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n increasingly recognized patient-reported
outcome in oncology is quality of life (QOL)
(Trask, Hsu, & McQuellon, 2009). A sub-
stantial proportion of the interindividual
variability in QOL in patients with cancer
(Montazeri, 2008; Singh, Trabulsi, & Gomella, 2010)
and their family caregivers (FCs) (Kim & Given, 2008;
Kitrungrote & Cohen, 2006) is not explained by de-
mographic characteristics (Bloom, Stewart, Chang, &
Banks, 2004; Lam, Ye, & Fielding, 2012), disease severity
(Mehnert, Lehmann, Graefen, Huland, & Koch, 2010;
Paika et al., 2010; Zenger et al., 2010), or treatment bur-
den (Deshields, Potter, Olsen, Liu, & Dye, 2011; Reeve et
al., 2012). Several lines of evidence suggest that genetic
factors may account for some of the interindividual dif-
ferences in QOL (Nes, Roysamb, Tambs, Harris, &
Reichborn-Kjennerud, 2006; Romeis et al., 2000, 2005).

Findings from twin studies (Nes et al., 2006; Romeis
et al., 2000, 2005) suggested that genetic predisposi-
tion influences QOL. In these twin studies, heritabil-
ity accounted for 11%-35% of the variance in QOL.
For example, in one study that measured QOL using
the SF-36° (Romeis et al., 2005), additive genetic fac-
tors accounted for 17%-33% of the variance in each
of the SF-36 subscales. However, the specific genetic
variations associated with interindividual differences
in QOL remain unknown. Given these initial findings,
experts in the fields of QOL and genomics established
an international Consortium for Genetics and Quality
of Life Research and called for studies to identify the
molecular mechanisms that underlie interindividual
differences and changes in QOL (Sprangers et al.,
2009). Given the potentially large number of genes
that could be involved in QOL, the consortium encour-
aged a focused approach to the investigation of genetic
variations in biologic pathways (e.g., candidate gene
studies).

Although research on the relationships between
genetics and QOL is in its infancy, a substantial
amount of evidence suggests that genetic variations in

Purpose/Objectives: To identify latent classes of individu-
als with distinct quality-of-life (QOL) trajectories, to evalu-
ate for differences in demographic characteristics between
the latent classes, and to evaluate for variations in pro- and
anti-inflammatory cytokine genes between the latent classes.

Design: Descriptive, longitudinal study.

Setting: Two radiation therapy departments located in
a comprehensive cancer center and a community-based
oncology program in northern California.

Sample: 168 outpatients with prostate, breast, brain, or
lung cancer and 85 of their family caregivers (FCs).

Methods: Growth mixture modeling (GMM) was employed
to identify latent classes of individuals based on QOL scores
measured prior to, during, and for four months following
completion of radiation therapy. Single nucleotide polymor-
phisms (SNPs) and haplotypes in 16 candidate cytokine genes
were tested between the latent classes. Logistic regression was
used to evaluate the relationships among genotypic and phe-
notypic characteristics and QOL GMM group membership.

Main Research Variables: QOL latent class membership
and variations in cytokine genes.

Findings: Two latent QOL classes were found: higher and
lower. Patients and FCs who were younger, identified with
an ethnic minority group, had poorer functional status, or
had children living at home were more likely to belong to the
lower QOL class. After controlling for significant covariates,
between-group differences were found in SNPs in interleukin
1 receptor 2 (ILTR2) and nuclear factor kappa beta 2 (NFKB2).
For ILTR2, carrying one or two doses of the rare C allele was
associated with decreased odds of belonging to the lower
QOL class. For NFKB2, carriers with two doses of the rare
G allele were more likely to belong to the lower QOL class.

Conclusions: Unique genetic markers in cytokine genes
may partially explain interindividual variability in QOL.

Implications for Nursing: Determination of high-risk
characteristics and unique genetic markers would allow
for earlier identification of patients with cancer and FCs at
higher risk for poorer QOL. Knowledge of these risk factors
could assist in the development of more targeted clinical or
supportive care interventions for those identified.
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cytokine-signaling pathways influence the occurrence
and severity of common symptoms (e.g., pain, fatigue,
sleep disturbance, depression) in patients with cancer
(Alfaro et al., 2014; Aouizerat et al., 2009; Dunn, Aouiz-
erat, et al., 2013; Illi et al., 2012; Miaskowski et al., 2010,
2012; Reyes-Gibby et al., 2007, 2008, 2013; Reyes-Gibby,
Shete, et al., 2009; Reyes-Gibby, Spitz, et al., 2009) and
their FCs who often report multiple comorbid condi-
tions (Aouizerat et al., 2009; Dunn, Aouizerat, et al.,
2013; I1li et al., 2012; Miaskowski et al., 2010, 2012).
Given that these symptoms are consistently associated
with decrements in QOL (Desai, Kim, Fall, & Wang,
2007; Dodd et al., 2011; Dodd, Miaskowski, & Paul,
2001; Esther Kim, Dodd, Aouizerat, Jahan, & Mias-
kowski, 2009; Fletcher et al., 2008; Granda-Cameron,
Viola, Lynch, & Polomano, 2008; Gwede, Small, Mun-
ster, Andrykowski, & Jacobsen, 2008) and are a major
dimension of QOL instruments, variations in cytokine
genes may account for some of the interindividual vari-
ability in individual’s ratings of overall QOL.

To date, only two articles from the same sample of
lung cancer survivors reported on the relationships be-
tween cytokine genetic variations and QOL (Rausch et
al., 2010, 2012). The findings from those articles suggest
that single nucleotide polymorphisms (SNPs) in inter-
leukin (IL) 10 and prostaglandin-endoperoxidase synthase 2
(PTSG) were associated with a number of QOL outcomes
evaluated using the SF-36. Although genetic associa-
tions were evaluated in individuals who were at various
stages of survivorship (i.e., fewer than three years, three
to five years, and more than five years since diagnosis),
the study’s cross-sectional design does not allow for
an evaluation of associations between candidate genes
and distinct QOL trajectories that persist over time (i.e.,
subgroups of individuals who report consistently low
versus high QOL scores (Dunn, Aouizerat, et al., 2013;
Helgeson, Snyder, & Seltman, 2004; Lam et al., 2012).
Therefore, additional research is warranted to explore
the relationships between QOL and cytokine genes in
patients with cancer and their FCs during and following
cancer treatment.

From an examination of the QOL literature of patients
with cancer and their FCs, a substantial amount of varia-
tion seems to exist in how QOL was defined and mea-
sured, as well as in sample characteristics, time points for
assessment, and attrition across studies. In addition, the
methods used to evaluate QOL scores are highly variable.
More specifically, in most cross-sectional and longitudi-
nal studies, average QOL scores were reported. By aver-
aging QOL scores for a particular sample, interindividual
variability in participants’ QOL scores, as well as changes
in individuals” QOL scores over time, are not identified.

