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VARIOUS DOMAINS OF QUALITY OF LIFE IN WOMEN WITH
BREAST CANCER

Kimberly Alexander, RN, PhD!, Yvette P. Conley, PhD?, Jon D. Levine, MD, PhD3, Bruce A.
Cooper, PhD3, Steven M. Paul, PhD3, Judy Mastick, RN, MN3, Claudia West, RN, MS3, and
Christine Miaskowski, RN, PhD3

1Queensland University of Technology, Brisbane, Australia

2University of Pittsburgh, Pittsburgh, PA

SUniversity of California, San Francisco, CA

Abstract

Context—L.ittle is known about the phenotypic and molecular characteristics associated with
various domains of quality of life (QOL) in women following breast cancer surgery.

Objectives—In a sample of women with breast cancer (n= 398), purposes were: to identify latent
classes with distinct trajectories of QOL from prior to through six months following surgery and to
evaluate for differences in demographic and clinical characteristics, as well as for polymorphisms
in cytokine genes, between these latent classes.

Methods—Latent class analyses were done to identify subgroups of patients with distinct QOL
outcomes. Candidate gene analyses were done to identify cytokine gene polymorphisms associated
with various domains of QOL (i.e., physical, psychological, spiritual, social).

Results—One latent class was identified for the psychological and spiritual domains. Two latent
classes were identified for the social domain and overall QOL scores. Three latent classes were
identified for the physical domain. For the physical and social domains, as well as for the overall
QOL scores, distinct phenotypic characteristics (i.e., younger age, poorer functional status, higher
body mass index, and receipt of adjuvant chemotherapy) and a humber of cytokine gene
polymorphisms (CXCL8, NFKB2, TNFSF, IL1B, IL13, and NFKBI) were associated with
membership in the lower QOL classes.

Conclusions—Findings suggest that women experience distinctly different physical well-being,
social well-being, and total QOL outcomes during and following breast cancer surgery. The
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genetic associations identified suggest that cytokine dysregulation influences QOL outcomes.
However, specific QOL domains may be impacted by different cytokines.
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quality of life; cytokine genes; breast cancer; polymorphism; growth mixture modeling

INTRODUCTION

While a number of reviews noted that some women report poorer quality of life (QOL)
following breast cancer surgery, findings across studies are inconsistent.1=3 A number of
explanations exist for these inconsistent findings. First, while researchers accept that a
comprehensive evaluation of QOL should include the assessment of multiple domains,* the
QOL instruments used across studies are extremely variable.® Second, the timing of the
QOL assessments were not consistent which makes it difficult to determine the impact of
specific treatments on breast cancer patients’ QOL. Third, most longitudinal studies of QOL
in breast cancer patients reported mean scores which do not allow for an evaluation of inter-
individual variability in the various domains of QOL.

Despite the fact that numerous studies have evaluated QOL in patients with breast cancer,1-3
little information is available on phenotypic characteristics that predict QOL outcomes in the
first six months following breast cancer surgery. In the only two studies identified,%’ poorer
overall QOL scores for up to two years following breast cancer surgery were associated with
a number of demographic (e.g., not having a partner at the time of surgery®); psychological
(e.g., higher levels of mood disturbance,’ anxiety and depression,® poorer body image’); and
clinical (e.g., higher number of comorbid conditions,® receipt of adjuvant chemotherapy
(CTX),® higher number of positive lymph nodes®:7) characteristics.

Only one study was found that evaluated for phenotypic characteristics associated with
specific domains of QOL.8 In this study, that evaluated patients prior to and at three and
twelve months after breast cancer surgery, older age was associated with improved social
and psychological well-being but with poorer physical well-being. In addition, higher
education was associated with higher psychological well-being. Given that QOL is such an
important patient-reported outcome,® additional research is needed to determine which
phenotypic characteristics are associated with poorer outcomes across multiple domains of
QOL.

Recent evidence suggests that 11% to 35% of QOL is heritable.1? As noted in one review,1
polymorphisms in inflammatory, dopaminergic, serotonergic, neurotrophin signalling, and
neuroactive ligand-receptor interaction pathways were associated with changes in QOL.
While some pathways were associated with specific QOL domains (e.g., dopaminergic
pathway genes and emotional functioning), others (e.g., inflammation) were linked to
changes in multiple domains of QOL. While the exact mechanisms by which
polymorphisms in inflammatory genes contribute to inter-individual variability in QOL are
unknown, inflammation may influence the severity of symptoms experienced by cancer
patients, which in turn impacts functional status and QOL.12
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While no studies evaluated for associations between QOL and genetic variants in breast
cancer patients, five studies have reported on associations between a number of
polymorphisms in inflammatory pathways (i.e., cytokines) and QOL in cancer patients.13-17
In a study of lung cancer survivors,14 variations in a number of cytokine genes were
associated with changes in physical functioning (i.e., interfeukin (/L) 1B, IL10, IL1 receptor
antagonist (IL1RN)), mental health (/L1RN), emotional role functioning (/L6), and social
functioning (/L6, ILIRN, tumor necrosis factor super family (TNFSF)). In a separate study
of the same cohort,1° three single nucleotide polymorphisms (SNPs) (rs3858300,
rs10741191, and rs10741191) in the O-6-methylguanine-deoxyribonucleic acid (DNA)
methyltransferase (MGMT) gene were associated with a 34%, 36%, and 30% increased risk
of lower QOL scores, respectively. In separate analyses of the same cohort,3 carrying one or
two doses of the rare “G” alleles for prostaglandin-endoperoxide synthase 2 (PTGSZ2) rs5277
and rs5275 were associated with lower social function and mental health scores,
respectively.

In our previous studies,16:17 subgroups of oncology patients and their family caregivers
(FCs) with distinct QOL trajectories were identified. In terms of social well-being,’
individuals who were heterozygous or homozygous for the rare “G” allele for nuclear factor
kappa beta 2 (MFKBZ2) rs7897947 had a 54% decrease in the odds of belonging in the lower
social well-being class. In terms of overall QOL,16 individuals who were heterozygous or
homozygous for the rare “C” allele for /L1R2rs4141134 had a 64% decrease in the odds of
belonging to the Lower total QOL class. In contrast, individuals who were homozygous for
the rare “G” allele for NFKB2rs12772374 were 47.7 times more likely to belong to the
lower total QOL class. All five studies provide preliminary evidence of associations between
genetic polymorphisms and QOL outcomes.3-17 However, additional studies of oncology
patients are needed to confirm these associations Therefore, the purposes of this study, in a
sample of women with breast cancer (n= 398), were: to identify latent classes with distinct
trajectories of QOL from prior to through six months following surgery and to evaluate for
differences in demographic and clinical characteristics, as well as for polymorphisms in
cytokine genes, between these latent classes.

MATERIALS AND METHODS

Patients and Settings

This analysis is part of a larger, longitudinal study whose methods are described in detail
elsewhere.18-21 Women were eligible to participate if they: were >18 years; were scheduled
to undergo unilateral breast cancer surgery; were able to read, write, and understand English;
and gave written informed consent. Patients were excluded if they were having bilateral
breast cancer surgery or had distant metastasis at the time of diagnosis.

