehensive. However, lack of
concordance in the results across the four previous GWAS [10-13] may suggest that a large
array of SNPs spanning the entire genome may not be the optimal approach. We also
acknowledge the possible lack of generalizability of our study population is derived from a
single clinic from a tertiary Cancer Center and is comprised of mostly non-Hispanic Whites.
However, state and national cancer registries do not collect tissue for germline DNA, and
therefore, efficient recruitment of large numbers of patients is only possible through high-
volume clinics, such as Moffitt’s Thoracic Oncology Clinic. Although there is no reason to
think that patients treated at Moffitt would differ with respect to IL gene polymorphisms
compared to patients treated at other facilities, we must consider that lung cancer patients at
a tertiary cancer center like Moffitt could represent more complex cases. Another possible
limitation is that the SNPs identified in our analyses might be correlated with other SNPs in
the region including the causal variant, but we would require fine-mapping of these IL genes
to further isolate additional key markers. Another possible limitation is that we did not
include rare variants in our SNP panel since a growing body of evidence suggests that rare
SNPs with a minor allele frequency of less than 5% are also an important component of the
genetic influence of common human diseases [47]. However, with a sample size of 651 we
would have likely been underpowered to detect statistically significant results. Although we
performed bootstrap re-sampling to internally validate our findings and noted little evidence
of bias from the bootstrap re-sampling, the FDR analyses revealed modest confidence for
only one SNP as unlikely to represent a false-positive result.

Although the vivo functional significance of these germline variations needs to be validated
in experimental models, these data suggests that germline variations in interleukin genes are
associated with clinical outcomes in NSCLC patients. We also revealed a novel and
potential high-order interactions of IL SNPs related to recurrence and disease-free survival
that has not been demonstrated previously. Validated germline biomarkers, even with small
effects, may have potential important clinical implications by optimizing patient-specific
treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Page 13

A) The tree structure of the classification and regression tree (CART) analysis for time-to-
recurrence of the six IL SNPs from Table 3. The CART analysis identified 4 subgroups
based on three of the six SNPs: 1L13:rs1881457, IL1B:rs1143634, and 1L12A:rs662959. B)
The Kaplan-Meier survival curves and overall log-rank test for the subgroups identified by
the CART analysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated
for each subgroup using group 1 as the referent subgroup (HR = 1.00).

Mol Carcinog. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Woods et al.

Page 14

GG genotype

T-allele genotypes CC genotype

IL12A:rs662959

IL16:rs7170924

T-allele genotypes

Group 3
N =101

Group 2 Group 1
N =58 N =488

Figure 2.

o

S B Log-rank test P-value < 0.001
©
>
E
> wn
wv ~ 4
v S
&
'™
o
"
T o
g 0
o o
-
e e e,
3 __________________
= Q4
s 37 e
S
a Group 1and 2: HR =1.00 (Referent)

8 | Group 3: HR =1.73; 95% CI (1.29 - 2.31)

S T T T T T T

0 1 2 3 4 5
Years
Groupl ————- Group 2
----------- Group 3

A) The tree structure of the classification and regression tree (CART) analysis for disease
free survival of the six IL SNPs from Table 3. The CART analysis identified 3 subgroups
based on two of the six SNPs: IL12A:rs662959 and I1L16:rs7170924. B) The Kaplan-Meier
survival curves and overall log-rank test for the subgroups identified by the CART analysis.
Hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated for subgroup 3
using groups 1 and 2 as the referent subgroup (HR = 1.00).
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Table 1

Characteristics of the non-small cell lung cancer patients

Characteristic No. =651 uHR (95% CI)3
Age at diagnosis
Mean (SD) 64.8 (10.3) 1.00(0.99, 1.01)
Categorical, N (%)
<49 55 (8.5) 1.00 (referent)
50 to 59 133 (20.4) 0.82(0.54, 1.24)
60 to 69 236 (36.3) 0.95(0.65, 1.39)
270 227 (34.9) 0.98(0.67,1.43)
Sex, N (%)
Female 331 (50.8) 1.00 (referent)
Male 320 (49.2) 1.30(1.07, 1.60)
Race, N (%)1
White 629 (96.6) 1.00 (referent)
Black and other race 22 (3.4 1.40 (0.86, 2.29)
Smoking status, N (%)
Never 56 (8.6) 1.00 (referent)
Former 389 (59.8) 1.43(0.95,2.17)
Current 206 (31.6) 1.69(1.10, 2.59)
Histology, N (%)
Adenocarcinoma and BAC 364 (55.9) 1.00 (referent)
Squamous Cell Carcinoma 141 (21.7) 1.26(0.98, 1.63)
Other NSCLC 146 (22.4) 1.53(1.20, 1.95)
Stage, N (%)
| 225 (34.6) 1.00 (referent)
1 73 (11.2) 156 (1.07,2.29)
11 183 (28.0) 2.39(1.82 3.14)
v 170 (26.2) 3.12(2.38,4.10)
First Course of Treatmentz, N (%)
Multiple 322 (49.5) 1.00 (referent)
Surgery only 243  (37.3) 0.53(0.42,0.67)
Chemotherapy only 65 (10.0) 1.78(1.30,2.44)
Radiation only 6 (0.9 1.81 (0.74, 4.39)
None 15 (2.3) 1.97 (110,352