Given the limitations associated with any evaluation
of mean QOL scores, other studies used the statistical
approach of growth mixture modeling (GMM) (Muthen

& Muthen, 2000) to identify subgroups of individuals
with similar QOL trajectories. To date, only three stud-
ies were identified that used latent class analyses to
identify subgroups of patients with cancer with distinct
QOL trajectories (Dunn, Ng, et al., 2013; Helgeson et
al., 2004; Lam et al., 2012). In the first study that evalu-
ated changes in QOL in women who received adjuvant
chemotherapy for breast cancer (Helgeson et al., 2004),
four distinct latent classes were identified for the physi-
cal and mental component summary (PCS and MCS)
scores on the SF-36. The largest latent class reported
relatively high levels of mental and physical health
(43% and 55%, respectively) that increased slightly
over time. In contrast, the other three classes with lower
PCS and MCS scores were characterized as having
trajectories that either remained stable, improved, or
deteriorated over time.

In the second study, GMM was used to identify latent
classes of patients based on the four QOL domains from
the Functional Assessment of Cancer Therapy-General
(FACT-G) scale (Lam et al., 2012). Patients with naso-
pharyngeal cancer were assessed prior to and at four
and eight months following radiation therapy (RT).
About 55%-85% of these patients were classified as
reporting consistently high scores in all four QOL do-
mains. However, 25%—-45% of patients were classified
as reporting lower QOL scores that either remained
stable or fluctuated over time. In a more recent study
of patients with colorectal cancer, four distinct QOL
trajectories (measured by the Functional Assessment
of Cancer Therapy-Colorectal [FACT-C]) were identi-
fied using GMM (Dunn, Ng, et al., 2013). Patients were
assessed at multiple time points 5-60 months postdiag-
nosis. Consistent with previous reports (Helgeson et al.,
2004; Lam et al., 2012), two of the latent classes reported
either consistently high (26%) or moderate QOL (47%)
scores. The third class (7%) reported moderate QOL
scores at the time of enrollment that decreased over
time. The fourth latent class (19%) was characterized
as having consistently low QOL scores.

Each of these GMM studies had relatively large
samples, considered a variety of predictors in the analy-
ses, and used standard QOL instruments (e.g., SF-36,
FACT-G, FACT-C) (Dunn, Ng, et al., 2013; Helgeson et
al., 2004; Lam et al., 2012). Of note, a number of demo-
graphic, clinical, and psychosocial adjustment charac-
teristics were associated with membership in the lower
QOL latent class in all of these studies. For example, in
patients with breast cancer, fewer personal and social
resources were associated with lower mental health
trajectories (Helgeson et al., 2004). In addition, patients
who were older and had fewer personal resources had
worse physical health trajectories. In patients with
nasopharyngeal cancer (Lam et al., 2012), older age,
female gender, lower income, lower levels of optimism,
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higher pain, less satisfaction with medical informa-
tion, and less eating enjoyment were associated with
membership in the lower QOL latent class. In patients
with colorectal cancer (Dunn, Ng, et al., 2013), being
younger and female and having less social support, more
advanced disease, negative cognitive appraisal, and
lower levels of optimism were associated with member-
ship in the lower QOL latent class.

Although these three studies demonstrate that GMM
can be used to identify subgroups of patients with
cancer with distinct QOL trajectories (Dunn, Ng, et al.,
2013; Helgeson et al., 2004; Lam et al., 2012) and one
study identified a relationship between cytokine genes
and QOL scores (Rausch et al., 2010, 2012), no study has
evaluated for associations between subgroups of indi-
viduals with distinct QOL trajectories and variations in
cytokine candidate genes. Therefore, the purpose of this
study was to identify distinct QOL trajectories among
patients who underwent RT and their FCs from prior
to through four months after the completion of RT. In
addition, differences in phenotypic characteristics and
polymorphisms in pro- and anti-inflammatory cytokine
genes between the latent classes were evaluated.

Methods
Participants and Settings

A detailed description of the methods used in this
descriptive, longitudinal study that examined mul-
tiple symptoms in patients who underwent primary
or adjuvant RT and in their FCs is published elsewhere
(Aouizerat et al., 2009; Carney et al., 2011; Dhruva et al.,
2012, 2013; Dunn, Aouizerat, et al., 2013; Miaskowski
et al., 2010, 2011). Patients and their FCs were recruited
from two RT departments located in a comprehensive
cancer center and a community-based oncology pro-
gram in northern California. Patients who met the fol-
lowing inclusion criteria were invited to participate in
the study: aged older than 18 years; have a Karnofsky
Performance Status (KPS) score of 60 or higher; sched-
uled to receive primary or adjuvant RT for one of four
cancer diagnoses (prostate, breast, brain, or lung); able to
read, write, and understand English; and able to provide
written informed consent. Exclusion criteria included
more than one cancer diagnosis, presence of metastatic
disease, or a diagnosed sleep disorder. FCs were invited
to participate if they were living with the patient; were
aged older than 18 years; had a KPS score of 60 or higher;
were able to read, write, and understand English; gave
written informed consent; and did not have a diagnosed
sleep disorder.

Instruments

The demographic questionnaire obtained informa-
tion on gender, age, education, employment status,

marital status, ethnicity, and the presence of a number
of comorbid conditions. Functional status was evaluat-
ed using the KPS score (Karnofsky, Abelmann, Craver,
& Burchenal, 1948). Disease and treatment information
were abstracted from patients’ medical records.

QOL was measured using the QOL Scale-Patient
Version (QOL-PV) and the QOL Scale-Family Version
(QOL-FV) (Padilla et al., 1983; Padilla, Ferrell, Grant,
& Rhiner, 1990). The QOL-PV is a 41-item instrument
that measures four dimensions of QOL (i.e., physi-
cal, psychological, social, and spiritual well-being) in
patients with cancer, in addition to a total QOL score.
Each item is rated on a 0-10 numeric rating scale, with
higher scores indicating a better QOL. The QOL-PV
has established validity and reliability (Ferrell, 1995;
Ferrell, Dow, & Grant, 1995; Padilla et al., 1983, 1990). In
the current study, the Cronbach alpha for the QOL-PV
total score was 0.94.

The QOL-FV is a 37-item instrument that measures
the QOL of FCs on four dimensions (i.e., physical, psy-
chological, social, and spiritual well-being). Each item is
rated on a 0-10 numeric rating scale with higher scores
indicating a better QOL. The QOL-FV has established
validity and reliability (Ferrell, 1995; Ferrell, Dow,
Leigh, Ly, & Gulasekaram, 1995). In the current study,
the Cronbach alpha for the QOL-FV was 0.95. The total
QOL score, which is a mean of the 41 and 37 items that
ranges from 0-10, was used in subsequent analyses in
the current study.

Procedures

The study was approved by the Committee on Hu-
man Research at the University of California, San
Francisco, and at the second site. Patients were invited
to participate in the study about one week prior to
the start of RT. A research nurse explained the study
protocol to the patient and FC, assessed eligibility, and
obtained written informed consent. If the FC was not
present, he or she was contacted by telephone to assess
participation interest and completed the enrollment
procedures at home.

At enrollment, participants (patients and FCs) com-
pleted the self-report questionnaires, and blood speci-
mens were obtained for genetic analyses. Participants
completed the QOL questionnaire one month after the
initiation of RT, at the end of RT, and monthly after the
completion of RT for four months (seven assessments
over six months). Disease and treatment information
were abstracted from patients’ medical records.