Instruments

Patients completed a demographic questionnaire, the Karnofsky Performance Status (KPS)
scale?? and the Self-Administered Comorbidity Questionnaire (SCQ).23 QOL was evaluated
using the Quality of Life-Scale-Patient Version (QOL-PV).2425 The QOL-PV consists of 41
items that measure four domains of QOL in cancer patients (i.e., physical well-being,
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psychological well-being, social well-being, spiritual well-being). Items are rated on a 0 to
10 numeric rating scale. Patients were asked to rate each item based on their life “at this
time”. Mean subscale and total scores were calculated. Higher scores indicate better QOL.
The QOL-PV has well established validity and reliability.2425 Cronbach’s alphas for the
QOL-PV physical well-being, psychological well-being, social well-being, and spiritual
well-being, as well as the total QOL score, were: .80, .86, .80, .63, and .86, respectively.

Study Procedures

The study was approved by the Committee on Human Research at the University of
California, San Francisco and by the Institutional Review Board at each of the study sites.
During the preoperative visit, a clinician explained the study; determined the patient’s
willingness to participate; and introduced her to the research nurse. The research nurse met
with the woman, determined eligibility, and obtained written informed consent prior to
surgery. After obtaining consent, patients completed the enroliment questionnaires an
average of 4 days prior to surgery. Patients completed the QOL-PV at enrollment and
monthly for 6 months (i.e., 7 assessments). Medical records were reviewed for disease and
treatment information.

Genomic analyses

Gene selection—The pro-inflammatory genes evaluated in this study were: chemokine
(C-C-C motif) /igand 8 (CXCLS, previous gene symbol /L&), interferon gamma (IFNG),
IFNGRI1, IL1R1, IL2, IL17A, and members of the 7NFfamily (i.e., lymphotoxin alpha
(LTA), TNF). The anti-inflammatory genes were: /LIR2, /L4, /L10, and /L13. In addition,
IFNG1, IL1B, and /L6 possess pro- and anti-inflammatory functions and NFKBZ and
NFKBZ2that regulate transcription of cytokine genes were evaluated.2® All genes were
named using the Human Genome Organization (HUGQO) Gene Nomenclature Committee
(HGNC) database (http://www.genenames.org).

Blood collection and genotyping—Of the 398 patients who completed the enrollment
assessment, 310 provided a blood sample from which DNA was isolated from peripheral
blood mononuclear cells (PBMCs). Genomic DNA was extracted from PBMCs using the
PUREGene DNA Isolation System (Invitrogen, Carlsbad, CA), quantitated using Nanodrop
Spectrophotometer (ND-1000), and normalized to a concentration of 50 nanograms/
microliter (ng/L). Samples were genotyped using a custom array on the Golden Gate
genotyping platform (Illumina, San Diego, CA) and processed according to the standard
protocol using GenomeStudio (Illumina, San Diego, CA).

SNP selection—SNPs were required to be common (i.e., a minor allele frequency =0.05)
in public databases. SNPs with call rates of <95% or Hardy-Weinberg p-values of <.001
were excluded. As shown in Supplementary Table 1, 81 SNPs from a total of 104 SNPs
among 15 candidate genes passed all of the quality control filters and were included in the
genetic association analyses. Potential regulatory involvement of the significant SNPs
identified in this analysis were investigated using SNPinfo (FuncPred, http://
www.niehs.nih.gov/snpinfo).27
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Statistical Analyses for the Phenotypic Data

Data were analyzed using SPSS version 2328 and STATA Version 13.2% Descriptive statistics
and frequency distributions were generated for sample characteristics. Parametric and non
parametric tests were used to evaluate for differences in demographic and clinical
characteristics among the latent classes. A p-value of <0.05 was considered statistically
significant.

Unconditional growth mixture modelling (GMM) with robust maximum likelihood
estimation was carried out to identify latent classes with distinct QOL trajectories using
Mplus Version 5.21. These methods are described in detail elsewhere.2! In brief, a single
growth curve that represented the “average” change trajectory was estimated for the entire
sample. Then, the number of latent growth classes that best fit the data was identified using
guidelines recommended in the literature.30-32

Statistical Analyses for the Genetic Data

Allele and genotype frequencies were determined by gene counting. Hardy-Weinberg
equilibrium was assessed by Chi-square or Fisher Exact tests. Measures of linkage
disequilibrium ((LD), i.e., D’ and r2) were computed from the patients’ genotypes with
Haploview 4.2. The LD-based haplotype block definition was based on D’ confidence
interval.33 Haplotypes were constructed using the program PHASE version 2.1.34 Only
inferred haplotypes that occurred with a frequency of >15% were included in the association
analyses.

Ancestry informative markers (AlMs) were used to minimize confounding due to population
stratification.3°-37 Homogeneity in ancestry among patients was verified by principal
component analysis,38 using HelixTree (GoldenHelix, Bozeman, MT). The first three PCs
were selected to adjust for potential confounding due to population substructure (i.e., race/
ethnicity) by including them in all of the logistic regression models. One hundred and six
AlIMs were included in the analysis.

For association tests, three genetic models were assessed for each SNP: additive, dominant,
and recessive. The genetic model that best fit the data (i.e., most significant p-value) was
selected for each SNP. Logistic regression analyses, that controlled for significant covariates,
as well as genomic estimates of and self-reported race/ethnicity, were used to evaluate the
associations between genotype and QOL class membership. Only those genetic associations
identified as significant from the bivariate analyses were evaluated in the multivariate
analyses. A backwards stepwise approach was used to create a parsimonious model. Except
for genomic estimates of and self-reported race/ethnicity, only predictors with a p-value of
<.05 were retained in the final model. Genetic model fit and both unadjusted and covariate-
adjusted odds ratios were estimated using STATA version 13.2°

As was done in our previous studies,18:20:39-52 hased on the recommendations in the
literature, 3354 as well as the implementation of rigorous quality controls for genomic data,
the non-independence of SNPs/haplotypes in LD, and the exploratory nature of the analyses,
adjustments were not made for multiple testing. In addition, significant SNPs identified in
the bivariate analyses were evaluated further using logistic regression analyses that
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controlled for differences in phenotypic characteristics, potential confounding due to
population stratification, and variations in other SNPs/haplotypes within the same gene.
Only those SNPs that remained significant were included in the final presentation of the
results. Therefore, the significant independent associations reported are unlikely to be due
solely to chance. Unadjusted (bivariate) associations are reported for all of the SNPs that
passed quality control criteria in Supplementary Table 1, to allow for subsequent
comparisons and meta-analyses.

GMM Analyses

The fit indices used for GMM class selection are listed in Table 1. The parameter estimates
for the identified classes are listed in Table 2. For physical well-being, three classes were
identified (Figure 1A). For psychological well-being, a one-class solution was selected
because a model with a larger number of classes was not supported (data not shown; Figure
1B). The mean psychological well-being score at enrollment was 5.76 (£1.82). This score
increased slightly over time. For social well-being, two classes were identified (Figure 1C).
For spiritual well-being, a one-class solution was selected because a model with a larger
number of classes was not supported (data not shown; 1D). The mean spiritual well-being
score at enrollment was 5.72 (+1.84). These scores remained relatively stable over time. For
the total QOL scores, two classes were identified (Figure 1E).

Physical well-being

For physical well-being, the largest group of patients was named the Higher physical well-
being class (n=207, 52.4%). These patients had a mean score prior to surgery of 8.931
(£0.729) and their scores remained relatively stable overtime. The second largest group was
named the Lower physical well-being class (n=112, 28.4%) who had a mean enroliment
score of 6.220 (+1.588) that remained relatively stable overtime. The third group was named
the Changing physical well-being class (n=76, 19.2%). These patients had a mean
enrollment score of 8.070 (£1.172). Their mean scores decreased to 5.767 (£1.266) at three
months and then increased to 7.382 (x1.126) at six months following surgery.

