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Phenotypic and Molecular Characteristics Associated With
Various Domains of Quality of Life in Oncology Patients and
Their Family Caregivers
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PhD?, Bradley E. Aouizerat, PhD, MAS3, and Christine Miaskowski, RN, PhD2

1School of Nursing, Queensland University of Technology, Brisbane, Australia
2School of Nursing, University of California, San Francisco, CA, USA

3School of Dentistry, New York University, New York, NY, USA

Abstract

Purpose—Not all oncology patients and their family caregivers (FCs) experience the same
quality of life (QOL). The purposes of this study were to identify latent classes of oncology
patients (n=168) and their FCs (n=85) with distinct physical, psychological, social, and spiritual
well-being trajectories from prior to through four months after the completion of radiation therapy
and to evaluate for demographic, clinical, and genetic characteristics that distinguished between
these latent classes.

Methods—Using growth mixture modelling, two latent classes were found for three (i.e.,
physical, psychological, and social well-being) of the four QOL domains evaluated.

Results—Across these three domains, the largest percentage of participants reported relatively
high well-being scores across the six months of the study. Across these three QOL domains,
patients and FCs who were younger, female, belonged to an ethnic minority group, had children at
home, had multiple comorbid conditions, or had a lower functional status were more likely to be
classified in the lower QOL class. The social well-being domain was the only domain that had a
polymorphism in nuclear factor kappa beta 2 (NVFKBZ2) associated with latent class membership.
Carrying one or two doses of the rare allele for rs7897947 was associated with a 52% decrease in
the odds of belonging to the lower social well-being class (OR (95% CI) = .46 (.21, .99), p=.049).

Conclusions—These findings suggest that a number of phenotypic and molecular characteristics
contribute to differences in QOL in oncology patients and their FCs.
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Introduction

Unidimensional or multidimensional instruments can be used to evaluate quality of life
(QOL). When viewed as a unidimensional concept, QOL is assessed using a single item or
reported as a total score from a multi-dimensional instrument. When viewed as a multi-
dimensional concept, various domains of QOL are assessed [1]. While the specific QOL
domains vary across instruments, the most common domains included are physical,
psychological, social, and spiritual well-being [2]. Moreover, while a total score provides an
overall assessment of QOL, analysis of each QOL domain can provide valuable information
on specific aspects of health and well-being [3].

Studies of the effects of cancer and radiotherapy (RT) on oncology patients’ and their family
caregivers’ (FCs) QOL have produced inconsistent findings. In some prospective studies, the
physical [4-9] and social [7,9-11] domains of patients’ QOL deteriorated during RT. In four
other studies [6,12-14], the psychological domain of QOL improved during RT. In contrast,
in five studies [15-19], the physical, psychological, and social domains of QOL did not
change during patients’ RT. Only two small prospective studies were found that assessed the
spiritual domain of QOL in patients undergoing RT [20,21]. Few changes in spiritual well-
being were identified during RT. However, in one study [21], the measurement of spiritual
well-being was not reliable. In the second study [20], a conceptual overlap existed between
the psychological and spiritual domains. These inconsistent findings suggest that RT may
have an impact on various domains of QOL. However, a large amount of inter-individual
variability exists in patient’s responses and predictors of these responses warrant
investigation.

The QOL of FCs can be affected by the physical, emational, and financial burden of caring
for someone with cancer [22—24]. In addition, many FCs have comorbidities that may affect
their QOL [23]. Two reviews of QOL in FCs of oncology patients reported that the majority
of studies were cross-sectional and compared patients’ and their FCs’ psychological health
[25,26]. Of note, FCs experience similar levels of psychological distress and depressive
symptoms as patients [27-34]. In two studies [34,35], the physical and social domains of
QOL were negatively impacted because FCs experienced multiple symptoms as well as
increased responsibilities and caregiving demands. In terms of the spiritual domain of QOL,
two studies reported that lower spiritual well-being was a predictor of FCs’ psychological
distress [36,37]. In another study [38], spiritual well-being scores of FCs were higher than
the scores on the other domains of QOL.