Analysis of Clinical Data

Data were analyzed using SPSS®, version 21, and Mplus,
version 6.11. Descriptive statistics and frequency distri-
butions were generated on the sample characteristics.
Independent sample t-tests and chi-square analyses were
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conducted to evaluate for differences in phenotypic and
genotypic characteristics between the QOL latent classes.

GMM with robust maximum likelihood estimation was
employed to identify subgroups of participants (i.e., la-
tent classes) with distinct QOL trajectories (i.e., total QOL
scores) during the study’s six-month time period (Mu-
then & Kaplan, 2004). Because 65% of the participants
were in patient and FC dyads, models were estimated
with dyad status as a clustering variable to account for
any dependency between the QOL scores for the patient
and FC dyad. The GMM methods are described in detail
elsewhere (Dunn, Aouizerat, et al., 2013). First, a single
growth curve representing the average change trajectory
was estimated in the entire sample. Subsequently, the
number of latent classes that best fit the data was deter-
mined using established guidelines (Jung & Wickrama,
2008; Nylund, Asparouhov, & Muthen, 2007; Tofighi &
Enders, 2008).

Adjustments were not made for missing data, so the
sample size for each analysis was dependent on the
largest set of available data. Differences among clinical
and demographic characteristics and genetic factors
between the latent classes were considered statistically
significant at p < 0.05.

Analysis of Genomic Data

Gene selection: Cytokines, their receptors, and select
transcription factors are proteins that mediate inflamma-
tion. These proteins can be grouped into pro- and anti-
inflammatory cytokines. Pro-inflammatory cytokines
induce systemic inflammation and include interferon
gamma (IFNG) 1, IFNG receptor 1 (IFNGR1), IL1, IL1 re-
ceptor 1 (IL1R1), IL2, IL8, IL17 A, nuclear factor kappa beta
(NFKB1), NFKB2, and tumor necrosis factor alpha (TNFA).
Anti-inflammatory cytokines counteract the actions of
pro-inflammatory cytokines and include IL1R2, IL4,
IL10, and IL13. A subset of these candidate genes (i.e.,
INFG1, IL1B, IL6) possess pro- and anti-inflammatory
activities (Seruga, Zhang, Bernstein, & Tannock, 2008).

Blood collection and genotyping: Genomic deoxyribo-
nucleic acid (gDNA) was isolated from buffy coats using
the PUREGene DNA Isolation System. Of the 287 partici-
pants recruited, DNA was successfully recovered from
253 archived bulffy coats (i.e., 168 patients and 85 FCs).

Genotyping was performed blinded to latent class
membership, and positive and negative controls were
included. DNA samples were quantitated by spectro-
photometry (Nanodrop Spectrophotometer, ND-1000)
and normalized to 50 ng/mcl in 10 mm Tris/1 mm
ethylenediaminetetraacetic acid. Genotypes were
measured using the GoldenGate assay platform and
processed using GenomeStudio.

Single nucleotide polymorphism selection: Tagging
and literature-driven SNPs were identified for analysis.
The criteria for selection of tagging SNPs included being

common (i.e., minor allele frequency of 0.05 or greater)
and captured unmeasured SNPs with linkage disequi-
librium (LD) of greater than 0.85 in public databases.
To ensure robust genetic association analyses, quality-
control filtering of measured SNPs was performed (i.e.,
SNPs with call rates of less than 95% or Hardy-Weinberg
p < 0.001 were excluded from downstream analysis).
A total of 92 SNPs among the 15 candidate genes were
retained for genetic association analysis after quality-
control filtering was completed (see Table 1). Putative
functional roles for SNPs associated with QOL latent
class membership were evaluated with PUPASuite 2.0.

Statistical analyses: Allele and genotype frequencies
were determined by gene counting. Hardy-Weinberg
equilibrium was assessed by the chi-square or Fisher’s
exact test. Measures of LD (i.e., D’ and r2) were com-
puted from the participants” genotypes with Haploview
4.2. LD-based haplotype block definition was based on
D’ confidence interval (Gabriel et al., 2002).

SNPs belonging to the same haploblock were used
to infer haplotypes in said haploblock in an attempt to
better localize the association signal within a given gene
region and to ascertain whether a haplotype improved
the magnitude of the estimate of association with latent
class membership. Haplotypes were inferred using
PHASE, version 2.1.

Ancestry informative markers (AIMs) were used to
minimize confounding from population stratification
(Halder, Shriver, Thomas, Fernandez, & Frudakis, 2008;
Hoggart et al., 2003; Tian, Gregersen, & Seldin, 2008).
Population stratification from cryptic relatedness (e.g.,
race, ethnicity) among participants was evaluated using
principal component analysis (Price et al., 2006) with
Helix Tree. Principal components were estimated from
106 AIMs. The first three principal components, which
were included as a block of three covariates in all logistic
regression models, were deemed sufficient to adjust for
potential confounding as a result of population stratifica-
tion from race and ethnicity.

For association tests, additive, dominant, and reces-
sive genetic models were evaluated for each SNP. Bar-
ring trivial improvements (i.e., defined as a delta of less
than 10%), the model that maximized the significance of
the p value of the bivariate genetic association test was
employed for all subsequent logistic regression analyses
of each SNP.

Multiple logistic regression, which included signifi-
cant covariates identified in the bivariate analyses and
which force included both genomic estimates of and
self-reported race and ethnicity, was employed to es-
timate the relationship between each SNP/haplotype
and QOL latent class membership. To arrive at the
most parsimonious model, a backward-stepwise ap-
proach was employed. With the exception of genomic
estimates of and self-reported race and ethnicity, only
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Table 1. Single Nucleotide Polymorphisms Analyzed for Pro- and Anti-Inflammatory Cytokine Genes