Compared to the Higher class, patients in the Changing and Lower physical well-being
classes were younger; were more likely to have had an axillary lymph node dissection
(ALND) and to have received adjuvant CTX; and were less likely to have gone through
menopause (Table 3). Compared to the Higher and Changing classes, patients in the Lower
physical well-being class had a lower KPS score. Compared to the Higher class, patients in
the Lower physical well-being class had a higher SCQ score; a higher body mass index
(BMI); and were less likely to be White; and were less likely to have received adjuvant
radiation therapy (RT). Compared to the Changing class, patients in the lower physical well-
being class were more likely to have a lower income, have a higher stage of disease at the
time of diagnosis, and had received neoadjuvant CTX, and less likely to have received
adjuvant CTX. Compared to the Higher class, patients in the Changing class were less likely
to have received RT in the six months following surgery.
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Social well-being

Total QOL

For social well-being, one group of patients was named the Higher social well-being class
(n=212, 53.8%), they had a mean enrollment score of 8.099 (£1.196) and their mean scores
were relatively stable overtime. The second subgroup was named the Lower social well-
being class (n=182, 46.2%). They had a mean enrollment score of 5.604 (+1.905) and their
scores decreased slightly overtime.

Compared to the Higher social well-being class, patients in the Lower class were younger;
less likely to be White; had a lower KPS score; and were less likely to have gone through
menopause. In addition, patients in the Lower social well-being class had a higher stage of
disease at diagnosis, more likely to have received neoadjuvant CTX, more likely to have had
an ALND, less likely to have received adjuvant RT, and more likely to have received
adjuvant CTX.

For total QOL, one class was named the Higher total QOL class (n=169, 42.7%). These
patients had a mean enrollment score of 7.054 (+1.074) and their scores increased slightly
over time. A second group was named the Lower total QOL class (n=227, 57.3%). These
patients had a mean enrollment score of 5.983 (x1.318) and their scores decreased slightly
overtime.

Compared to the Higher total QOL class, patients in the Lower class were significantly
younger, had a lower KPS score, and were less likely to have gone through menopause. In
addition, patients in the Lower class had a higher stage of disease at diagnosis, were more
likely to have had an ALND, were less likely to have received adjuvant CTX, and were more
likely to have received adjuvant RT.

Candidate Gene Analyses

Candidate gene analyses are summarized in Supplementary Table 1.

Physical well-being

In the ordinal logistic regression analyses for physical well-being, after controlling for age,
KPS score, BMI, receipt of CTX during the six months after surgery (i.e., adjuvant CTX), as
well as self-reported and genomic estimates of race/ethnicity, and other significant variants
in the same gene, only the models fit for CXCL8rs4073, NFKB2rs11574849, and TNFSF
rs1800683 remained significant. Pairwise comparisons revealed that the relationship
between subgroup membership and the CXCL8 genotype was due to differences in genotype
frequencies between the Higher versus Changing physical well-being class (p = .002, Table
4, Figure 2A). Patients who were homozygous for the rare “A” allele had an 80% decrease
in the odds of belonging to the Changing physical well-being class.

For NFKBZ2rs11574849, pairwise comparisons revealed that the relationship between
subgroup membership and genotype was due to differences in genotype frequencies between
the Changing versus the Lower physical well-being classes (p = .016, Table 4, Figure 2B).
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Patients who were heterozygous or homozygous for the rare “A” allele had a 76% decrease
in the odds of belonging to the Lower physical well-being class.

For TNVFSFrs1800683, pairwise comparisons revealed that the relationship between
subgroup membership and genotype was due to differences in the genotype frequencies
between the Changing versus the Lower physical well-being classes (p = .013, Table 4,
Figure 2C). Patients who were heterozygous or homozygous for the rare “A” allele had a
2.73 increased odds of belonging to the Lower physical well-being class.

Social well-being

Total QOL

In the regression analyses, after controlling for age, KPS score, receipt of adjuvant CTX, as
well as self-reports and genomic estimates of race/ethnicity and other significant covariates
in the same gene, the model fit for /L1Brs1143623 remained significant. Patients who were
heterozygous or homozygous for the rare “C” allele had a 1.94 increased odds of belonging
to the Lower social well-being class (p = .018, Table 5, Figure 3A).

In the regression analyses for total QOL, after controlling for age, KPS score, receipt of
adjuvant CTX, as well as self-reports and genomic estimates of race/ethnicity and other
significant variations in the same gene, the models fit for /L13rs1881457 and NFKB1
rs4648068 remained significant. Patients who were heterozygous or homozygous for the rare
“C” allele for /L13rs1881457 had a 1.78 increased odds of belonging to the Lower total
QOL class (p = .033, Table 6, Figure 3B). Patients who were homozygous for the rare “G”
allele for NFKB1rs4648068 had a 3.12 increased odds of belonging to the Lower total QOL
class (p = .005, Table 6, Figure 3C).

DISCUSSION

This study is the first to use GMM to identify subgroups of women who reported distinct
trajectories for physical well-being, social well-being, and overall QOL prior to and for six
months following breast cancer surgery. In addition, this study is the first to evaluate for
demographic and clinical characteristics, as well as for variations in cytokine genes, that
were associated with poorer outcomes across these QOL domains. In terms of physical well-
being, three classes (i.e., Higher, Changing and Lower) were identified. For social well-
being and overall QOL, two classes (i.e., Higher and Lower) were identified. Only one class
was identified for the psychological well-being and spiritual well-being. In the only study
that used GMM to evaluate for distinct QOL trajectories in breast cancer patients who were
followed for four years following surgery,>® four latent classes were identified for both the
Physical and Mental component summary scores (i.e., PCS and MCS, respectively) of the
SF-36. One consistent finding across both studies was the identification of a group of
women with consistently higher physical well-being scores that included approximately
50% of both samples.

While the samples in our study and the previous study®® were relatively similar, the
inconsistent findings related to psychological well-being may be partially explained by
differences in the follow-up period. In addition, we used a disease-specific measure of QOL
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while the previous study used a generic measure of QOL. Replication of these findings,
using both generic and disease-specific measures, is warranted to explore this hypothesis.

Of note, we previously reported four subgroups of patients with different depressive
symptom trajectories?! and two subgroups of patients with different anxiety symptom
trajectories®® in the same cohort of patients. The reason that we did not identify subgroups
of patients with distinct trajectories of psychological well-being may be because this
subscale of the QOL-PV evaluates other dimensions of psychological well-being (e.g., sense
of control, fear of recurrence) that may be of equal concern to all women immediately
following breast cancer surgery.

No studies have used the QOL-PV to evaluate QOL in breast cancer patients prior to and
following surgery. Most of the previous QOL-PV studies evaluated long-term survivors of
breast cancer (i.e., at least five years post treatment).57-80 Across all of the subscale and total
QOL scores in our study, our scores for the various latent classes were in the range of these
previous reports. These findings suggest that across the trajectory of treatment for breast
cancer and well into survivorship, a considerable amount of inter-individual variability exists
across the various QOL domains. The use of latent class analyses in future studies may help
to identify higher risk groups.