Most of the studies on the various domains of QOL in oncology patients and FCs have
“averaged” the scores on the instruments. This approach does not account for inter-
individual variability in the various domains and may contribute to the inconsistent findings
reported in the literature. Newer statistical methods for analyzing longitudinal data (e.g.,
latent class analysis) allow for the identification of subgroups (i.e., classes) of individuals
with distinct QOL trajectories [39]. Only three studies were identified that used latent class
analysis to identify subgroups of oncology patients with distinct physical, psychological, and
social domain trajectories [40-42]. Across these three studies, the majority of patients
experienced high and stable trajectories of physical, psychological, and social well-being.
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However, smaller subgroups of patients were identified who experienced significantly worse
trajectories of physical, psychological, and social well-being. No studies were identified that
used latent class analysis to evaluate the spiritual domain of QOL or changes in the
trajectories of the various domains of QOL in FCs.

Using growth mixture modeling (GMM), we identified two latent classes of oncology
patients and their FCs using their total QOL scores [43]. One latent class (61.7%) consisted
of individuals with a higher QOL trajectory. The second class consisted of individuals
(38.3%) with a lower QOL trajectory. Patients and FCs were more likely to belong to the
lower QOL class if they were: younger, identified with an ethnic minority group, had poorer
functional status, and had children living at home. In addition, individuals with one or two
doses of the rare C allele of interleukin 1 receptor 2 (/L1R2) rs4141134 had a 64% decrease
in the odds of belonging to the lower QOL class. In contrast, individuals with two doses of
the rare G allele for nuclear factor kappa beta 2 (MFKB2) rs12772374 had a 47.7 fold
increase in the odds of belonging to the lower QOL class. These findings add to the growing
body of evidence that QOL has a genetic basis [44].

Cytokines are associated with inflammatory responses and sickness behavior [45].
Therefore, one can hypothesize that molecular mechanisms associated with inflammation
may influence the various domains of QOL [46]. Only one study of mid- to long-term lung
cancer survivors was identified that evaluated the association between cytokine genes and
various domains of QOL [47]. In this cross-sectional study, variations in pro- and anti-
inflammatory cytokine genes were associated with changes in physical functioning (i.e.,
IL1B, IL10, IL1 receptor antagonist (IL1RN)), mental health (i.e., /LIRN), emotional role
functioning (/L6), and social functioning (i.e., /L6, IL1RN, tumor necrosis factor alpha
(TNFAY)). While this study provides evidence that variations in cytokine genes are associated
with multiple domains of QOL in lung cancer survivors, additional research is warranted to
identify these types of associations in patients undergoing active treatment, as well as in
their FCs. Therefore, the purposes of this study in a sample of patients who underwent RT
and their FCs, were to identify latent classes of individuals with distinct physical,
psychological, social, and spiritual QOL trajectories. In addition, this study aimed to
evaluate for differences in phenotypic characteristics and genetic variations in pro- and anti-
inflammatory cytokine genes between the identified latent classes.

This descriptive, longitudinal study is part of a larger study that evaluated multiple
symptoms in patients who underwent primary or adjuvant RT for breast, prostate, lung, or
brain cancer and their FCs [48]. We provide an abbreviated version of the methods below. A
more comprehensive description of the methods is described elsewhere [43,48].

Study Procedures

This study was approved by the Committee on Human Research at the University of
California, San Francisco and at the second site. Prior to RT, patients and their FCs were
recruited from two RT departments. Patients and FCs who met the eligibility criteria and
gave written informed consent completed enrollment questionnaires. Participants completed
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follow-up questionnaires at 4 weeks after the initiation of RT, at the end of RT, and at 4, 8,
12, and 16 weeks after the completion of RT.

Instruments

Participants completed a demographic questionnaire and the Karnofsky Performance Status
(KPS) scale [49]. Patients completed the Quality of Life-Scale-Patient Version (QOL-PV)
and FCs completed the Quality of Life-Scale-Family Version (QOL-FV) [50,51]. The QOL-
PV is a 41-item instrument that measures four domains of QOL in oncology patients as well
as a total QOL score. Each item is rated on a 0 to 10 numeric rating scale (NRS) with higher
scores indicating better QOL. The QOL-PV has established validity and reliability [50-53].
In the current study, the Cronbach’s alphas for the QOL-PV physical, psychological, social,
and spiritual wellbeing subscales were 0.82, 0.94, 0.85, and 0.72, respectively.

The QOL-FV is a 37-item instrument that measures the QOL of a family member who is
caring for a patient with cancer on four domains. Each item is rated on a 0 to 10 NRS with
higher scores indicating better QOL. The QOL-FV has established validity and reliability
[2,53]. In the current study, the Cronbach’s alphas for the physical, psychological, social,
and spiritual well-being subscales were 0.72, 0.90, 0.84, and 0.67, respectively. In this study,
the QOL scores for each domain, which is the mean score of the items corresponding to each
domain, were used in the subsequent analyses.