and the Growth Mixture Model Analysis for Total Quality-of-Life Score

Gene SNP Position Chromosome MAF Alleles  Chi-Square p Model
IFNG1 rs2069728 66834051 12 0.079 G>A 2.965 0.227 A
IFNG1 rs2069727 66834490 12 0.411 A>G 2.271 0.321 A
IFNG1 rs2069718 66836429 12 0.442 C>T 0.095 0.954 A
IFNG1 rs1861493 66837463 12 0.264 A>G 0.346 0.841 A
IFNG1 rs1861494 66837676 12 0.279 >C 0.069 0.966 A
IFNG1 rs2069709 66839970 12 0.008° G>T NA NA NA
IFNG1 HapA3 - 12 - - 0.346 0.841 -
IFNG1 HapA5 - 12 - - 2.271 0.321 -
IFNGR1 rs9376268 137574444 6 0.246 G>A 4.839 0.089 A
IL1B rs1071676 106042060 2 0.198 G>C 2.848 0.241 A
IL1B rs1143643 106042929 2 0.331 G>A 0.004 0.998 A
IL1B rs1143642 106043180 2 0.095 C>T 1.851 0.396 A
IL1B rs1143634 106045017 2 0.196 C>T 3.431 0.18 A
IL1B rs1143633 106045094 2 0.345 G>A 0.069 0.966 A
IL1B rs1143630 106046282 2 0.103 C>A 0.158 0.924 A
IL1B rs3917356 106046990 2 0.432 G>A 0.079 0.961 A
IL1B rs1143629 106048145 2 0.353 >C 1.084 0.581 A
IL1B rs1143627 106049014 2 0.39 >C 0.042 0.979 A
IL1B rs16944 106049494 2 0.38 G>A 0.264 0.876 A
IL1B rs1143623 106050452 2 0.248 G>C 0.107 0.948 A
IL1B rs13032029 106055022 2 0.428 C>T 0.114 0.945 A
IL1B HapA1 - - - - 0.637 0.727 -
IL1B HapA3 - - - - FE 0.737 -
IL1B HapA4 - - - - 0.005 0.997 -
IL1B HapA5 - - - - 3.164 0.206 -
IL1B HapB1 - - - - 1.001 0.606 -
IL1B HapB7 - - - - 0.065 0.968 -
IL1B HapB9 - - - - 0.073 0.964 -
IL1B HapB11 - - - - 0.126 0.939 -
ILTRT rs949963 96533648 2 0.213 G>A 1.255 0.534 A
ILTRT rs2228139 96545511 2 0.066 C>G 0.451 0.798 A
ILTRT rs3917320 96556738 2 0.068 A>C FE 0.441 A
ILTRT rs2110726 96558145 2 0.333 C>T 3.36 0.186 A
ILTRT rs3917332 96560387 2 0.124 A>T 0.374 0.83 A
ILTR2 rs4141134 96370336 2 0.401 >C FE 0.003 D
ILTR2 rs11674595 96374804 2 0.233 >C 0.197 0.906 A
ILTR2 rs7570441 96380807 2 0.393 G>A 3.163 0.206 A
ILTR2 HapA1 - - - - 5.701 0.058 -
ILTR2 HapA2 - - - - 6.231 0.044 -
ILTR2 HapA4 - - - - 9.541 0.008 -
IL2 rs1479923 119096993 4 0.302 C>T 0.591 0.744 A
IL2 rs2069776 119098582 4 0.244 T>C 3.1 0.212 A
IL2 rs2069772 119099739 4 0.238 A>G 0.913 0.634 A
IL2 rs2069777 119103043 4 0.054 C>T FE 0.672 A
IL2 rs2069763 119104088 4 0.287 >G 0.825 0.662 A
IL2 HapAT - - - - 0.491 0.782 -
IL2 HapA2 - - - - 0.764 0.683 -
L2 HapA3 - - - - 2.679 0.262 -
L2 HapA5 - - - - 0.591 0.744 -
IL4 rs2243248 127200946 5 0.101 =G 3.84 0.147 A
IL4 rs2243250° 127201455 5 0.26 C>T NA NA NA
IL4 rs2070874 127202011 5 0.219 C>T 1.042 0.594 A
IL4 rs2227284 127205027 5 0.399 C>A 0.107 0.948 A
IL4 rs2227282 127205481 5 0.401 C>G 0.049 0.976 A
IL4 rs2243263 127205601 5 0.124 C>G FE 0.541 A

(Continued on the next page)

A—additive; D—dominant; FE—Fisher’s exact test; Hap—haplotype; IFNG—interferon gamma; IFNGR—interferon gamma receptor;
IL—interleukin; NA—not applicable; NFKB—nuclear factor kappa beta; R—recessive model; TNFA—tumor necrosis factor alpha

2Single nucleotide polymorphisms (SNPs) excluded from association analyses because of violation of minor allele frequency (MAF) criterion (MAF <

0.05)

SNPs excluded from association analyses because of violation of Hardy-Weinberg expectations (p < 0.001)
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Table 1. Single Nucleotide Polymorphisms Analyzed for Pro- and Anti-Inflammatory Cytokine Genes
and the Growth Mixture Model Analysis for Total Quality-of-Life Score (Continued)

Gene SNP Position Chromosome MAF Alleles  Chi-Square p Model
L4 rs2243266 127206091 5 0.203 G>A 1.561 0.458 A
L4 rs2243267 127206188 5 0.205 G>C 1.359 0.507 A
L4 rs2243274 127207134 5 0.262 G>A 0.603 0.74 A
L4 HapAT - - - - 0.119 0.942 -
L4 HapA10 - - - - 1.418 0.492 -
IL6 rs4719714 22643793 7 0.196 A>T 1.152 0.562 A
IL6 rs2069827 22648536 7 0.071 G>T FE 0.035 D
IL6 rs1800796° 22649326 7 0.095 G>C NA NA NA
IL6 rs1800795 22649725 7 0.355 C>G FE 0.044 D
IL6 rs2069835 22650951 7 0.066 T>C FE 0.845 A
IL6 rs2066992° 22651329 7 0.091 G>T NA NA NA
IL6 rs2069840 22651652 7 0.308 C>G 1113 0.573 A
IL6 rs1554606 22651787 7 0.405 G>T FE 0.006 D
IL6 rs2069845 22653229 7 0.405 A>G FE 0.006 D
IL6 rs2069849 22654236 7 0.039° C>T NA NA NA
IL6 rs2069861 22654734 7 0.083 C>T FE 0.38 A
IL6 rs35610689 22656903 7 0.242 A>G 1.26 0.533 A
IL6 HapA4 - - - - 1.022 0.6 -
IL6 HapA6 - - - - 4.868 0.088 -
IL8 rs4073 70417508 4 0.498 T>A 2.515 0.284 A
IL8 rs2227306 70418539 4 0.366 C>T 0.747 0.688 A
IL8 rs2227543 70419394 4 0.374 C>T 1.674 0.433 A
IL8 HapAT - - - - 0.756 0.685 -
IL8 HapA3 - - - - 0.747 0.688 -
IL8 HapA4 - - - - 2.515 0.284 -
ILT0 rs3024505 177638230 1 0.138 C>T 0.6711 0.737 A
ILT0 rs3024498 177639855 1 0.236 A>G 2.217 0.33 A
ILT0 rs3024496 177640190 1 0.459 T>C 0.211 0.9 A
ILT0 rs1878672 177642039 1 0.452 G>C 0.577 0.749 A
ILT0 rs3024492 177642438 1 0.207 T>A 3.25 0.197 A
ILT0 rs1518111 177642971 1 0.267 G>A 1.892 0.388 A
ILT0 rs1518110 177643187 1 0.267 G>T 1.892 0.388 A
ILT0 rs3024491 177643372 1 0.448 G>T 0.339 0.844 A
ILT0 HapA5 - - - - 2.139 0.343 -
ILT0 HapA6 - - - - 1.805 0.405 -
ILT0 HapA8 - - - - 3.206 0.201