In our previous studies that used GMM to evaluate various domains and overall QOL of
patients undergoing radiation therapy and their FCs,16:17 we identified two latent classes
(i.e., Higher and Lower) for physical well-being, psychological well-being, social well-
being, and total QOL scores. The mean scores at enrollment and the trajectories for the
Higher physical well-being class, social well-being, and total QOL classes were similar
across our two studies. For example, the mean enrollment score (8.919) and trajectory of the
Higher physical well-being class in the previous studyl’ was similar to that of the current
study. In addition, for both studies, only one class was identified for the spiritual well-being
domain and the trajectory remained relatively stable overtime. These consistent findings
suggest that inter-individual variability in various domains of QOL may be related to factors
other than the diagnosis of cancer and the effects of treatment.

Demographic and Clinical Characteristics Associated with Latent Class Memberships

Younger age, poorer functional status, and receipt of adjuvant CTX were the three
phenotypic characteristics that remained significant in all the multivariable models.
Consistent with previous reports,61:62 younger women were more likely to be in the worse
QOL classes. Perhaps younger cancer patients have more responsibilitiesé3 and/or
experience a higher symptom burden during treatment.54 However, in two studies of women
following breast cancer surgery with a similar age profile,8° older age was associated with
Lower physical well-being scores. This inconsistent finding may be related to differences in
comorbidities that can affect physical well-being.

Consistent with previous studies,6%:66 lower functional status was associated with
membership in the Lower physical and social well-being as well as overall QOL classes. In
our study, the mean KPS score for the patients in the lower physical well-being class
indicates that they reported ‘some’ signs or symptoms of disease that required effort to carry
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on normal activity. In addition, the difference in KPS scores between the two physical well-
being classes represents not only a statistically significant but a clinically meaningful
difference in this score (i.e., Cohen’s d = 0.95).67 While the differences in KPS scores
between the social well-being and total QOL classes were statistically significant, they were
not clinically meaningful. These inconsistent findings may be explained by the fact that the
overall KPS score for the entire sample was high (i.e., 93.223 (+10.296)). An alternative
explanation may be that even small decrements in functional status can have a differential
impact on various domains, as well as overall QOL.%8

Consistent with previous reports,6:8:69-71 receipt of adjuvant CTX was associated with
membership in the lower QOL classes. The higher symptom burden associated with CTX
may result in poorer physical and social well-being as well as overall QOL. For example,
increased pain during intercourse from vaginal dryness as a side effect of CTX’! may lead to
decreased satisfaction with sex life and decreased support from partners contributing to
poorer social well-being.”2

BMI remained significant in only one of the ordinal logistic regression analyses, namely for
physical well-being. Consistent with previous reports,’3:74 compared to the Higher class,
patients in the Changing physical well-being class had a higher BMI. While the mean BMIs
for both classes are in the ‘overweight’ category,’® this finding suggests that even small
decreases in BMI may improve the physical well-being of women following breast cancer
surgery.

Polymorphims Associated with Latent Class Memberships

This study is the first to evaluate for associations between polymorphisms in cytokine genes
and QOL outcomes in women following breast cancer surgery. Of note, across the three
QOL outcomes, the genetic associations were completely different. For physical well-being,
three genes (i.e., CXCL8, NFKBZ, TNFSF) were associated with membership in lower QOL
classes. For CXCL8rs4073, patients who were homozygous for the rare “A” allele had a
decreased risk of being in the Changing physical well-being class compared to the Higher
physical well-being class. According to SNPinfo, this SNP is located in the promoter region
of the gene and may alter gene expression by changing transcriptional factor binding sites
(TFBS) for transcriptional factors involved in the transcription of DNA into ribonucleic acid
(RNA). CXCLS8 belongs to a family of chemokines that are responsible for the elimination
of pathogens through recruitment and activation of leukocytes during inflammation.”8
Carrying the rare “A” allele for CXCL8rs4073 is associated with a variety of conditions
including cancer susceptibility,””~9 infection,89 and chronic inflammation.81-83 Consistent
with our findings, in a previous study,34 patients who were homozygous for the rare “A”
allele in CXCL8rs4073 had a lower risk of CTX toxicities. Perhaps carriers of the rare “A”
allele experience fewer symptoms or adverse effects from treatment that contribute to
decrements in physical well-being.

For NFKBZ2rs11574849, patients who were homozygous for the rare “A” allele had a
decreased risk of being in the Lower physical well-being class than in the Changing class.
NFKBZ2encodes for one-half of the NFKB protein, which is a central transcriptional
modulator of inflammation.85 NFKB2rs11574849 is located in the intron region of the gene
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and has no known function. While no studies were identified that evaluated this SNP, it may
be that this SNP is in LD with other functional variants of the same gene.

For TNVFSFrs1800683, patients who were heterozygous or homozygous for the rare “A”
allele had an increased risk of being in the Lower physical well-being class compared to the
Changing physical well-being class. TAVFSFrs1800683 is located in the coding region of the
lymphotoxin-alpha (LTA) gene and is part of the promoter region of 7AFSF. According to
SNPinfo, this SNP may affect 7A/FSFexpression by altering TFBS or disrupting messenger
RNA (mRNA) splicing and affect LTA protein function. TNFSF and LTA are involved in a
broad range of biologic functions including immune responses.8¢ Consistent with the
findings from this study, the rare “A” allele for 7TAMFSFrs1800683 was associated with
higher fatigue8” and wake after sleep onset in adults living with HIV/AIDS,88 and less
evening energy in oncology patients and their family caregivers.#3

Only one SNP was associated with social well-being class membership. For /L1B
rs1143623, patients who were heterozygous or homozygous for the rare “C” allele had an
increased risk of being in the Lower social well-being class. According to SNPinfo, /L1B
rs1143623 is located in the promoter region of the gene and may alter gene expression by
changing TFBS. IL1B is involved in a number of cellular activities including cell
proliferation, differentiation, and apoptosis, as well as being an important mediator of acute
and chronic inflammatory responses.89 The rare “C” allele in this SNP was associated with:
gout,%0 reduced drug efficacy in type 2 diabetes patients,®! cancer,?293 higher triglycerides
and cholesterol,®* and rheumatoid arthritis.% The relationship between this SNP and social
well-being requires further exploration. However, the variety in the conditions associated
with this SNP highlights the potential widespread involvement of this SNP in cellular
activities.

Two SNPs were associated with overall QOL class membership. For /L13rs1881457,
patients who were heterozygous or homozygous for the rare “C” allele had an increased risk
of being in the Lower total QOL class. According to SNPinfo, /L 13rs1881457 is located in
the promoter region of the gene and may alter gene expression by affecting TFBS. Critical to
immune responses to allergens, 1L13 induces antibody synthesis.% In a study of patients
with non-small cell lung cancer undergoing CTX,%’ decreased survival and greater disease
recurrence were reported in carriers of the rare “C” allele for /L13rs1881457. Our finding is
partially supported by a review of the literature98 that highlights the association between
poorer QOL scores and poorer survival in cancer patients.

For NFKB1 rs4648068, patients who were homozygous for the rare “G” allele had an
increased risk of being in the Lower total QOL class. NFKBI1 rs4648068 is located in the
intron region of AVFKBI and has no known function. In a limited number of studies,
rs4648068 was associated with increased risk of ovarian® and gastric100-102 cancer. This
study is the first to identify an association between NFKBI1 rs4648068 and outcomes other
than cancer risk.