Methods of analysis for phenotypic data

Data were analyzed using SPSS Version 22 [54] and Mplus Version 6.11 [55]. Descriptive
statistics and frequency distributions were generated on the sample characteristics. GMM
with robust maximum likelihood estimation was used to identify latent classes (i.e.,
subgroups of participants) with distinct QOL trajectories (i.e., physical, psychosocial, social,
spiritual well-being scores) over the 6 months of the study [39].

The GMM methods are described in detail elsewhere [56]. Briefly, separate GMM analyses
were done for each QOL domain. A single growth curve that represented the average change
trajectory was estimated for the QOL domain. Then the number of latent classes that best fit
the data was identified using published guidelines [57-59]. Model fit was assessed
statistically by identifying the model with the lowest Bayesian Information Criterion (BIC),
by using the Vuong-Lo-Mendell-Rubin likelihood ratio test (VLMR) [57,58], and by
evaluating entropy values, with >.80 being preferred [55,60]. In addition, the best fitting
model was visually inspected to determine whether the predicted trajectories “made sense”
theoretically and clinically [39].

For each QOL domain, independent sample t-tests and Chi-square analyses were done to
evaluate for differences in phenotypic characteristics between the GMM latent classes.
Because 65% of the participants were in patient-caregiver dyads, models were estimated
with “dyad” as a clustering variable, to ensure that any dependency between the QOL
subscale scores for patients and FCs in the same dyad were controlled for in the GMM
analyses. Differences in phenotypic characteristics between the latent classes were
considered statistically significant at the p <.05 level.
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Methods of analysis for genomic data

Blood collection and genotyping—Genomic deoxyribonucleic acid (DNA) was
extracted from archived buffy coats using the PUREGene DNA Isolation System
(Invitrogen, Carlshad, CA). Of the 287 participants recruited, DNA was recovered from the
archived buffy coats of 253 (i.e., 168 patients and 85 FCs). No differences were found in any
demographic and clinical characteristics between participants who did and did not choose to
participate in the study or in those participants for whom DNA could not be recovered from
archived specimens.

Genotyping was performed blinded to clinical status and positive and negative controls were
included. DNA samples were quantitated and normalized to a concentration of 50 nanogram
(ng)/microliter (uL). Samples were genotyped using the GoldenGate genotyping platform
(IMumina, San Diego, CA) and processed according to the standard protocol using
GenomeStudio (Illumina, San Diego, CA).

SNP Selection—A combination of tagging SNPs and literature driven SNPs were selected
for analysis. Tagging SNPs were required to be common (defined as having a minor allele
frequency (MAF) of =0.05) in public databases. In order to ensure robust genetic association
analyses, quality control filtering of SNPs was performed. SNPs with call rates of <95% or
Hardy-Weinberg p-values of <.001 were excluded.

As shown in Supplementary Table 1, a total of 92 SNPs among the 15 candidate genes
(/FNG: 5 SNPs, IFNGRI: 1 SNP; /L1B: 12 SNPs; /LIRI: 5 SNPs; /L1R2: 3 SNPs; /L2: 5
SNPs; /L4 8 SNPs; /L6. 9 SNPs; /L& 3 SNPs; /L10. 8 SNPs; /L13. 4 SNPs; IL17A:5
SNPs; NFKBI. 11 SNPs; NFKBZ. 4 SNPs; TNFA: 9 SNPs), that passed all quality control
filters, were included in the genetic association analyses.

Statistical Analyses—Allele and genotype frequencies were determined by gene
counting. Hardy-Weinberg equilibrium was assessed by the Chi-square. Measures of linkage
disequilibrium (i.e., D’ and r2) were computed from the participants’ genotypes with
Haploview 4.2. Linkage disequilibrium (LD)-based haplotype block definition was based on
D’ confidence interval [61].

For SNPs that were members of the same haplotype, haplotype analyses were conducted in
order to localize the association signal within each gene and to determine if haplotypes
improved the strength of the association with the phenotype. Haplotypes were constructed
using the program PHASE version 2.1 [62]. Only haplotypes that were inferred with
probability estimates of >0.85, across five iterations, were retained for downstream analyses.
Haplotypes were evaluated assuming a dosage model (i.e., analogous to the additive model).

