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Abstract
Context—A report by the National Cancer Institute identified that an important gap in symptom
research is the investigation of multiple symptoms of cancer that might identify common
biological mechanisms among cancer-related symptoms.

Objectives—We applied novel statistical methods to assess whether variants of 37 inflammation
genes may serve as biologic markers of risk for severe pain, depressed mood, and fatigue in non-
Hispanic white patients with non-small cell lung cancer.

Methods—Pain, fatigue, and depressed mood were assessed prior to cancer treatment. We used a
generalized, multivariate, classification tree approach to explore the influence of single nucleotide
polymorphisms in the inflammation genes in pain, depressed mood, and fatigue in lung cancer
patients.

Results—Among patients with advanced-stage disease, IL-8-T251A was the most relevant
genetic factor for pain (odds ratio [OR]=2.18, 95% confidence interval [CI]=1.34,3.55; P=0.001),
depressed mood (OR=0.37, 95% CI=0.14,1.0), and fatigue (OR=2.07, 95% CI=1.16,3.70). Among
those with early-stage NSCLC, variants in the IL-10 receptor were relevant for fatigue among
women. Specifically, women with genotype Lys_Glu or Glu_Glu in the IL-10 gene had a 0.49
times lower risk of severe fatigue compared with those with genotype Lys_Lys (OR=0.49, 95%
CI=0.25, 0.92; P=0.027). Among men with early-stage lung cancer, a marginal significance was
observed for IL-1A C-889T, C/T or T/T genotype: these men had a lower risk of severe fatigue
compared with those with genotype C/C (OR=0.38, 95% CI=0.13, 1.06).

Conclusion—The interaction of multiple inflammation genes, along with non-genetic factors,
underlies the occurrence of symptoms. IL-8 and IL-10 may serve as potential targets for treating
multiple symptoms of cancer.
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Introduction
Lung cancer is the most common fatal cancer in the United States (1), with an estimated
222,520 new cases and 157,300 deaths in 2010 alone (2). Non-small cell lung cancer
(NSCLC) is the most common type of lung cancer. Most patients with NSCLC present with
advanced-stage disease, with only 16% of cases diagnosed at the earliest and most curable
stage. Patients with NSCLC suffer from severe and debilitating symptoms associated with
cancer and its treatment; pain, depression, and fatigue are prevalent among these patients
(3).

Symptoms in cancer patients have been hypothesized to result from a complex interaction
between the tumor and host characteristics, including the immune status of the host,
comorbidities, and the type of antineoplastic treatments being given. Recent pre-clinical and
clinical studies suggest the importance of inflammation in cancer (4-7) and cancer-related
symptoms (8-12). Circulating cytokines and inflammatory proteins are associated with pain,
cognitive impairment, depression, fatigue, cachexia, and sleep disorders (9-11).

Cytokine genes are highly polymorphic. Polymorphisms found in the regulatory regions,
including promoters and untranslated regions (UTRs), can, in many cases, affect in vitro
expression of the gene product. Polymorphisms in inflammation genes have been shown to
influence pain, depression, and fatigue (13-15). In a study of lung cancer patients, Reyes-
Gibby and colleagues (16) genotyped functional single-nucleotide polymorphisms (SNPs) in
tumor necrosis factor-alpha (TNF-α)-308G/A, interleukin (IL)-6-174G/C, and IL-8-251T/A
and determined their associations with pain severity. They found that after controlling for
epidemiologic (age and sex), clinical (stage of disease, comorbidities), and symptom
(depressed mood and fatigue) variables known to influence pain severity, variant alleles in
IL-8-251T/A were a significant factor for severe pain for white patients. In a follow-up
study (13), they assessed if the same genetic variants would influence analgesic intake in
lung cancer patients who were referred for pain control. They found that variant alleles in
TNF-α-308G/A remained significantly associated with pain severity (b = 0.226; P = 0.036)
and carriers of the IL-6 -174C/C genotypes required a 4.7 times higher dose of opioids for
pain relief relative to G/G and G/C genotypes. A study of pancreatic cancer patients (14)
further confirmed that select polymorphisms in IL-8 were associated with pain severity
scores. Other studies have likewise shown the influence of genetic polymorphisms in
inflammation genes on the severity of cancer-related symptoms (17, 18). A significant
limitation of these studies, however, is that although symptoms are never expressed in
isolation, these studies examined symptoms as mutually exclusive entities. In particular,
these studies used univariate analytical approaches, where each symptom was analyzed
separately. Although the univariate approach is simple and straightforward, it ignores the
joint information among co-occurring and potentially correlated symptoms, which may have
led to incorrect inferences (19). Advances in statistical methods have now enabled the
assessment of putative genetic mechanisms underlying correlated phenotypes (e.g., pain,
depression, and fatigue). Multivariate approaches that account for the correlation among
multiple outcomes of pain, depression and fatigue could improve the predictive accuracy
and can outperform individual univariate approaches (19, 20).