It should be noted that this study’s findings and conclusions are preliminary and require
replication. The generalizability of our findings is limited to breast cancer patients. Indeed,
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none of the cytokine gene associations identified in our previous study of QOL outcomes in
oncology patients and their FCs were significant in the current study.16:17 Reasons for these
differences may be related to: differences in participant characteristics such as the inclusion
of FCs in the sample and/or differences in the impact or timing of different cancer treatments
on QOL outcomes. Lastly, although our sample size was sufficient, larger samples may
identify additional latent classes, as well as other phenotypic and genotypic associations.

Conclusions

Findings from this study confirm that women experience distinctly different physical well-
being, social well-being, and total QOL outcomes during and following breast cancer
surgery. Factors such as younger age, poorer functional status, higher BMI, and receipt of
adjuvant CTX may place women at greater risk for poorer QOL. While most of these factors
were reported previously, they should be used by clinicians to identify high risk patients
prior to surgery. This type of risk profiling may allow for more tailored interventions to
support these patients. Furthermore, understanding unique genomic markers would allow for
earlier identification of cancer patients at higher risk for poorer QOL outcomes.
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Figure 1.
Observed and estimated physical well-being (Figure 1A), psychological well-being (Figure

1B), social well-being (Figure 1C), spiritual well-being (Figure 1D), and total quality of life
(QOL) (Figure 1E) trajectories for patients in each of the latent classes.
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Figure 2.
Figure 2A - Differences among the physical well-being (PWB) latent classes in the

percentages of patients who were homozygous or heterozygous for the common allele TT
+TA) or homozygous for the rare allele (AA) for rs4073 in chemokine (C-C-C motif) ligand
8 (CXCLY). Values are plotted as unadjusted proportions with corresponding p-value.
Figure 2B - Differences among the PWB latent classes in the percentages of patients who
were homozygous for the common allele (GG) or heterozygous or homozygous for the rare
allele (GA+AA) for rs11574849 in nuclear factor kappa beta 2 (VFKB2). Values are plotted
as unadjusted proportions with corresponding p-value.

Figure 2C - Differences among the PWB latent classes in the percentages of patients who
were homozygous for the common allele (GG) or heterozygous or homozygous for the rare
allele (GA+AA) for rs1800683 in tumor necrosis factor super family (7AVFSF). Values are
plotted as unadjusted proportions with corresponding p-value.
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Figure 3A - Differences between the social well-being (SWB) latent classes in the
percentages of patients who were homozygous for the common allele (GG) or heterozygous
or homozygous for the rare allele (GC+CC) for rs1143623 in interleukin 1 beta (/L1B).
Values are plotted as unadjusted proportions with corresponding p-value.

Figure 3B - Differences between the total quality of life (QOL) latent classes in the
percentages of patients who were homozygous for the common allele (AA) or heterozygous
or homozygous for the rare allele (AC+CC) for rs1881457 in interleukin 13 (/L13). Values
are plotted as unadjusted proportions with corresponding p-value.

Figure 3C - Differences between the total quality of life (QOL) classes in the percentages of
patients who were homozygous or heterozygous for the common allele (AA+AG) or
homozygous for the rare allele (GG) for rs4648068 in nuclear factor kappa beta 1 (VFKBI).
Values are plotted as unadjusted proportions with corresponding p-value.

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 21

Alexander et al.

'80°0 = VISINY ‘S/6°0 = 14D ‘T000°0 > d ‘Jp 22 ‘vvz'8. = Zuo ‘sjusuodwod d1respenb pue Jeaul] Yum [apow anInd yimolB jusie| sadojs Jeaul| wopuel pue sydadssiul Eoucmm\

"3]qel1[aJ 8 0} 9Z1S SSe|d ® |jews 001 — (3jdwies ayl 40 949°9) SUOIRAISSGO 9Z AJUO PauUIRIUOI UOIIN|OS
SSB|9-E 8} Ul SSB|O 8UO ‘UONIN|OS SSBJI-E U} 10 J3j[ews sI D1g ayr yBnoyyfe ‘Jayung uedniubis sem YA A U3 puB UOIIN|OS SSB[O-T dY} UBY) J3][BWS SeM D] ay} asnedaq ‘palos|as sem |apow sse|o-z,

'680°0 = VASINY ‘v96°0 = 14D ‘T000°0 > d ‘4P 22 ‘900°06 = ZUo ‘syusuodwiod d1jelpenb pue Jeaul| Yim [apow aAINd Yimoub jusie| sadojs Jeaul| wopues pue sydaassiul E_u_ucmw_\u
"|opOW SSB[O-T-M 8y} UBY) J1a11aq eIep aU} SHJ [9POW SSB[O- 8yl 18yl 2UapIAS SapIAoid 1531 HINTA aU3 ‘JuedIubls Usym “HIATA 8yl 104 ansiels Z!U0 3 st anfea siy 1

*3]qeI|21uN Sem [apoW SSe|o-f 8y} 404 UOITBWINSS 3y Teyy Buireaipul ‘(ajdwies ay) 4O 9/°2) Sased QT AJUuo pey SSse|d auo pue ‘a}iuLap aARIsod 10U 31aM Sasse|d

OM] 10} S8OLITELL 0UBLIEAOD 3]GRLIEA JUSJR| U} J9|[ELS SBM [9pOLW SSe[o-i au 10y D1g 8yl yBnoylfe “Jaylin |apow Ssejo-z syl ueyl D1g Jajfews e BuiAey s)i UO paseq ‘palos|as Sem |apow Ssejo-€ ay kq

8/0°0 = VASINY ‘SS6°0 = 14D ‘T000°0 > d ‘4p 22 ‘¥S.¥. = 2o ‘syuauodwiod o1jelpenb pue Jeaul] UM [apow aAINd YimoaBb Jusiel sadojs Jeaul| wopuel pue sydaalsiul Eoccmw_m

G0 <d="su‘too >d

KK

‘10" >d

*¥

‘50" >d
x

's'u08eee 8’0 6¢€',¢8S | ¥6L°L2LS | L68'8E8C— | SSEIO-E

1 99E°09 8050 | Terezes | vioevis | Leo'ssge- | 65BIOC

e/u B/ 86T'8v8s | ovr96.5 | Oczgege— | 45EIOT

700 [e0L

suS9V'vE 6890 £90'8922 | T19'999L | SOE'0T8E- | SSEIO-E

»ex EV9CIC | 1990 | 059'2922 | 92071692 | 85 Lzge- | 95SBIOC

/U e/ 806'558. | 9Tzv08. | 80T'688e- | HSSEIOT

Burag-11am e1o0s

B/U crL0 169221 | 9VEVSIL | €LT°96LE~ | SSEIO-¥

<uE6E'60T 0990 | 6ec86LL | 298'869L | sevvege- | ¢SSBIO¢E

SCO°E0T ovs'0 | 8s8°T.8L | 6529622 | oeT688- | sselo-z

e e 010'686L | ¥8z'288. | 2voosee- | £SSBIOT

Butag-1am [edtsAud

odWTIA | Adonuz olg oIV 1 NIND

SIUBLLSSASSY UAASS JaA0 SlUalted Jaoued 1sealg 40J suoinnjos NS OO [e10L pue sajeasgns Butag-|japn [2100S pue [eaisAyd 1oy saalpuj 14

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 22

Alexander et al.