Ancestry informative markers (AIMS) were used to minimize confounding due to
population stratification [63—-65]. Homogeneity in ancestry among participants was verified
by principal component analysis [66], using Helix Tree (Golden Helix, Bozeman, MT). One
hundred and six AIMs were included in the analysis. The first three PCs were selected to
adjust for potential confounding due to population substructure (i.e., race/ethnicity) by
including the three covariates in all regression models.
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For association tests, three genetic models were assessed for each SNP: additive, dominant,
and recessive. Barring trivial improvements (i.e., delta <10%), the genetic model that best fit
the data, by maximizing the significance of the p-value, was selected for each SNP.

Logistic regression analysis, that controlled for significant covariates, as well as genomic
estimates of and self-reported race/ethnicity, was used to evaluate the relationship between
genotype and class membership for each domain of QOL. 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 [67].

As was done in all of our previous candidate gene studies [48,68—72], based on
recommendations in the literature [73,74], 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. Significant SNPs
identified in the bivariate analyses were evaluated using regression analyses that controlled
for differences in phenotypic characteristics, potential confounding due to population
stratification, and variation 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 associations are reported for all SNPs passing quality control criteria in
Table 1 to allow for subsequent comparisons and meta-analyses.

Participant characteristics

The majority of the participants were Caucasian, well educated, and married or partnered.
Patients made up 66.4% of the total sample. The mean age of the total sample was 61.4
years. On average, participants had greater than four comorbid conditions and a KPS score
of 92. Gender was evenly represented within the total sample with 46.2% male and 53.8%
female participants. Approximately 38.1% of the patients had breast cancer, 48.8% had
prostate cancer, 7.1% had brain cancer, and 6.0% had lung cancer. The majority of the FCs
(92.9%) was the patients’ spouses.

At enrollment, no differences were found between patients’ and FCs’ mean scores for
physical well-being (patients: 8.2 (SD=1.8), FCs: 8.1 (SD=1.7), p=.639), psychological
well-being (patients: 6.7 (SD=2.0), FCs: 6.6 (SD=1.7), p=.374), or social well-being
(patients: 7.2 (SD=2.2), FCs: 7.5 (SD=1.9), p=.280). For spiritual well-being, patients had a
mean score at enrollment of 5.4 (SD=2.0) and FCs had a mean score at enrollment of 7.2
(SD=1.5). This between-group difference in spiritual well-being scores was statistically
significant (p <.001) and clinically meaningful (effect size, Cohen’s d = 1.01) [75-78].

Physical Well-being

GMM analysis—For physical well-being, two distinct latent classes of individuals were
identified (Figure 1A). As shown in Table 1, a two-class model was selected because its BIC
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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 reasonable size and
interpretability [57]. The parameter estimates for the two latent classes are listed in Table 2.
The largest percentage of participants (58.5%) was grouped in the higher physical well-
being class. These participants had a mean physical well-being score at enrollment of 9.1
(SD=0.8), that remained relatively stable over time. The lower physical well-being class
(41.5%) had a mean physical well-being score at enrollment of 6.9 (SD=1.9) that remained
relatively stable over time. The between group difference in physical well-being scores at
enrollment was statistically significant (p <.001) and clinically meaningful (effect size,
Cohen’s d = 0.81) [75-78].

Phenotypic analyses—As summarized in Table 3, compared to participants in the higher
physical well-being class, participants in the lower class were younger (p <.001), were more
likely to be female (p = .003) and members of an ethnic minority group (p = .006), had a
higher number of comorbid conditions (p = .002), and had a lower KPS score (p<.001).
Post-hoc contrasts found that in comparison to Caucasian participants, participants of
Hispanic, mixed ethnic background, or other ethnicity were more likely to be members of
the lower physical well-being class (p = .003). Within the higher physical well-being class,
no differences in mean physical well-being scores at enroliment were found between
patients (9.2 (SD=0.8)) and FCs (9.0 (SD=0.8), p = .159). Within the lower physical well-
being class, no differences in mean physical well-being scores at enroliment were found
between patients (7.0 (SD=1.9)) and FCs (6.8 (SD=1.8), p = .580).

Genotypic analyses—In the bivariate analyses, two SNPs (i.e., /L1R2rs4141134, IL6
rs4719714), and one haplotype (i.e., /L1R2HapAl) differed between the two latent classes
for physical well-being (Table 4). For /L1R2rs4141134, a dominant model fit the data best.
For /L61s4719714, a recessive model fit the data best. However, the association between the
physical well-being classes and /L1R2rs4141134, /L 6rs4719714, and /L1R2HapAl did
not remain significant in the multivariable logistic regression analyses that included age,
gender, number of comorbid conditions, KPS score, and genomic estimates of and self-
reported race/ethnicity.