Therefore, in this study, we used a nonparametric, tree-based, multivariate approach to
assess the influence of 59 genetic variants in 37 inflammation genes on the severity of pain,
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fatigue, and depressed mood in 599 newly diagnosed patients with NSCLC, accounting for
the correlation among these three symptoms. Our exploratory hypothesis is that
polymorphisms of inflammation genes will help predict pain, depressed mood, and fatigue
in lung cancer patients.

To our knowledge, this study is among the first to explore the relation of SNPs in the
inflammation pathway to pain, depressed mood, and fatigue simultaneously in lung cancer
patients. Identifying host genetic polymorphisms of inflammation genes, as well as the
potential interactive effect between these genetic components and environmental factors,
will improve our knowledge of symptom burden in lung cancer patients and may provide
clues for potential drug targets. Because host genetic polymorphisms are stable markers, it
will enable early identification of cancer patients at high risk for severe symptoms, and will
help facilitate early symptom management.

Materials and Methods
Study Subjects

The study sample was drawn from a case-control study of lung cancer (21), with an overall
participation/response rate of 80%. We focused our analyses on case patients with newly
diagnosed, histologically confirmed NSCLC who were recruited at the time of initial
registration at The University of Texas M. D. Anderson Cancer Center, prior to the initiation
of any cancer treatment. There were no restrictions with regard to age, sex, ethnicity, or
disease stage. Only U.S. residents were recruited. This study was approved by the
Institutional Review Board at M. D. Anderson Cancer Center.

Collection of Demographic, Clinical, and Symptom Data
Demographic, clinical, and symptom data were collected prior to the initiation of any cancer
treatment. Using self-administered questionnaires, subjects rated their pain on a 0 to 10
rating scale (0 = no pain and 10 = pain as bad as you can imagine), a standard method for
assessing pain. Fatigue and depressed mood were assessed using two items from the 12-Item
Short-Form Health Survey (SF-12®) (22): “During the past 4 weeks, have you had a lot of
energy?” and “During the past 4 weeks, have you been feeling downhearted and blue?,”
respectively. Response options were: 1 = none of the time, 2 = little of the time, 3 = some of
the time, 4 = good bit of time, 5 = most of the time, and 6 = all of the time. Clinical data
abstracted from patients’ charts were stage of disease and history of comorbid conditions
(heart disease, stroke, diabetes, etc.).

Blood Sample Collection, DNA Extraction, and Genotyping
Blood samples were collected at presentation to the cancer center (4). All SNPs were
genotyped using the SNPlex™ Genotyping System (Life Technologies, Grand Island, NY),
which enables simultaneous genotyping of up to 48 SNPs in a single tube using an
oligonucleotide ligation assay.