159) O17R1 POOYII8X1] UIgNY-]18PUBIAI-07-BUONA = HINTA ‘Uonewixoldde Jo 10118 asenbs uesw 1004 =
VISINY ‘a4 40 Aifenb = 100 ‘pooytaxi] Boj = 77 {|apo aInIXIw Yimoih = WIND ‘Xapul 11y aAIeIedWod = |40 ‘UOLISIID UOIBWLIOU| UBIS3ARY = D19 ‘BLIsiD UOITRWIOU| 8)IBYY = D]V :SUONRIARIGYY

19pOLU SSBJO-E 8} J0J JURILIUBIS 10U SI HIATTA 8U1 “Jayun4 “HINTA JUediubIs e pue D1g 1sa]jews ayl Buiaey )i UO paseq ‘palos|as Sem [apow sseo-Z;

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 23

Alexander et al.

10113 pJepuels = 3 ‘8411 40 Anfenb = 700 GuLIIUBIS 10U = 'S'U {[3POW BAMXIW YIMOIS = NND :SUONRINBIGY

0197 Je paxid,

“UOITRWINS3 A0 0} 018Z T8 PaX1y 31aM saoueLIeA adols d1reIpeNnd) "PoOY1|aY 1| WNWIXBW 1SN0 UM PBUIBGO 813M SSIRWISS [POW SINIXIW YIMOID

q

‘sanjIqeqold ssejo jusie| A1) 1S0W J18Y) UO Paseq S[enpIAIpUI JO UOIRDILISSE[O 10y aJe sazis dnoih boso.@._.w

100" >d
KKK
‘70'>d
£
‘50" >d
o
(€000, 2700 | (£00'0) suz000 | (0T0°0),,, V500 20 (t100),,,€600 [ (0T00),,8200 | (S00°0) u0000 adojs Jeaur
(ev10),,,792T | (921°0),,, €560 | (21€°0),,, 012 | (25T0),,,86L0 | (6E€0),,, €6TC | (TT€0)su9950 | (S0£0) <ub8E0 1deouayu]
(3S) soueLieA (3s) aoueLeA (3S) aoueen SaoUBLIBA
(6000),,,2€00 | (5000),,9700- | (210°0),,,5500 | (L000) subOO'0- | (670°0),¥v0°0- | (ze00),,, 2870 | (900°0),, 6100 adojs aneIpEN)
(1900),,, 1620~ | (620°0),,,2020 | (160°0),,,STv'0~ | (8v0'0) susBO0 | (9TT°0), 2820 | (26T°0),,,T52T- | (Tv0°0),, 9TTO- adojs Jeaur
(o17°0),,,€09 | (TeT0),,, €969 | (oL10),,, LeLs | (eL10),,, 806 | (e820),,,L959 | (1sz0),,, 8618 | (v8T°0), , , E€8'8 1dsasapy|
(3s) ueay (3s) ueaiy (3s) ueay
(%€'25) Lze=u | (%Ler)69T=U | (%zor)28T=U | (%8€S)cTz=U | (%v'82)2TT=U | (%Z6T)9L=uU (%%'29) 02=U | sarewinsg Jarewere
700 Jamo] 7100 J8ybiH 100 Jamon 100 J8ybiH 7100 Jamo] 100 buibueyd 100 48ybiH q Hed d
700 [e1oL Buteg-118m [e1o0s Bureg-|1am eatshud

$8109S 100 [L101 pue ‘Buiag-jjam [e100S ‘Buiag-|jam [ea1sAud 8yl J0J SUOIIN|OS SSe|D 1UaleT 8yl J0) Sajewnsy Jaisweled ININD

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 24

Alexander et al.

(7'2€) 1L (T'6€)7S (z'9¢) 5 (6'6€) TL (9°0€) 92 (5'8¢) S 9 TV)VL 000'00T$<
y9T =d'n (8'9¢) 02 W v9 | zer=d'n | (928) 95 (8ev) 8L | 1<z 800 =d ‘MM (Tve)6e (5'8¢) Gz (6'7%) 08 666'66-000'0€$
(8'52) 6Y (s'vT)0Z (z'92) 6 (e91)62 (e'58) 0g (T'e2)st (seT)ve 000°0€$>
awoau|
Jay0/punoiboeq
(zyT)ze (Tom)LT (r'¥1) 92 (6°0T)ET (7'¥1)9T (8'sT)zT (zo1) 12 d1uy1e paxiin/oluedsiH
(0'sT)ve (56)9t (gsT)82 (56) 02 (08102 (SvT) 1T (L'8)8T 13puels| dly1oed/UBISY
o6T = d (26) 2e (Lom)sT (1) 92 (99) ¥T (zom)sT (som)8 (8'9) ¥T oelg
LIy =X (T19)8eT | (9'69)LTT e ow.Am d (8'59) 0T | (0€L)¥sT mwm.m d (r'19)L8 (¢69) G (e'vL)esT aNUM
C6ET =X 9L'6T=¢X Aoy
(%) u (%) u (%) u (%) u (%) u (%) u (%) u
0<t
160 =d 098G =d 900" =d
99'T-=1 (T9)Tle (19292 G5'0-=1 (T9)0°L2 (z9) 99z AEEE] (92)z8e (o9 tLe (1°9)6°5¢ (vu/B3) xopul ssew Apog
0<t
286 =d co00'=d 8102S aJreuuonsan®
L6y =d‘89°0-=1 62y Loty 200-=1 62y 8o e 209=4 (ze)og 627y (g2) 8¢ Apigiowod passisiulipe-y|8s
190>
T00>d 100 >d 2102s
z00'=d‘soe=1 | (0TD)6'T6 | (0'6) 0'G6 50'g=1 (€T 06 (9'8)2'36 Yovy =4 (renzos | (L2 €s6 (6'9)'96 Sn1elS souBLLIoyIad Asjouley
186 =d 9y9 =d
Teg =d'v90-=1| (L2)8sT (92)9°5T ¥50-=1 (L2)8st (L2)9sT vro=4d (92)5°sT (LoLst (L9sstT (steak) uoneonp3
0>2%®
100>d 1100°>d
100> ‘Ty'y =1 (zToges | (8TD)6°LG G/6=1 (re)ser | (2T1)965 €,0z=4 (6'6)€°05 (8Tm)8CS | (€TT)EBS (s1eaf) aby
(as) uesn | (as) uesiN (as) uesn | (as) uesiy (as) uesy | (as) uesin | (as) uesiy
(9%€°29) (%L72y) (%z9v) (968°€9) (%¥'82) (%2'6T1) (%t'29)
lgz=u 69T=U Z8T=u Zrz=u 21I=u 9/=u L0z=u
100 100 100 100 (2) 100 (1100 (0) 100
SanseIS J8moT] JaybiH Sa11s1IeIS 18moT] J1aybiH sansne1s 13m0 Buibueyd JaybiH
100 [e10L Buteg-118m [e1o0s Buteg-11em [ea1shud onsuaIoRIRYD

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.

sasse|D (T00) a1 Jo Auend [e10L pue Bulag-[|aMn [e190S ‘Bulag-|1apn [ed1sAud ayl usamiag sonsiiaoeleyd [edalul]d pue alydeibowaq ul ssaualayld

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Alexander et al.