Psychological Well-being

GMM Analysis—For psychological well-being, two distinct latent classes of individuals
were identified (Figure 1B). As shown in Table 1, a two-class model was selected based on
the same criteria used for the physical well-being domain. In addition, each class in the two-
class model had a reasonable size and interpretability [57]. The parameter estimates for the
two latent classes are listed in Table 2. The largest percentage of participants (64.0%) was in
the higher psychological well-being class. These participants had a mean psychological
well-being score at enrollment of 7.6 (SD=1.3), which was relatively stable over time. The
lower psychological well-being class (36.0%) had a mean psychological well-being score at
enrollment of 4.9 (SD=1.5), which was relatively stable over time. The between group
difference in psychological well-being scores at enrollment was statistically significant (p <.
001) and clinically meaningful (effect size, Cohen’s d = 0.96) [75-78].
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Phenotypic Analyses—As summarized in Table 3, compared to participants in the
higher psychological well-being class, participants in the lower class were younger (p <.
001), were more likely to be female (p =.001), were more likely to be members of an ethnic
minority group (p < .001), were more likely to have children at home (p = .002), weighed
less (p = .011), and had a lower KPS score (p < .001). Post-hoc contrasts found that in
comparison to the Caucasian participants, participants of Asian or Pacific Islander ethnicity
or Hispanic, mixed background, or other ethnicity were more likely to be members of the
lower psychological well-being class (p = .005 and p <.001, respectively). In addition,
compared to African American participants, participants of Asian or Pacific Island ethnicity
or Hispanic, mixed background or other ethnicity were more likely to be members of the
lower psychological well-being class (p = .004 and p < .001, respectively). Within the higher
psychological well-being class, a statistically significant difference in mean psychological
scores at enrollment was found between patients (7.7 (SD=1.3)) and FCs (7.3 (SD=1.2), p
=.033). While this difference was statistically significant, the effect size was moderate
(Cohen’s d = 0.37) [75-78]. Within the lower psychological well-being class, no differences
were found in mean psychological well-being scores at enrollment between patients (4.8
(SD=1.6) and FCs (4.9 (SD=1.3), p = .845).

Genotypic analyses—In the bivariate analyses, four SNPs (i.e., /L1R1rs2110726, /L6
rs1554606, /L6rs2069845, and 7/NFA rs1800610) differed significantly between the two
psychological well-being latent classes. For /L1R1rs2110726, an additive model fit the data
best. For /L6rs1554606, /L61s2069845, and 7TNFA rs1800610, a dominant model fit the
data best. However, the associations between the psychological well-being class and these
four SNIPs did not remain significant in the multivariable logistic regression analyses that
included age, gender, having children at home, weight, KPS score, and genomic estimates of
and self-reported race/ethnicity.

Social Well-being

GMM Analysis—For social well-being, two distinct latent classes of individuals were
identified (Figure 1C). As shown in Table 1, a two-class model was selected based on the
same criteria used for the physical well-being domain. The parameter estimates for the two
latent classes are listed in Table 2. The largest percentage of participants (61.3%) was
grouped in the higher social well-being class. These participants had a mean social well-
being score at enroliment of 8.5 (SD=1.1), which was relatively stable over time. The lower
social well-being class (38.7%) had a mean social well-being score at enrollment of 5.5
(SD=2.0), which was relatively stable over time. The between group difference in social
well-being scores at enrollment was statistically significant (p <.001) and clinically
meaningful (effect size, Cohen’s d = 0.97) [75-78].

Phenotypic Analyses—As summarized in Table 3, compared to participants in the
higher social well-being class, participants in the lower class were younger (p <.001), were
more likely to be members of an ethnic minority group (p = .006), were more likely to have
children at home (p < .001), had more comorbid conditions (p = .033), and had a lower KPS
score (p <.001). Post-hoc contrasts found that in comparison to Caucasian participants,
participants of Hispanic, mixed background or other ethnicity were more likely to belong to
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the lower social well-being class (p = .003). Within the higher social well-being class, no
differences in social well-being scores at enroliment were found between patients (8.4, SD
1.2) and FCs (8.5, SD 1.0; p = .482). Within the lower social well-being class, no differences
in social well-being scores at enroliment were found between patients (5.4, SD 2.1) and FCs
(5.7, SD 1.6; p = .410).