SNP and Gene Selection
We selected for genotyping SNPs in immune-response genes that met at least two of three
criteria: 1) minor allele frequency of at least 5%; 2) location in the promoter, UTR, or
coding region of the gene; and 3) previous report of an association with cancer and symptom
severity. The final list comprised SNPs in the following genes: pro-inflammatory cytokines
and related molecules (IL-1A, IL-1B, IL-2, IL-6, IL-8, IL-12, IL-16, TNF-α, TNF-b, GM-
CSF, MCP, MIF, INFg); anti-inflammatory cytokines and related molecules (IL-1RA, IL-4,
IL-4R, IL-10, IL-10RA, IL-10RB, IL-13); prostaglandin and nitric oxide (PTGS2, ENOS,
INOS), and intracellular signaling molecules (IKB, PPARA, PPARD, PPARG).
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Statistical Analyses
Descriptive statistics were used to summarize the subject characteristics. The Kolmogorov-
Smirnov Z test was used to assess the normality distribution of pain, fatigue, and depressed
mood. Since normality was not met, we dichotomized the values of pain, fatigue and
depressed mood. Therefore, in this study, we used the widely accepted and previously
applied cut-off points (23-25) to dichotomize the responses to severe versus non-severe
symptoms. We used the National Comprehensive Cancer Network (NCCN) cut-off score of
> 7 for severe pain (26). Based on previous studies (13, 14, 27, 28), we also combined
responses to the SF-12 questionnaire to categorize severe levels of depressed mood and
fatigue. For the question, “During the past 4 weeks, have you been feeling downhearted and
blue?,” responses of “most of the time” and “all of the time” were combined to indicate
severe levels of depressed mood, and “none of the time,” “little of the time,” “some of the
time,” and “good bit of the time” were combined to indicate non-severe levels of depressed
mood. For the fatigue question (“During the past 4 weeks, have you had a lot of energy?”),
we combined the responses “none of the time” and “little of the time” to indicate non-severe
levels of fatigue and the responses “most of the time,” “all of the time,” “some of the time,”
and “good bit of the time” to indicate severe levels of fatigue.

Bivariate Analysis—We assessed the association between the non-genetic variables (age,
sex, comorbid conditions, and stage of disease) and the variables pain, fatigue, and
depressed mood using Chi-square statistics. The extent of correlation between pain,
depressed mood, and fatigue was assessed using Pearson correlation coefficients.

Tree-Based Multivariate Analysis—Because the symptoms of pain, fatigue, and
depressed mood are highly correlated with each other, we used a generalized classification
tree model (29) to analyze the association between the multiple outcomes (pain, fatigue,
depressed mood) and the non-genetic (age, sex, co-morbid conditions, stage of disease) and
genetic variables (59 SNPs in 37 inflammation genes) (Fig. 1).

Briefly, a tree-based model is a stepwise, nonparametric procedure that uses exhaustive
search and sort technique to classify subjects into several homogeneous subgroups and
produce a tree-structured output (30). Therefore, the classification of variables is assessed
relative to a split or cut-point. The single best predictor (the one whose optimal cut-point
maximizes the number of correct classifications) is selected as the starting variable at the top
of a hierarchical tree. Individuals with values less than the cut-point are moved to one
category (the first box), and those with values greater than the cut-point are moved into
second category (the second box) of the hierarchical tree. Cut-points are then assessed in a
step-wise manner for the remaining predictors. A classification tree is generated that grows
until maximal classification is achieved.

The classification/regression tree for a univariate discrete response was later extended (29)
to handle multiple correlated binary outcomes. With the new method, multiple binary
responses can be analyzed using generalized entropy criterion (homogeneity), which is the
maximum likelihood of the joint (i.e., multivariate) distribution of the multiple binary
responses (29, 31, 32). In building the tree (or as the tree grows) for multiple binary
responses, a parent node always splits into two child nodes, and the procedure is repeated for
each subsequent child node. Each node splits only on one covariate, and each splitting
produces mutually exclusive subgroups. For the analysis of our data, the initial tree had 14
nodes, and then a sequence of seven nested optimal subtrees was derived. We used a 10-fold
cross-validation and repeated 10 times to estimate the cost-complexity of the subtrees. We
found that the cost increases as the subtree becomes simpler. Therefore, we selected the
initially grown tree, which would be the optimal tree selected according to the data used.
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Calculation of Odds Ratio—Given the exploratory nature of tree-based models, we
calculated the odds ratios (ORs) and P-values for each split (including one parent and two
child nodes) in order to assess the risk associated with each variable. The ORs and P-values
were adjusted for the variables (genetic and non-genetic) significantly associated with the
outcome variables, respectively, in the corresponding subsets of individuals.

Results
Characteristics of the Study Sample

A total of 599 non-Hispanic white patients with previously untreated and histologically
confirmed NSCLC comprised our sample. Mean age was 61 years (SD=12). There was an
almost equal distribution of the sample between early-stage (stage I-IIIA; n=285) and
advanced-stage (stage IIIB-IV; n=287) disease. There were more men (n=316) than women
(n=283). A majority (69.7%) of the sample reported comorbid conditions, with hypertension
being the most prevalent (n=188). Table 1 shows the characteristics of the patient sample by
severe levels of pain (Panel A), fatigue (Panel B), and depressed mood (Panel C). In the
bivariate analyses, we found that severe pain varied by age (P<0.007) and stage of disease
(P<0.001) and severe fatigue only varied by stage of disease (P<0.01).