ILT0 HapA9 - - - - 0.623 0.732 -
IL13 rs1881457 127184713 5 0.192 A>C 0.579 0.748 A
IL13 rs1800925 127185113 5 0.227 C>T 1.447 0.485 A
IL13 rs2069743 127185579 5 0.021° A>G NA NA NA
IL13 rs1295686 127188147 5 0.252 G>A 2.158 0.34 A
IL13 rs20541 127188268 5 0.174 C>T 1.195 0.55 A
IL13 HapA1l - - - 2.556 0.279 -
IL13 HapA4 - - - - 0.714 0.7 -
ILT7A rs4711998 51881422 6 0.293 G>A 0.615 0.735 A
IL17A rs8193036 51881562 6 0.255 T>C 0.087 0.957 A
ILT7A rs3819024 51881855 6 0.374 A>G 1.275 0.529 A
ILT7A rs2275913 51882102 6 0.345 G>A 0.62 0.734 A
ILT7A rs3804513 51884266 6 0.027° A>T NA NA NA
ILT7A rs7747909 51885318 6 0.225 G>A 1.812 0.404 A
NFKB1 rs3774933 103645369 4 0.444 T>C 0.427 0.808 A
NFKB1 rs170731 103667933 4 0.397 A>T 0.727 0.695 A
NFKB1 rs17032779 103685279 4 0.023* T>C NA NA NA
NFKB1 rs230510 103695201 4 0.366 T>A 1.233 0.54 A
NFKB1 rs230494 103706005 4 0.477 A>G 0.422 0.81 A

(Continued on the next page)

A—additive; D—dominant; FE—Fisher’s exact test; Hap—haplotype; IFNG—interferon gamma; IFNGR—interferon gamma receptor;
IL—interleukin; NA—not applicable; NFKB—nuclear factor kappa beta; R—recessive model; TNFA—tumor necrosis factor alpha

aSingle nucleotide polymorphisms (SNPs) excluded from association analyses because of violation of minor allele frequency (MAF) criterion (MAF <
0.05)

®SNPs excluded from association analyses because of violation of Hardy-Weinberg expectations (p < 0.001)
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Table 1. Single Nucleotide Polymorphisms Analyzed for Pro- and Anti-Inflammatory Cytokine Genes
and the Growth Mixture Model Analysis for Total Quality-of-Life Score (Continued)

Gene SNP Position Chromosome MAF Alleles  Chi-Square P Model
NFKB1 rs4648016 103708706 4 0.017¢ C>T NA NA NA
NFKB1 rs4648018 103709236 4 0.025° GC>C NA NA NA
NFKB1 rs3774956 103727564 4 0.479 C>T 0.62 0.733 A
NFKB1 rs10489114 103730426 4 0.025° A>G NA NA NA
NFKB1 rs4648068 103737343 4 0.366 A>G 1.233 0.54 A
NFKB1 rs4648095 103746914 4 0.052 >C FE 0.831 A
NFKB1 rs4648110 103752867 4 0.205 T>A 0.861 0.65 A
NFKB1 rs4648135 103755716 4 0.06 A>G FE 1 A
NFKB1 rs4648141 103755947 4 0.188 G>A 3.332 0.184 A
NFKB1 rs1609798 103756488 4 0.337 C>T 1.015 0.602 A
NFKB1 HapA1l - - - - 1.347 0.51 -
NFKB1 HapA9 - - - - 0.788 0.674 -
NFKB2 rs12772374 104146901 10 0.157 A>G FE 0.031 R
NFKB2 rs7897947 104147701 10 0.229 =G 3.08 0.214 A
NFKB2 rs11574849 104149686 10 0.085 G>A 2.39 0.303 A
NFKB2 rs1056890 104152760 10 0.317 C>T 0.046 0.977 A
TNFA rs2857602 31533378 6 0.36 >C 4.167 0.125 A
TNFA rs1800683 31540071 6 0.388 G>A 0.467 0.792 A
TNFA rs2239704 31540141 6 0.37 G>T 4.152 0.125 A
TNFA rs2229094 31540556 6 0.256 >C 1.492 0.474 A
TNFA rs1041981 31540784 6 0.388 C>A 0.467 0.792 A
TNFA rs1799964 31542308 6 0.202 T>C 0.249 0.883 A
TNFA rs1800750 31542963 6 0.019° G>A NA NA NA
TNFA rs1800629 31543031 6 0.157 G>A 1.738 0.419 A
TNFA rs1800610 31543827 6 0.105 C>T 4.026 0.134 A
TNFA rs3093662 31544189 6 0.072 A>G 0.791 0.673 A
TNFA HapA1 - - - - 0.282 0.869 -
TNFA HapA5 - - - - 0.634 0.728 -
TNFA HapA8 - - - - 5.15 0.076 -

A—additive; D—dominant; FE—Fisher’s exact test; Hap—haplotype; IFNG—interferon gamma; IFNGR—interferon gamma receptor;
IL—interleukin; NA—not applicable; NFKB—nuclear factor kappa beta; R—recessive model; TNFA—tumor necrosis factor alpha

2Single nucleotide polymorphisms (SNPs) excluded from association analyses because of violation of minor allele frequency (MAF) criterion (MAF <

0.05)

®SNPs excluded from association analyses because of violation of Hardy-Weinberg expectations (p < 0.001)

statistically significant variables (p < 0.05) were retained
in the final multiple variable model. Logistic regression
analyses were conducted using STATA, version 9.

As was done in the authors’ previous studies (Alfaro
et al., 2014; Dunn, Aouizerat, et al., 2013; I1li et al., 2012;
McCann et al., 2012; Merriman et al., 2014; Miaskowski
et al., 2012)—based on recommendations in the litera-
ture (Hattersley & McCarthy, 2005; Rothman, 1990), the
implementation of rigorous quality controls for genomic
data, the nonindependence of SNPs/haplotypes in LD,
and the exploratory nature of the analyses—adjustments
were not made for multiple testing. Statistically sig-
nificant SNPs and haplotypes identified in the bivariate
analyses were evaluated further using multiple logistic
regression analyses to control for differences in clinical
and demographic characteristics, potential population
stratification, and genetic associations among other SNPs
or haplotypes in the same gene. Only SNPs and haplo-
types that remained significant (p < 0.05) in the final and
most parsimonious model were presented. Therefore, the

statistically significant and independent genetic associa-
tions identified are less likely to be a result of chance.

Results
Participant Characteristics

The majority of the participants were Caucasian, well
educated, and married or partnered. Patients made up
about 66% (n = 168) of the total sample. The mean age
of the total sample was 61.4 years. The average partici-
pant had greater than four comorbid conditions and a
mean KPS score of 92. Gender was evenly represented
within the total sample, with 46% (n = 116) male and
54% (n = 137) female participants. The majority of the
FCs (n =79) were the patients’ spouses. About 38% (n =
64) of the patients had breast cancer, 49% (n = 82) had
prostate cancer, 7% (n = 12) had brain cancer, and 6%
(n =10) had lung cancer. The total sample had a mean
QOL score of 6.9 (SD = 1.5) at enrollment and 7.2 (SD =
1.5) at study completion. At enrollment, no significant
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differences were found between patients’ (X = 6.8, SD =
1.5) and FCs” (X = 7.1, SD = 1.4) QOL scores (p = 0.22).

Results of Growth Mixture Modeling Analysis

Two distinct latent classes of QOL trajectories were
identified using GMM. As shown in Table 2, a two-class
model was selected because its Bayseian information cri-
terion was smaller than for the one-class and three-class
models and by comparisons of the other fit indices. In
addition, each class in the two-class model had a reason-
able size and interpretability (Jung & Wickrama, 2008).