Genotypic analyses—In the bivariate analyses, four SNPs (i.e., /FNG rs2069727, IL1R2
rs4141134, /L6rs2069827, NFKB2rs7897947) differed between the two social well-being
latent classes (Table 4). For /L1R2rs4141134, /L61rs2069827, and NFKB2rs7897947, a
dominant model fit the data best. For /FNG rs2069727, a recessive model fit the data best.
Controlling for age, having children at home, number of comorbid conditions, KPS score,
and genomic estimates of and self-reported race/ethnicity, the only genetic association that
remained significant in the multivariable logistic regression analyses was NFKB2rs7897947
(Table 5, Figure 2). Carrying one or two doses of the rare G allele (i.e., TT versus TG + GG)
was associated with a 54% decrease in the odds of belonging to the lower social well-being
class.

Spiritual well-being

GMM Analysis—For spiritual well-being, a one-class solution was selected because it had
the best model fit and a model with a larger number of classes was not supported (data not
shown; Figure 1D).

Discussion

This study is the first to use GMM to identify classes of oncology patients undergoing RT
and their FCs who reported distinct trajectories of physical, psychological, and social well-
being. For all three QOL domains, a larger class was identified who experienced relatively
high and stable trajectories and a smaller class whose trajectories were significantly lower.
Of note, only one latent class was identified for the spiritual well-being domain. In terms of
the percentages of participants with consistently higher domain scores, our findings are
consistent with previous reports [ [40-42]. Specifically, in two of these studies of breast [40]
and nasopharyngeal [41] cancer patients, that used the Medical Outcomes Study 36-item
short-form health survey (SF-36) and the Functional Assessment of Cancer Therapy—
General (FACT-G) respectively, approximately 43% to 85% of the patients were classified as
having high stable trajectories across the physical, psychological, and social QOL domains.

In the studies of breast [40] and nasopharyngeal [41] cancer patients, one to three latent
classes with lower physical, psychological, and social domain scores were identified. For
example, in the study of patients with breast cancer [40], three latent classes with lower
Mental Component Summary scores from the SF-36 were found. In contrast, in the study of
patients with nasopharyngeal cancer [41], two classes were identified with lower Emotional
Subscale scores on the FACT-G. In both studies, the trajectory of one of the lower latent
classes improved and another deteriorated over time. In our study, only one class with lower
scores on each QOL domain was identified and these scores remained stable overtime. A
number of factors may explain these inconsistent findings. First, the length of follow-up
varied between six months and fifty-five months. Second, different instruments were used to
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evaluate the various domains of QOL. Third, in one study, [40] some of the participants had
participated in a peer group or educational intervention on adjustment to cancer. Fourth,
sample sizes ranged from 253 to 363 which could influence the number of classes identified.
Additional research is needed to determine if the number and trajectories of classes
identified vary based on participant characteristics or the various phases of the cancer
experience (e.g., diagnosis, active treatment, survivorship).

This study is the first to identify a single spiritual well-being class for oncology patients and
FCs using GMM. Our finding that compared to patients, FCs reported higher spiritual well-
being scores at enrollment contrasts with two previous studies that found spiritual well-being
scores of patients and FCs to be comparable [79,80]. However, it is difficult to make direct
comparisons across these studies because of differences in sample characteristics, timing of
participant recruitment, and measures used to evaluate spiritual well-being. For example, in
one study [79] qualitative interviews were done with patients with advanced lung cancer and
their FCs to evaluate changes in spiritual well-being over time. In the other study [80],
spiritual well-being was evaluated in cancer survivors who were an average of two years
post their diagnosis and their FCs. Given the paucity of information on the spiritual well-
being of oncology patients and FCs, additional studies are warranted to confirm or refute
previous findings.

Common predictors of lower QOL domain class membership

Across the physical, psychological, and social domains, younger age, belonging to an ethnic
minority group, and having a lower functional status were associated with membership in
the lower QOL classes. In the two studies that used latent class analysis, younger age was
associated with lower psychological [42] and social [41,42] well-being trajectories in
oncology patients. While research on the predictors of QOL in FCs has focused primarily on
psychological well-being, one review of QOL among FCs of oncology patients identified
that younger age was a risk factor for poorer psychological outcomes [23]. One potential
explanation for the association between age and poorer QOL outcomes is that a diagnosis of
cancer and the impact of its treatment are outside of what younger individuals expect to face
at this stage in their life. Additionally, younger individuals are more likely to have
substantial family and career responsibilities that place an additional strain on their self-care
abilities [81].