Pearson Correlation Analyses
We found significant correlations (all P<0.0001) between pain and depressed mood
(r=0.294), pain and fatigue (r=0.385) and depressed mood and fatigue (r=0.495). Thirty-
three percent (n=198) of the sample did not report any severe symptoms. The most prevalent
symptom was fatigue (n= 176; 29%), followed by pain (n=97; 16%) and depressed mood
(n=44; 7%). Two percent of the sample (n=14) reported all three symptoms of severe
intensity; 9% (n=54) reported severe pain and fatigue; 3% (n=16) reported severe fatigue
and depressed mood; 0.5% (n=3) reported pain and depressed mood. As many as 29%
(n=176) reported severe fatigue only, followed by pain only (n=26; 4%), and lastly,
depressed mood (n=11; 2%).

Tree-Based Analysis
We also classified subjects into several homogeneous subgroups using a tree-based analysis.
Figure 1 shows the final optimized tree structure. The number of subjects within each node
of the tree is given in parentheses. The splitting variables are given under the nodes. The
terminal nodes are represented by squares. The diagram under the tree structure shows the
percentages of the three symptoms (severe pain, severe fatigue, and severe depression, from
left to right) in the terminal nodes. The top and bottom bars in each diagram define the unit
of one. Table 2 reports the numbers of subjects with different symptoms in each node.

We observed that of the candidate variables (i.e., age, sex, stage of disease, comorbidity, and
the 59 genetic variants), the initial split was on the variable “stage of disease,” suggesting
that this is the most important factor for pain, depressed mood and fatigue. Described below
are the genetic and non-genetic markers by stage of disease.

Advanced Stage of Disease—Among those with advanced stage of disease (Stage IIIB
and IV), the genetic variant IL-8-T251A was the most strongly associated with pain, fatigue,
and depressed mood, indicating that there is a joint effect between IL-8-T251A and
advanced stage of lung cancer. Patients with IL-8-T251A T/T genotypes were less likely to
have severe pain (12.68% vs. 24.15%) or severe fatigue (36.62% vs. 52.66%) but more
likely to have severe depression (11.27% vs. 4.83%) relative to those with A/T and A/A
genotypes (Table 2). Further split was selected on the variable hypertension, among the
subset of individuals with advanced stage of lung cancer and genotype A/T or A/A for the
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genetic variant IL-8-T251A. However, we did not observe significant increase/decrease for
the risk of severe pain, fatigue and depression - according to the ORs and P-values.
Moreover, for the subgroup of patients with: 1) advanced stage of lung cancer; 2) genotype
A/T or A/A for genetic variant IL-8-T251A; and 3) without hypertension, another split was
selected on the genetic variable TNF-b Arg13Cys. But no significant increase/decrease for
any of the symptoms was observed.

Early Stage of Disease—Among patients with early-stage disease, the variables sex,
IL-1A C-889T in males, and IL-10RB Lys47Glu in females were factors that further selected
subsets in this study population. More women experienced severe pain than men (14.88%
vs. 6.94%). More women with the Lys_Lys genotype of IL-10RB Lys47Glu experienced
severe fatigue than women with Lys_Glu or Glu_Glu genotypes (45.65% vs. 28.95%). More
men with the C/C genotype of IL-1A C-889T experienced severe fatigue than men with C/T
or T/T genotypes (46.67% vs. 29.41%). This observation indicates that there is a joint effect
of sex and genetic polymorphisms on symptoms in patients with early-stage disease (Table
2).

Assessment of Risks
We report the corresponding ORs and P-values for each node in the tree model. Relative to
those with early-stage lung cancer, patients with advanced disease had a 2.18 times higher
risk of severe pain (P=0.0017; OR=2.18, 95% confidence interval [CI]=1.34, 3.55) and a
1.93 times higher risk of severe fatigue (P=0.0007; OR=1.93, 95% CI=1.32, 2.82). Among
those with advanced disease, patients with the IL-8-T251A A/T or A/A genotype had a 2.47
times higher risk of severe pain (P=0.0278; OR=2.47, 95% CI=1.10, 5.55) and a 2.07 times
higher risk of severe fatigue (P=0.0135; OR=2.07, 95% CI=1.16, 3.70) compared with those
with the T/T genotype. Interestingly, we observed that carriers of genotype A/T or A/A had
a 0.37 times lower risk of severe depression compared to those with genotype T/T (P=0.049;
OR=0.37, 95% CI=0.14, 1.00).