The parameter estimates for the two latent classes are
listed in Table 3. The largest percentage of participants
(62%) was grouped in the higher QOL class. These partic-
ipants had a mean QOL score at enrollment of 7.8 (SD =
0.9), which generally increased slightly over time. The
lower QOL class (38%) had a mean QOL score at enroll-
ment of 5.5 (SD = 1.3), which increased slightly over
time. The estimated QOL over time was about the same
as the observed QOL for both groups. The between-
group difference in QOL scores at enrollment was sta-
tistically significant (p < 0.001) and clinically meaning-
ful (Cohen’s d = 1.04) (Cohen, 1988; Norman, Sloan, &
Wyrwich, 2003; Osoba, 1999; Osoba, Rodrigues, Myles,
Zee, & Pater, 1998).

Differences in Demographic Characteristics

As summarized in Table 4, no differences were found
between the two latent classes in gender, education,
employment status, living arrangements, having an
older adult at home, number of comorbid conditions,
and weight. In addition, no significant differences were
found in the percentage of patients or FCs in either
QOL class (p = 0.49). Within the higher QOL class, no
differences in mean QOL scores were found between
patients (X = 7.7, SD = 0.8) and FCs (X =7.9,SD =
0.9, p = 0.4) at enrollment. Within the lower QOL class, no
differences were found in mean QOL
scores for patients (X = 5.5, SD = 1.3)
and FCs (X=5.7,SD =1.2, p=0.35) at
enrollment.

of Asian or Pacific Islander ethnicity or Hispanic, mixed
background, or other ethnicity were more likely to be
members of the lower QOL class (p = 0.004 and p <
0.001, respectively). No significant differences in latent
class membership were observed between Caucasian
compared to African American participants (p = 0.16) or
Asian or Pacific Islanders compared to Hispanic, mixed
background, or other ethnicity participants (p = 0.29).

Candidate Gene Analyses

The genotype frequencies were significantly differ-
ent between the two latent classes for six SNPs: IL1R2
rs4141134, IL6 12069827, IL6 rs1800795, IL6 1s1554606,
IL6 rs2069845, and NFKB2 rs12772374. For IL1R2
rs4141134 (p = 0.003), IL6 152069827 (p = 0.035), IL6
rs1800795 (p = 0.044), and IL6 rs2069845 (p = 0.006), a
dominant model fit the data best. For IL6 rs1554606 (p =
0.006) and NFKB2 rs12772374 (p = 0.031), a recessive
model fit the data best. Significant differences were found
between the latent classes for two of the haplotypes:
IL1R2 HapA2 (p = 0.044) and IL1R2 HapA4 (p = 0.008).

Multiple Logistic Regression Analyses
of Cytokine Genes and Latent Classes

To improve the estimate of the odds ratio of the ef-
fects of a SNP/haplotype on QOL class membership,
multiple logistic regression was employed that con-
trolled for genotype, genomic estimates of and self-
reported race or ethnicity, age, functional status, and
having children at home.

Two genetic associations remained significant in the
multiple logistic regression models: IL1R2 rs4141134
and NFKB2 rs12772374 (see Table 5 and Figure 1). In the
model for IL1R2 rs4141134, carrying one or two doses of
the rare C allele (i.e., TT versus TC+CC) was associated
with a 64% decrease in the odds of belonging to the low-
er QOL class. In the model for NFKB2 rs12772374, being

Table 2. Fit Indices for the Class Solutions

Participants in the lower QOL class

, GMM LL AIC BIC Entropy VLMR?
were more likely to be younger (p <
0001)/ have a 1ower KPS score (p < 1-C|assh 71,701 874 3,431 748 3,481 215 NA NA
. T 2-Class  —1,638.264 3,320.528 3,398.262 0.663 127.220%
0.001), be members of an ethnic mi- 3 °00 O 3305003 3407572 00671 29.424%*

nority group (p < 0.001), and have
children living at home (p < 0.001).
Compared to Caucasian participants,
participants of Asian or Pacific Is-
lander ethnicity or Hispanic, mixed
background, or other ethnicity were
more likely to be members of the low-
er QOL class (p = 0.02 and p = 0.002,
respectively). Compared to African
American participants, participants

*p < 0.001; ** p value is nonsignificant.

2 Chi-square statistic for the VLMR. When significant, the VLMR test provides evidence
that the K-class model fits the data better than the K-1-class model.

bRandom intercepts latent growth curve model with linear and quadratic components;
chi-square = 94.695, df = 28, p < 0.00005, comparitive fit index = 0.963, root mean
square error of approximation = 0.097

¢2-class model was selected, based on its having the smallest BIC and a significant VLMR.
Further, the VLMR is not significant for the 3-class model.

AlC—Akaike information criterion; BIC—Bayesian information criterion; GMM—growth
mixture modeling; LL—log likelihood; VLMR—Vuong-Lo-Mendell-Rubin likelihood ratio test
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Table 3. Estimates for QOL Total Score Latent Class® Solution

With Seven Assessments (N = 253)

Higher QOL (n = 156)

Lower QOL (n = 97)

Parameter Estimate® X X SE
Intercept 7.819%** 0.249 5.79%** 0.258
Linear slope 0.198** 0.065 0.0%*** 0.08
Quadratic slope -0.019* 0.009 0.009%*** 0.011
Variance Variance Variance SE
Intercept 0.512%** 0.143 1.245%** 0.214
Linear slope 0 0.022%** 0.006

*p < 0.05; ** p < 0.01; *** p < 0.001; **** p value is nonsignificant.
aTrajectory group sizes are for classification of individuals based on their most

likely latent class probabilities.

b Growth mixture model estimates were obtained with robust maximum likeli-
hood, with dyad as a clustering variable to account for dependency between
patients and family caregivers within the same dyad. Quadratic slope variances

were fixed at zero to improve estimation.

“Fixed at zero
QOL—quality of life; SE—standard error

homozygous for the rare G allele (i.e., AA+AG versus
GG) was associated with a 47.7-fold increase in the odds

of belonging to the lower QOL class.

Discussion

The current study is the first to

sure used, only two latent classes were identi-
fied in the current study. A number of factors
may account for these inconsistent findings,
including the measures used to evaluate QOL,
the specific dimensions of QOL that were
evaluated (e.g., total QOL versus subscale
scores), the timing of the QOL assessments in
relationship to the patients’ disease trajectory
(e.g., active treatment versus survivorship),
and the size and composition of the samples.