Z>1
voT =d 100" >d 100" >d
34 (522) 18 (L91) 82 EE| (z'0g) 5§ TT) 2 8198 =X (€'68) v (z6) L (9°€1) 82 (s8A 95) X 1O JueAn(peosN
e1L =d 180" =d 10z =d (saA op) A1abuns
EE| (§z2) 18 (8'02) g€ EE| (8'52) L (5'87) 6 17e =X (L12) 18 (7'87) ¥T (6'6T) T JO W 81 Te UONINIISUOIBI 1Sealg
0<Z®1
820" =d 100 >d 900" =d
EE| (6'TY) 56 (0'1€) 28 EE| (5°6v) 06 (5°92) 95 0€°0T = ;X (9'7v) 05 (T'9v) 5¢ (9°62) 19 (s9h %) ANV
Ggz =d €65 =d 816 =d
EE| (9¥8) z6T | (5°08) 9€T EE| (tve)est | (918) €LT €T =X (5'62) 68 (6'28) €9 (Sv8) ST (saA o) Asdoiq spou aunuss
Awoloase\
668 =d (€°02) o7 (g'6T) €€ vSz =d (522 17 (5°21) L€ 68¢ =0 (1v2) 12 (7'81) ¥T (6°21) L€ UOI1eAIBSUOD 1Sealg
EE| (62) 18T | (5°08)9€T EE| (1) 191 | (§28) 6T 68T = ;X (6°52) 58 (918) 29 (T28) 0.1 Juswyeas [eaifing
(901) 2 (Lv)8 (ST1) T2 (z9) 1T (6'8) 0T (z6)L (z2)stT AlPUe ‘o111 ‘glil ‘vl
I<0 rmwve | (@ioor I<0 ()12 | (88219 1572 @or)sy | (reviee | (562) 19 gli pue vii
100'=4"'N (0eg) sL (osv)9s | 100>d'n [ (gog) 95 (8'7¥) g6 220" =d ‘M (0ee) L (5se) L2 (0'zw) L8 I
(0'sT) € (T'e2) 6 ('sT) 82 (zT2) o7 (6'21) 02 (8116 (e12) v »0
aseasip Jo abe1s
0>2%1
100>d €00'=d
ze0 =d3ad (869) €T | (S00)LTT EE| (8'29) €6 (6'€2)€ST GETT =X (£'59) 65 (¥'s9) T (T2t (saA ) esnedousw ybnoiy) suon
8vs =d 6eL =d
ge9'=d3a4 (6'22) 18 (0'52) 2 34 (8'T2)6E (8'72) 28 19'0=¢X (§z2) a¢ (0'22) 02 (6'22) Ly (s34 %) auofe sanIT]
ege =d goz =d
09¢ =d34 (09v)eotT (6°09) 98 EE| (8'sv) 28 (509)20T 6Te=2X (7' Tr)9r (0'sv) 9¢ (6'19)20T (s9K 95) Aed 104 >p10M
gg) =d 197°=d
816" =d 34 (0°zv) v6 (rTr)oL EE| (82y) LL (8°0v) 98 G9€=2X (Tvv)6r (e'6v) L€ (r2€) 1L (9K %) pasauried/patLeiN
(as) uesy | (as) uesiy (as) uesy | (as) uesiy (gs) uesy | (@s) uesN | (@s) uesiny
(9%g'29) (%22¥) (%2'97) (9%8°€9) (%¥'82) (%2'6T) (%¥°29)
lTz=u 69T=U Z8T=u ZTZ=u 211=u 9/=u L0z=u
100 100 100 100 (2) 100 (1)7100 (0) 100
so1sIe1s J1amo JaybiH sonsne1s Jamo JaybiH (NS J1amoT] Buibueyd JaybiH
700 el Buteg-11s [e1o0s Buteg-11s [eaishyd onsisloRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 26

Alexander et al.

1591 N ASUNYM UUBIA = ) ‘UOHIBIABP pJepuels
= @s "Adesau uoleIpes = 1Y ‘pasenbs JaJal = LU 13} SIIEM-[BSNIN = M ‘sweiBoi = By s3] 19ex3 Jaysid = 3o ‘Adesauiowayd = X 1O ‘Uoassip apou yduwiA|l Asejjixe = ANV SuoleIAaIgqY

dnoJb aouaiayal =
¥

<71
0<Z%®1
100" >d 100" >d 100" >d (sok
EE| (r'sv) €0T (8'27) 08 ER| (Z'9v) v8 (9'z2) 8y S6'6€ = X ('8¢8) ey (5°09) o (€12 v %) SLIUOW 9 3811y BY} Bulnp X190
0>7
vz0 =d 200" =d 910 =d (sok
34 (519) 21T | (€7€9) 20T EE| (v'8v) 88 (Z'%9) 9T 1z8=2X (8'19) 85 (T'9v) 5¢ (e€9) TET %) Sypuow 9 1114 8y1 Bulinp 1y
(as) uesy | (as) uesiy (as) uesy | (as) uesiy (gs) uesy | (@s) uesN | (@s) uesiy

(9%g'29) (9%227) (%2'97) (9%8°€9) (%¥'82) (%2'6T) (%¥29)

lTz=u 69T=U Z8T=u ZTz=u 21T=u 9/=u L0z=u

100 100 100 100 (2) 100 (1)7100 (0) 100

sonsIe1s J1amo JaybiH sonse1s Jamo JaybiH $o1IS11e1S J1amoT] Buibueyd JaybiH
700 el Buteg-11sm [e1o0s Buteg-11sm eaishyd onsialoRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 27

Alexander et al.

AJ1wiBL19ans 10108) SIS0J29U J0WN] =+SN.L ‘NSIY dAIRIRY = HY 7 819q eddey 10198) 423Ny
=Z2G>-HN ‘SNIeIS 80UBWIONRd ASJ0UIRY = SA ‘8 0UBbIf SUIIOWAYI = §TIXD |9POW aIMXIW YIMOIB = NND ‘[eAlsiul 8ouspiuod = | ‘Adessyiowayd = X 1D ‘Xapul ssew Apog = [|Ng :SUONRIASIGQY

"(X 1D weanlpe “a'1) A1abins Buimoj|oy syuow
91513 31 Burinp X 1.0 panisoal juaited sy} Jayiaym pue ‘|G ‘8100 SdM ‘abe ‘(V+VD SNsIsA 99 :£89008TSI/SINL WV +VD SNSIBA 99 :6¥8Y/STTSICIMAN WV SNSIBAVL+11 :€/07S1870XD)
adAiousf papnjoul [apow yaes ul palen|ens si011pald "(UMmoys 1ou elep) A3o1Uyls Jo adel 01 anp Bulpunojuod enuslod Joy isnlpe 01 s|apow ||e ul paurelal alam (Jayio/punoifbixaeq o1uyle paxiwyoluedsiH

‘Japue|S| dI419Rd/URISY Yoe|g ‘DUUAA “'8'1) AlID1UyIa/ades paliodal-}|as Se [|aM Se SIaxJew aAliew.oul Asadue Jo SisA[eue ay) woly paryiuapl sjusuodwod fediouiid 81yl 141 8y} ‘|apow Yaes 1o 810N