In this study, participants who self-reported their race/ethnicity as Hispanic/Mixed
Background/Other were more likely to be classified in the lower physical and social well-
being latent classes. In addition, participants who self-reported their race/ethnicity as
Hispanic/Mixed Background/Other or Asian/Pacific Islander were more likely to be
classified in the lower psychological well-being class. Previous studies have found a similar
relationship between belonging to an ethnic minority group and poorer physical [82],
psychological [83], and social well-being [84]. These associations may be related to the
negative consequences associated with less education or lower household income [82]. In
this study, no associations were found between education or income and latent class
memberships. However, our findings need to be interpreted with caution because of the
relatively small numbers of individuals in each of the non-white ethnic groups. Alternatively,
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differences in the type and number of previous cancer treatments or cultural influences (e.g.,
language barriers, coping styles, lifestyle behaviours, social resources) may contribute to
differences in physical, psychological and social well-being latent class memberships [85].
These factors warrant investigation in future studies.

Lower functional status was associated with membership in the lower class for all three
QOL domains. Functional status reflects a person’s ability to perform routine tasks (e.qg.,
mobility and self-care) and can affect a person’s QOL [86]. Functional status is not a
surrogate for QOL because impaired function is not always associated with poorer QOL
[87]. Across all three domains, both latent classes had relatively high KPS scores. However,
the differences in KPS scores between the higher and lower classes for the physical,
psychological, and social wellbeing classes were clinically meaningful (d = 0.81, d = 0.96, d
= 0.97, respectively). These findings suggest that even small differences in functional status
are associated with noticeable decrements in physical, psychological, and social well-being.

Unique predictors of lower QOL class membership

In this study, being female was associated with belonging to the lower physical and
psychological well-being latent classes. In one [41] of the three previous latent class studies
[ [40-42], being female was associated with membership in the lower emotional well-being
class. Potential explanations for this finding are that females are more likely to take on too
many responsibilities, be more attentive to their own emotions, and use coping strategies
associated with negative health outcomes [88].

While the impact of comorbidities on QOL domains was not evaluated in previous latent
class analyses [40-42], other studies found that oncology patients and FCs [ [89-92] with a
higher number of comorbid conditions reported poorer physical well-being. No studies were
identified that found that a higher number of comorbidities had a negative impact on the
social well-being of oncology patients and their FCs. However, one review of the association
between chronic diseases and QOL suggests that some comorbid conditions are more
bothersome in terms of physical well-being (e.g. musculoskeletal disease) while others are
more bothersome in terms of social well-being (e.g. cerebrovascular/neurologic disorders)
[93]. Future studies need to evaluate the contributions of specific comorbid conditions to
each domain of QOL.

While the effect of family responsibilities on QOL was not evaluated in previous latent class
analyses [40-42], in this study, having children at home was associated with belonging to
the lower psychological and social well-being classes. This finding is consistent with a
report on well-being in gynecologic cancer patients who were evaluated pre- and at 12 to 15
months post-treatment [94]. A number of factors may explain these associations. First,
having children at home may be a surrogate for other factors like younger age, because
younger adults are more likely to have child care responsibilities [95]. Second, having
children at home may intensify patients’ and their FCs’ fear of death as they worry about the
future prospects for their family [96]. In addition, patients and FCs may neglect their own
psychological and social needs and focus on the needs of their family [97]. Lastly, personal
needs may be further neglected if the emotional and behavioral needs of a child are
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increased as a reaction to the changes associated with a parent undergoing cancer treatment
[98].

The relationship between lower weight and membership in the lower psychological well-
being class requires further exploration. No studies were identified that considered this
relationship in oncology patients or their FCs. Lower weight may be a surrogate for other
factors associated with psychological well-being. For example, poor nutrition and less
enjoyment of eating were associated with poorer psychological well-being in oncology
patients [41,99]. However, because nutritional status and enjoyment of eating were not
evaluated in the current study, these associations cannot be excluded.