Among those with early-stage NSCLC, women had a 2.90 times higher risk of severe pain
(P=0.020; OR=2.90, 95% CI=1.18, 7.11). Furthermore, women with early-stage disease and
with genotype Lys_Glu or Glu_Glu in the IL-10 gene had a 0.49 times lower risk of severe
fatigue compared to those with genotype Lys_Lys (P=0.0275; OR=0.49, 95% CI=0.25,
0.92).

Among men with early-stage lung cancer, the split was selected on the genetic variable
IL-1A C-889T. A marginal significance was observed for the carriers of genotype C/T or T/
T, who had a 0.38 times lower risk of severe fatigue compared with those with genotype C/
C (P-=0.0654; OR=0.38, 95% CI=0.13, 1.06).

Discussion
In this study, we assessed the role of host genetic susceptibility for multiple symptoms by
applying a tree-based multivariate approach for exploring 59 variants in 37 inflammation
genes as potential biologic markers of risk for severe pain, depressed mood, and fatigue in
599 non-Hispanic white patients with NSCLC. We identified the associated risks from both
genetic and non-genetic factors and, in particular, found important associations between
severe symptoms and SNPs of IL-8. To our knowledge, this study is among the first to
simultaneously and systematically examine multiple genes in the inflammation pathway as
biomarkers of risk for the multiple symptom outcomes of pain, depressed mood, and fatigue
in lung cancer patients. Of the 59 SNPs assessed, the T251A polymorphism in IL-8 is most
significant among patients with advanced stage of disease, with the A/T or A/A genotype
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conferring about twice the risk of severe pain and severe fatigue compared with the T/T
genotype.

Among the important findings are the joint effects of IL-8 genotypes and advanced stage of
disease. Polymorphisms in the IL-8 gene result in variable IL-8 levels. The A-allele of the
-251T/A polymorphism, for example, results in higher production of IL-8 (33). IL-8 is a
chemokine and a major mediator of inflammatory response. Elevated IL-8 levels have been
observed among patients with chronic back pain (34, 35), fibromyalgia,(36) and chronic
fatigue syndrome (37). It is also hypothesized that IL-8 is directly involved in nociceptive
signal transduction (38). IL-8 also was shown to evoke dose-dependent hyperalgesia, which
could be blocked by anti-IL-8 serum (39).

Our study is among the first to show that IL-8-251T/A SNP is an important factor for fatigue
in lung cancer patients. Most studies of fatigue in cancer patients focus on only a few
cytokines--with studies showing significance for the IL-1 receptor antagonist (40) (IL-1RA),
TNF-α receptor II (41), and IL-6, failing to assess a more comprehensive number of genes.
Interestingly, IL-8 has been shown to induce the production of other cytokines, including
IL-6 and TNF-α (42). Consistent with our findings, the influence of IL-8 on fatigue also has
been shown in studies of chronic fatigue syndrome (CFS). Natelson and colleagues (37)
compared spinal fluid samples from patients who met the 1994 case definition for CFS and
from healthy controls. Of the 11 cytokines detectable in spinal fluid, they found that levels
of IL-8 were higher in patients with sudden, influenza-like onset of CFS than in patients
with gradual onset or in controls. They concluded that immune dysregulation within the
central nervous system may be involved in CFS.

Consistent with other studies, we found that sex was an important grouping among patients
with early-stage NSCLC and that variants in the IL-10 receptor were relevant for severe
symptoms among women. Located in chromosome 1, IL-10 is known as the human cytokine
synthesis inhibitory factor. IL-10 has been shown to suppress the production and function of
all pro-inflammatory cytokines (43), and ongoing investigations focus on IL-10’s potential
use for pain therapy. IL-10 activity is mediated by its specific cell surface receptor complex,
which is expressed on a variety of cells. The IL-10 receptor complex consists of at least two
separate receptor chains, a ligand-binding IL-10R_ chain (44) and an IL-10 chain (45),
which are essential for signal transduction. Polymorphisms in genes encoding the IL-10
receptor could interrupt IL-10-mediated immune regulation. IL-10RB rs2834167 codes for a
nonsynonymous substitution and is considered to be functional. Associations between this
IL-10RB polymorphism and several diseases have been reported (46-48). Our findings
provide preliminary evidence of the important role of IL-10 for severe fatigue, particularly
in women.