One obvious explanation for the differ-
ences in the number of latent classes identified
might be the inclusion of FCs in the current
analysis. Most QOL studies have examined
patients with cancer and FCs separately, based
on assumptions that the stressors experienced
by patients and FCs differ. However, mount-
ing evidence suggests that demographic,
dispositional, and personality characteristics,
as well as the occurrence of chronic illnesses,
explain substantial variability in the QOL of
patients with cancer and their FCs (Awadalla
et al., 2007; Chen, Chu, & Chen, 2004; Hage-

doorn, Buunk, Kuijer, Wobbes, & Sanderman, 2000;
Northouse et al., 2002). This idea is supported by the

Table 4. Differences in Demographic Characteristics Between
the Latent QOL Classes at Enrollment (N = 253)

identify distinct subgroups of pa- H('fh_ergg" "‘::"f 3;)’[
tients with cancer and their FCs based
on changes in QOL scores and to  Characteristic X SD X SD P
evaluate for assoc1at1.ons betwe?n Age (years) 653 9 559 118  <0.001
subgroup membership and varia-  Education (years) 16 3 15.8 3 0.57
tions in cytokine genes. Consistent ~ Number of comorbid conditions 4.5 2.6 4.8 2.8 0.41
with previous reports (Dunn, Ng, et x\/eighftlip(l)aur;fds) . 178.9 36.3 169.3 ?2.1 O.O61
tat 2 95.4 7.9 86.3 4 < 0.00
al., 2013; Helgeson et al., 2004; Lam arnotsiy rerformance Status score
et al.,, 2012), the largest latent class  Characteristic n % n % p
(62%) consisted of individuals with Gender 0.05
a mean enrollment QOL score of 7.8 Female 76 49 60 62 -
(SD =0.9) that increased slightly over  Ethnicity < 0.001
time. The remaining 38% of the sam- ~ Caucasian 122 79 66 68 -
le was classified into a lower QOL African American 26 7 8 8 -
p i ; Asian or Pacific Islander 5 3 11 11 -
trajectory, with a mean QOL score at Hispanic, mixed ethnicity, or other 2 1 12 12 -
enrollment of 5.5 (SD = 1.3), which Missing data 1 1 - - -
increased slightly over time. These  Lives alone 35 22 19 20 0.41
initial bet diff. . Married or partnered 113 72 61 63 0.2
Inrtial between-group dlerences M y,¢ children at home 13 8 23 24 <0.001
QOL scores are statistically significant ~ Has older adult at home 2 1 5 5 0.1
and clinically meaningful (Cohen’sd  Employed 70 45 45 46 0.9
= 1.04) (Cohen, 1988; Norman et al., PT)rtt,Of (tiyad 101 65 o7 60 0.5
atien -
2003; Osoba, 1999; Qsoba et aI:, 1998). Family caregiver 55 35 30 31 3
In contrast to previous studies that
identified three to four distinct latent ~ “Range = 0-100, where higher score indicates better quality of life
classes depending on the QOL mea- Note. Because of rounding, percentages may not total 100.
Oncology Nursing Forum ¢ Vol. 41, No. 5, September 2014 E275
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Table 5. Multiple Logistic Regression Analyses for IL7TR2 and NFKB2

Candidate Gene Markers

and sleep disturbance in a sample of
patients with breast cancer (Alfaro

et al., 2014), associations were found

Predictor B SE 95% Cl z P between haplotypes in ILIR2 and
ILTR2 genotype® 0.36 0162  [0.151,0.87] 227 0.02  latentclass membership. In the first
Age 0.56 0.067  [0.442,0.706] 488 <0001 study of the same sample (Dunn,
Ethnicity 17.84 22,553 [1.497,212.58] 2.28 002  Aouizerat, et al., 2013), each addi-
KPS 0.37 0.08 [0.241, 0.564] 461 <0001 tional dose of the ILIR2 haplotype Al
Children at home 4.19 2,519 [1.291,13.614] 2.39 0.02 1 of 16414113415 11674595
NFKB2 genotype® 47.7 68.498  [2.86,795.777] 2.69 0.01 (composed of rs =TS w70
Age 0.54 0.068 [0.423, 0.692] -4.89 <0.001 1rs7570441) was associated with a
Ethnicity 15.08 19.2 [1.244,182.838] 2.13 0.03 two-fold increase in the odds of
KPS 0.34 0.074  [0.225,0.525] 494  <0.001 : )
Children athome 5.1 3.071  [1.569, 16.598] 2.71 001  Pelongingto the more severe depres

sive symptoms class. In the study of

2Overall model fit: chi-square = 106.86, p < 0.0001, R* = 0.4154
®Overall model fit: chi-square = 110.09, p < 0.0001, R? = 0.4279

Note. Multiple logistic regression analysis of GMM latent classes for total QOL scores (0 =
higher, 1 = lower). For each model, the first three principal components derived from the
analysis of ancestry informative markers as well as self-report ethnicity were retained in all
models to adjust for potential confounding because of ethnicity (data not shown). Predic-
tors evaluated in each model included genotype, age in five-year increments, self-reported
ethnicity, children living at home, and functional status (KPS score in 10-unit increments).

Cl—confidence interval; GMM—growth mixture modeling; IL1R2—interleukin 1 receptor
2; KPS—Karnofsky Peformance Status; NFKB2—nuclear factor kappa beta 2; OR—odds

ratio; QOL—quality of life; SE—standard error

fact that, in the current study, no differences were
found in proportion of patients and FCs in each of the
QOL classes. In addition, within each QOL class, no
differences were found between patients and FCs in
their QOL scores at enrollment. Additional research is
warranted to determine the number and types of QOL
trajectories in patients with cancer and their FCs during
various phases of the patient’s cancer experience (e.g.,
diagnosis, active treatment, survivorship).

To the best of the authors” knowledge, this study is
first to evaluate the relationships between variations
in cytokine genes and distinct QOL trajectories. Across
15 candidate genes, associations were identified in
IL1R2 and NFKB2. IL1R2 is one of the two receptors
for the pro-inflammatory cytokine IL1. However, be-
cause it lacks a cytoplasmic signaling domain, IL1R2
is a decoy receptor that blocks IL1 signal transduction
(Colotta et al., 1993). In the current study, individuals
who were heterozygous or homozygous for the rare C
allele in IL1R2 rs4141134 were less likely to be classi-
fied in the lower QOL class. IL1R2 rs4141134 is located
in the promoter region of the gene and may affect
IL1R2 expression. In a previous study that evaluated
for associations between this SNP and osteoarthritis
(Nakki et al., 2010), no association was found. Evidence
suggests that this SNP is methylated in human brain
tissue, so it may play a role in modulating IL1R2 activ-
ity (Kent et al., 2002; Maunakea et al., 2010).

In the authors’ previous studies of associations be-
tween cytokine gene variations and depressive symp-
toms in the same sample (Dunn, Aouizerat, et al., 2013)

patients with breast cancer (Alfaro et
al., 2014), each additional dose of the
IL1R2 haplotype A2 (composed of
rs11674595-rs7570441) was associated
with a two-fold increase in the odds
of belonging to the worse sleep dis-
turbance class. Although these find-
ings appear somewhat contradictory
because previous studies found that
more severe symptoms are associated
with decrements in QOL (Desai et
al., 2007; Dodd et al., 2001, 2011; Esther Kim et al., 2009;
Fletcher et al., 2008; Granda-Cameron et al., 2008; Gwede
et al., 2008), two explanations are plausible. First, in the
study of patients with breast cancer (Alfaro et al., 2014),
the SNPs used to infer ILIR2 haplotype A2 did not in-
clude rs4141134. Although rs4141134 was used to infer
IL1R? haplotype A1 in the study of depressive symptoms
in the same sample (Dunn, Aouizerat, et al., 2013), the dif-
ferent subsets of participants in the QOL, as compared to
depressive symptom GMM classes, may have resulted in
differing LD associations with unmeasured causal SNPs.
Second, although the total QOL score used in the GMM
analyses included an assessment of common symptoms,
the total score represents a composite measure that in-
cludes an evaluation of physical, psychological, social,
and spiritual well-being. Additional research is warrant-
ed to determine the associations between polymorphisms
in IL1R2 and various dimensions of QOL.