Genomic predictors of lower QOL domain class membership

In this study, while a number of SNPs in cytokine genes were associated with latent class
memberships in the bivariate analyses, only one SNP (i.e., NFKBZ2rs7897947) remained
significant in the multivariable logistic regression analyses for the social well-being domain.
Carrying one or two doses of the rare G allele (i.e., TT versus TG + GG) for NFKB2
rs7897947 was associated with a 54% decrease in the odds of belonging to the lower social
well-being class. NFKBZ2is a gene that belongs to the NFKB family that encodes for
transcription factors that contribute to the effective mounting of an immune response as well
as to the regulation of cell proliferation, development, and apoptosis [100]. In addition, this
gene family appears to be activated in stressful situations and in response to tissue damage,
and is linked to inflammatory diseases and cancer [101]. While the function of NFKBZ2
rs7897947 is not known, it is located in the intron region of NFKBZ2and may affect RNA
splicing [102]. Alternatively, NFKBZ2rs7897947 may be a surrogate for an unmeasured
functional SNP that is in linkage disequilibrium with this SNP.

No studies were found that reported on an association between NVFKBZ2and any QOL
domain. In our previous study that evaluated associations between cytokine genes and latent
class membership using total QOL scores [43], the relationship between NFKBZ2rs7897947
and total QOL class membership was not significant. In contrast, this same SNP was
associated with sleep disturbance [48] and trait anxiety [103] in our previous work. In the
first study that used GMM to identify latent classes of patients and FCs based on self-
reported sleep disturbance prior to, during, and following the completion of RT [48],
individuals who carried one or two doses of the rare G allele were more likely to belong to
the latent class with lower levels of sleep disturbance. In the second study that investigated
anxiety before the initiation of RT [103], individuals with one or two doses of the rare G
allele had lower trait anxiety. Taken together, these findings suggest that individuals with the
rare allele for NFKBZ2rs7897947 may be less susceptible to sleep disturbance, trait anxiety,
and poorer social well-being.

These findings support the pathway for genetic influences on social functioning proposed by
Ordonana and colleagues [104]. In this proposed pathway, genetic factors may influence
health status (e.g., symptom responses) and individual characteristics (e.g., personality) that
in turn influence social functioning. Furthermore, given the involvement of NFKB2 in
immune responses, our finding is consistent with the propositions inherent in cytokine-
induced sickness behavior which suggest that such responses can result in decreased social
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interactions [45]. Additional research is warranted to confirm the association identified in
this study and to explore the potential mechanisms through which NFKBZ2rs7897947 may
be involved in sleep disturbance, trait anxiety, and social-well-being.

In our previous study that used total QOL scores [43], two SNPs (i.e. /L1R2rs4141134 and
NFKBZ2rs12772374 ) were found to be associated with latent class membership. In the
current study, while a significant association was found between the /LZR2 SNP and
physical well-being, in the bivariate analyses, it did not persist in the multivariate analyses.
The finding that NFKBZ2rs12772374 was associated with total QOL but not with any of the
QOL domains may reflect that several items across the various subscales that were not
concentrated within each subscale of the instrument, contributed to the association found
with total QOL scores. In addition, it is possible that the identified associations occurred by
chance and replication of these findings is warranted.

Findings from this study provide preliminary evidence for two classes of oncology patients
and their FCs who report distinctly different physical, psychological and social well-being
trajectories. While the sample sizes for these latent class analyses are considered adequate
[58,59], analyses with larger samples may identify additional latent classes. Furthermore,
additional latent classes may be identified depending on participant characteristics. For
example, the major reasons for refusal in this study were being too overwhelmed or too
busy, which may have influenced the number of latent classes or range of QOL scores.
Additional SNPs in various cytokine genes, as well as serum cytokine levels, warrant
evaluation in future studies. The evaluation of circulating levels of cytokines may contribute
to a more comprehensive understanding of the functional significance of SNPs identified to
be associated with various QOL domains.

Conclusions

Nonetheless, this study adds to the growing body of evidence of genomic involvement in
QOL outcomes [44]. The genetic association identified suggests a relationship between a
cytokine gene polymorphism and decrements in social well-being. An increased
understanding of molecular markers of QOL may lead to the identification of biomarkers
that can be used to identify individuals who are at higher risk for poorer outcomes and who
warrant supportive care interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A - Observed and estimated physical well-being domain trajectories for participants in each

of the latent classes.

B - Observed and estimated psychological well-being domain trajectories for participants in
each of the latent classes.

C - Observed and estimated social well-being domain trajectories for participants in each of
the latent classes.

D - Observed and estimated spiritual well-being domain trajectory for participants in the
latent class.
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Figure 2.
Differences between the social well-being latent classes in the percentages of participants

who were homozygous for the common T allele (TT), or heterozygous or homozygous for
the rare G allele (TG + GG) for rs7897947 in nuclear factor kappa beta 2 (MNFKB2).
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