We also observed the potential significance of IL-1, a pro-inflammatory cytokine,
particularly among men. Studies have shown the role of IL-1 in pain response and
postoperative morphine consumption (49, 50), depression (51), and fatigue (52). The IL-1
family contains two agonists (IL-1α and IL-1β), an inhibitor (IL-1 receptor antagonist
[IL-1RA]), and two receptors (biologically active IL-1R and inactive type II IL-1R). IL-1
coordinates systemic host defense responses to injury and within the central nervous system
(53). Both IL-1α and IL-1β induce the expression of other pro-inflammatory genes. IL-1
leads to the expression of cyclooxygenase-2 (Cox-2) and inducible nitric oxide syntheses
(iNOS). Cox-2 (54, 55) and NOS (56-66) inhibitors are therapeutic targets for pain,
depression, and fatigue.

This paper is one of the first to apply the generalized classification tree approach to genetic
and epidemiologic data to better understand symptoms in cancer patients. This tree-based
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approach allows for the analysis of multiple correlated outcomes (e.g., pain, fatigue, and
depressed mood) simultaneously. Thus, the correlation of these symptoms could be
incorporated into the model by defining the joint probability distribution. Compared with
multiple univariate regressions (which analyze one symptom at a time), this approach would
be more informative to identify the common genetic mechanism underlying correlated
symptoms of pain, depressed mood, and fatigue.

Although, in general, tree-based approaches are subject to over-fitting (increase in number
of models but with no significant improvement in model accuracy) (67, 68), among the
strengths of our current approach is that it does not require a minimum sample size for the
number of variables analyzed in the model (69). Furthermore, after the initial tree was
grown, we used the two-step approach, evaluating the cost-complexity of a nested sequence
of subtrees and performing cross-validation to select an optimal subtree (69) to avoid over-
fitting. We also used a nonparametric multivariate approach. Compared to parametric
approaches, nonparametric approaches do not assume a specific distribution for the outcome
variables (70) and can be more suitable to deal with a relatively large number of variables in
the study (69).

There are limitations to this study. One could argue that although clinical practice guidelines
suggest the use of a one-item score to initiate clinical intervention (26), using a single item
to measure symptoms is inadequate in assessing pain, depressed mood and fatigue.
However, studies have found that single-item questions correlate well with multi-item
symptom assessment tools (71-74). We also acknowledge that although we assessed several
SNPs in several genes, there is more genetic variation for each gene, and inclusion of
multiple SNPs per gene would have allowed examination of haplotypes, which may have
yielded different outcomes. Furthermore, the tested SNP may not necessarily be the
functional SNP, but may be in linkage disequilibrium with the true functional SNP. It also is
known that there is considerable interaction between cytokines that initiate gene activation
and suppression, and thus, more genes with functional significance should be assessed. It
also could be argued that dichotomization of symptom data may have led to losing
considerable data variability. However, clinical studies (23) have adapted this approach to
simplify the analysis and for better interpretation of the results (24, 25). In some situations,
the dichotomization of data even results in higher power for statistical analysis (23, 75, 76) .

In conclusion, the occurrence of severe symptoms is a significant concern for lung cancer
patients. Using novel statistical methodologies, we have shown, in a preliminary fashion,
that inflammation, particularly from IL-8 and IL-10, may be a common biological
mechanism that underlies the occurrence of pain, depressed mood and fatigue and that these
genes may serve as potential targets for treating multiple symptoms of cancer. In addition,
future studies that dissect the independent contributions of the disease evolution and host
factors involved in symptom outcomes will have high clinical significance. In the future, we
anticipate that genetic profiling could become an integral component of an individualized
treatment program for symptoms in patients with lung cancer.
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Figure 1.
Classification and Regression Tree Analyses for Pain, Depressed Mood, and Fatigue
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