Page 15

Abbreviations: uHR, univariable Hazard Ratio; Cl, Confidence Interval; SD, standard deviation; BAC, bronchioloalveolar cell carcinoma; NSCLC,

non-small cell lung cancer

Bold font indicates a statistically significant HR

1 . . . .
96.5% of the patients were self-reported Hispanic/Latino.

First course of treatment includes all methods of treatment recorded in the treatment plan and administered to the patient before disease

progression or recurrence.
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3OS was used as the endpoint to generate the HRs and 95% Cls.
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Table 3

Main effects and treatment-specific effects of selected interleukin SNPs

Page 19

RSID

Gene
Symbol

Role/Function
in Cancer (reference)

Endpoint

rs1800587

rs1143634

rs12506479

rs662959

rs1881457

s7170924

IL1A

IL1B

IL8

IL12A

IL13

IL16

Tumor invasion and
angiogenesis (43)

Tumor invasion and
angiogenesis (43)

Angiogenesis; cell
proliferation and
survival (44)

Anti-angiogenesis and
anti-metastasis (34)

Tumorigenesis,
invasion, and
metastasis (45)

Tumor progression,
angiogenesis (28)

(O8]
DFS
TTR

(O8]
DFS
TTR

(O8]
DFS
TTR

0s
DFS
TTR

(ON]
DFS
TTR

(ON]
DFS
TTR

Main effects By Treatment4
mHR (95% CI)1 P-value2 Surgery Surgery plusACT
0.80(0.65 099 0045 (004054, 1.64) 0.45(0.27,0.76)
0.75(059,0.95) 0017 078(0.47,1.32)  0.50(0.32, 0.79)
081(057,1.15) o373 059(0.22,158)  0.56(0.31, 1.00)
0.78(0.63,098) 0033  069(0.39,1.23)  0.63(0.37, 1.05)
0.73(057,093) 0011  059(0.34,1.02)  0.68 (0.4, 1.07)
071(049,1.02) 053 0.30(0.09,1.05)  0.68(0.38, 1.22)
1.35(1.09,1.68) 0006  201(1.15349)  1.08 (0.65, 1.80)
129(1.01,1.64) 0040  187(1.11,315)  1.06 (0.68, 1.66)
1.02(0.72,1.46)  ggopS  142(052,3.93)  0.90 (0.50, 1.60)
115(0.90,1.48) (2613 1.79(0.96,334)  1.53(0.88,2.67)
1.41(1.08,1.83)  (oi2  203(115362)  1.94(120,3.12)
149(1.01,219)  qoa5  242(0.88,6.69)  1.84(0.99, 3.39)
1.10(0.87,1.38) 4355  0.87(0.48,1.60) 156 (0.90, 2.68)
129(1.00,1.66)  (odg  0.81(0.45,1.44)  1.66(1.05,2.63)
149(1.03,216)  (g34  0.56(0.15,2.05 207 (1.14,3.77)
0.82(0.65,1.02)  0.080  0.51(0.29,0.90)  0.71(0.41, 1.21)
0.65(0.50,0.83) 0001  0.49(0.29,0.84)  0.60(0.37, 0.96)
0.79(0.55,1.13)  0.201  0.82(0.32,2.09)  0.69(0.38, 1.27)

Abbreviations: mHR, multivariable hazard ratio; Cl, confidence interval; ACT, adjuvant chemotherapy; OS, overall survival; DFS, disease-free

survival; TTR, time to recurrence

Bold font indicates a statistically significant HR

1 . . . .
Adjusted for age, gender, race, smoking status, stage, histology, and first course treatment.

2P-value from the Cox Proportional Hazard model

Not statistically significantly associated with the endpoint and were not included in Table 2.

4Among IA to I11B patients only
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