The second association identified in this study was
with NFKB2 rs12772374, which is located in the in-
tron region of the gene and has no known function.
NFKB plays a role in mounting an effective immune
response, in addition to having roles in develop-
ment, cell proliferation, apoptosis, and in response
to tissue damage. The NFKB system is also activated
in emotionally stressful situations and is linked to
cancer and inflammatory diseases (Schmitz, Mattioli,
Buss, & Kracht, 2004). In the current study, individu-
als who were homozygous for the rare G allele were
more likely to be classified in the lower QOL class. In
the authors’ previous studies of associations between
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cytokine gene polymorphisms and sleep disturbance,
two different SNPs in NFKB2 that were in modest LD
with rs12772374 (i.e., rs1056890 [Alfaro et al., 2014]
and rs7897947 [Miaskowski et al., 2012]) were identi-
fied. In both of these studies, individuals who were
heterozygous or homozygous for the rare allele (i.e.,
dominant model) were more likely to be classified in
the higher sleep disturbance class. These somewhat
consistent findings warrant additional investigation.

In the only articles that reported results on associa-
tions between cytokine gene and QOL (Rausch et al,,
2010, 2012), polymorphisms in IL10 and PTSG were
associated with overall QOL scores (i.e., PCS and MCS
scores on the eight-item Short-Form Health Survey
[SF-8], mental health and social function on the SF-8)
in patients with lung cancer. However, the specific
directions for these associations are not described. In
the current study, no associations were found in the
bivariate analyses between IL10 and QOL latent class
membership. These inconsistent findings may be re-
lated to differences in the QOL measures used and de-
termination of the QOL phenotype (i.e., cross sectional
analysis versus latent class analyses), as well as sample
characteristics.

In terms of demographic characteristics, consistent
with the previous studies that used GMM to identify
distinct QOL subgroups (Dunn, Ng, et al., 2013; Helge-
son et al., 2004; Lam et al., 2012), younger participants
were more likely to be classified in the lower QOL class.
Younger participants may need to balance employment
and social responsibilities (e.g., children at home) in
addition to the stressors associated with cancer and
its treatment, which can have a negative effect on their
QOL (Baker, Denniston, Smith, & West, 2005; Costanzo
et al., 2007). This hypothesis is supported by this study’s
and others’ (Bloom et al., 2004; Eisemann & Lalos, 1999)
finding that participants with children at home are more
likely to be classified in the lower QOL class. In contrast,
older individuals may experience a “response shift”
in their perception of QOL, whereby a person’s judg-
ment of health may vary as a result of new information,
changes in values and priorities, or changes to what they
perceive as QOL following the diagnosis of a serious ill-
ness (Schwartz & Sprangers, 1999).

Consistent with previous reports (Luckett et al., 2011;
Powe et al., 2007), participants who self-reported their
ethnicity as Asian or Pacific Islander or Hispanic, mixed
background, or other were more likely to be classified
in the lower QOL class. In both regression analyses, the
odds of belonging to the lower QOL class were about 15
times higher for these minority groups. However, these
findings need to be interpreted with caution because
of the relatively small number of individuals in each of
these ethnic groups. Consistent with previous reports
(Caissie et al., 2012; Lien et al., 2012; Movsas, Scott, &

Watkins-Bruner, 2006), lower functional status scores
were associated with membership in the lower QOL class.
Although the KPS scores of both classes were relatively
high, the between-class difference in KPS scores was
clinically meaningful (d = 0.41). These findings suggest
that subtle differences in functional status are associated
with noticeable decrements in QOL for patients and their
FCs. The factors that contributed to these differences in
functional status warrant additional investigation. One
may speculate that the lower KPS scores in the lower
QOL class would be associated with a higher number of
comorbidities (Deshpande, Sefko, Jeffe, & Schootman,
2011; Ostroff et al., 2011). However, participants in the
higher QOL class (X = 4.5, SD = 2.6) and the lower QOL
class (X = 4.8, SD = 2.8) reported a similar number of
comorbidities.

ILTR2 (rs4141134)
100

80
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ILT1R2—interleukin 1 receptor 2; NFKB2—nuclear factor kappa
beta 2; QOL—quality of life

Note. Participants were heterozygous or homozygous for the
common allele (TT or AA+AG) or the rare allele (TC+CC or GG).

Figure 1. Differences Between the Latent Classes
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Knowledge Translation

Patients and family caregivers (FCs) need to be evaluated for
changes in quality of life (QOL) during the course of patients’
treatment.

Younger patients and FCs who are members of a racial or ethnic
minority group, have children living at home, and have poorer
functional status should be assessed for decrements in QOL.

An understanding of genomic markers causing decrements in
QOL may contribute to the development of molecular tests that
can be used to identify high-risk patients and FCs.

In previous studies, higher education (Knight et al.,
2007; Movsas et al., 2006) and being married (Kwan et
al., 2010; Movsas et al., 2006) were associated with higher
QOL scores and living alone (Dieperink et al., 2012) was
associated with lower QOL scores in patients with cancer;
these associations were not found in the current study.
These inconsistent findings may be the result of differ-
ences in the QOL measures used, as well as differences
in sample characteristics and timing of the assessments.

Limitations

Several study limitations need to be acknowledged.
This study evaluated QOL among outpatients with can-
cer and their FCs using QOL-PV and QOL-FV question-
naires (Padilla et al., 1983, 1990). The total QOL score is an
aggregate measure of a person’s subjective experience re-
lated to their physical, psychological, social, and spiritual
well-being. Although previous studies did evaluate for
differences in latent classes using various QOL subscales
(Dunn, Ng, et al., 2013; Helgeson et al., 2004; Lam et al.,
2012), future research needs to evaluate for differences
in genotypic associations among these latent classes.
The sample size for the GMM analysis was adequate
(Nylund et al., 2007; Tofighi & Enders, 2008), but larger
samples may identify additional latent classes. In terms
of the genetic association analyses, studies are warranted
in an independent sample(s) to validate the associations
described in the current study. Future studies could
include additional cytokine genes (e.g., cytokine genes

that encode for cytokines that participate in the same
pathway as those identified herein) as well as protein
levels of cytokines to evaluate the functional impact of
these genetic associations.

Implications for Nursing Practice
and Conclusions

Despite these limitations, findings from the current
study provide preliminary evidence for distinct classes
of QOL trajectories in patients with cancer and their FCs.
Given the increasing importance of QOL as a patient-
reported outcome (Trask et al., 2009), clinicians need to
assess patients and FCs for changes in QOL throughout
and beyond cancer treatment. Clinicians should evaluate
patients and FCs who may be at higher risk for decre-
ments in QOL. Given the results of this study, individu-
als who are younger, identify with an ethnic minority
group, have a poorer functional status, and have children
living at home may be at greater risk. The candidate
gene associations found in the current study suggests a
role for inflammation in QOL. Ultimately, an increased
understanding of genomic markers associated with
decrements in QOL may contribute to the development
of molecular tests that can be used to identify high-risk
patients and FCs.
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