6SEZ°0 = 2o opnasd 100> d ‘ZG'6ET = ;X 1) [9pOW [[BIAAO
ase YT'T- | OV9'T '8¥2°0 2520 ¥9'0 X 19 eAnlpy
62 860 | ¥TIT'T 9560 €€0°0 €0'T INg
100> | SL€- | 0.6°0'0.8°0 1200 260 81005 SdM
o0’ 00Z- | 800T €160 0200 960 aby
sasse|d Bulag-|1a/n [ed1sAyd Jamo
30} 8’z | S0ZL'vE0'T L0T'T €L £89008TS! 4SIN.L snsian Buibueyd
90£2°0 = ¢ 0pnasd 700> d ‘0€'LET = ;X 13 |3pow |[_IBAO
oIT 1ST- | 08€T 1120 2120 50 X 12 ueAnlpy
e LTT | 6TT'T ‘2960 £€0°0 v0'T INg
200° 0T'e- | 98670 '888°0 0200 €60 81008 Sd
g20° v2'z- | €001 '0T6°0 0200 96'0 aby
sasse|d Bulag-|1apn [ed1sAyd Jemo
910’ Zr'z- | 98670 '850°0 770 v20 6V8YLSTTSIZMAN snsJan Buibueyd
¥€€2°0 = 24 opnasd 000> d ‘0Z°0FT = X 1) [9POW [[BI3AO
100> 8¢ | S19'8'€29°T Y0€'T vL.e X 10 eAnlpy
910’ 7z | €297 T00°T €00 80°T INg
6eT’ 8y'T- | T20'T 'ST6°0 2200 160 81008 SdM
€00° 86— | 06670 'TT6°0 9700 G660 aby sasse|9 Bulag-||sm
[eaisAyd Buibueyd
200° eTe- | 289°0'950°0 20T°0 020 €L07S1870X0 snsiaA JaybiH
uosrredwo)
anfea-d z 1D %56 10443 piepurls | oney ¥y J011pald sse[0 WD

Bulag-119M [ea1sAud Joy sasse|D 1uale] ayl Buriedwo) sadA1ouss) 4SANL pue ‘2a>4N ‘810X 10} sasAjeuyy uolssalbiay 211s1607 JeulplO

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 28

Alexander et al.

'SNIRIS SOUBWLIOMSd AYSJOUIRY = S 219g T upnajsiul = g7/ ‘[3pOoW aInxiw YMolB = NN ‘[eAlaiul 99Uapiuod= | ‘Adessyiowsyd = X1 :SUONRIAIGQY

(X102

jueAn(pe “a'1) A1abins Buimojjoy syruow 9 1saiy ayy Buunp X1 paAladal Juaired ayl Jayiaym pue ‘(siuawialoul uiod-QT Ul) 8109S SdM ‘(Sluawaioul Jeak-gT ul) abe ‘(DD+09 SnsIan 99 :£Z9eyTTSIGIT/)
adAiouaf papnjoul [apow yaea ul pajen|ens s10121pald "(UMOYS Jou elep) A3D1uyls Jo ades 01 anp Buipunoyuod [enualod Joy Isnlpe 01 S|apow |[e ul paurelal a1am (Jayio/punoifbxoeq o1uyle paxiwyoluedsiH
‘J9pUB|S| JII9Rd/URISY YIe|g ‘SUUAA “8'1) ANID1UyIa/ade) paliodal-}|as Se [[aMm Se SIadJew aAlfew.ojul Asadue Jo sisA[eue ay) woJj paryuapl sjusuodwod ediourid 8a1y) 111 8y} ‘|9pow Yaes 04 :9J0N

G2€2°0 = 24 T000"> d opnasd ‘9556 = ;X I [9pOW |[BIAO

L00° T2 | Se6€ 'LvTT Lv90 12T X190 ueAnlpy

1000 | 6€°€- | 1080 'LEV0 1600 650 81008 SdM

700> | 88'G- | L850 '0T€0 2900 o aby
810’ LET | ovEE 2T 0rs0 v6'T €29EVTTSIGIT/ | BuIag-||aM [e100S JamoT snsian JaybiH

anpea-d z 1D %56 Joa43 paepuels | oney sppo 10101paid

Bulag-|19/ [e190S 10y sasse|D uare] ayl Buredwo) adAlouss) G171 40} sasAeuy uolssalbiay ans1bo ajdniniAl
G 9|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



Page 29

Alexander et al.

“T e19q eddey 10108} JB3JONU = TG/~ ‘SNIBIS 0URLLIOLIad AYSJOUIRY = SdM ‘ST UINaIaIUI = £77/ 4|3poW aImxiw ymolb = NIND ‘Adelaylowayd = X 1D ‘[eAIs1ul 30UapIIUOd= | SUOIRIABIGGY

(X 1D weanlpe ““a'1) A1abins Buimojjoy syuow 9 Isiiy
ay3 Bulinp Ade.ayiowayd paniadal Jusiied sy Jayiaym pue ‘(siuswialoul Julod-QT ul) 8109s S ‘(siuswaloul 1esk-0T ut) abe ‘(99 snsIsn OV+VY :8908797SI TGN ‘DD+IV SNSIOA WY :/GT88TSIETT/)
ad/Aousb papnjoul [apow Yyaes Ul paen|eAs s101dipaid (Umoys 10U elep) A1d1uyls Jo oed 0} anp Bulpunojuod [enusiod 1oy 1snlpe 01 s|apouwl |[e Ul paurelss aiam (Jaylo/punolBoeq oluyle paxiw/oluedsiH
‘19pUB|S| J141984/UBISY Yoe|g ‘BUUM “'8'1) AIDIUYIa/a0e) PalIodal-4|as Se [|aMm Se Siaxlew aAlrewlojul A11sadue Jo sisAfeue ay) WwoJlj paiiuapl sjusuodwiod fedioutid 881yl 11 Y3 ‘[apow Yyaes 104 810N

097T°0 = 24 opnasd 000> d '2¥°09 = X 1 |3pow |[IaA0
100> | 00S | ¥89°L ‘6E¥°C 1927 ey X190 eAnlpy
200° v0'€- | €580 ‘6.0 7600 ¥9°0 21095 Sd
00’ LT'Z- | S26°0'809°0 0£6°0 10 aby
700 el
S00° v8'C | 9€8'9°0ZF'T 67T [A%> 8908Y9YSI IGM<N | 1amo snsien JaybiH
8910 = 24 T000"> d ‘6£°09 = ;X :}1J [9POW [[BIAAO
100> | S6'v | €65°L ‘20V'C ¥SZ'T ey X190 eanlpy
200° vT'e- | ¥€8°0'SSr0 G600 290 8100S SdM
920" 0T'z- | ¥86°0'GT9°0 £60°0 8.0 aby
100 el
€€0° ere | T20e Lp0T 1870 8LT LSYT88TSIETT/ | 1amo] snsian JaybiH
anpea-d z 1D %656 J0413 paepuels | oney sppo J0101paid

3l Jo Aupend [e101 1o} sasse|D jusre] ayr Buredwod sadAlouss TGMAN pue £T71 404 sesAjeuy uolssalbay ansibo sidnniy

Author Manuscript

9 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Pain Symptom Manage. Author manuscript; available in PMC 2019 February 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Patients and Settings
	Instruments
	Study Procedures
	Genomic analyses
	Gene selection
	Blood collection and genotyping
	SNP selection

	Statistical Analyses for the Phenotypic Data
	Statistical Analyses for the Genetic Data

	RESULTS
	GMM Analyses
	Physical well-being
	Social well-being
	Total QOL
	Candidate Gene Analyses
	Physical well-being
	Social well-being
	Total QOL

	DISCUSSION
	Demographic and Clinical Characteristics Associated with Latent Class Memberships
	Polymorphims Associated with Latent Class Memberships
	Conclusions

	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6



