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Purpose
We investigated the association between prevalence of symptoms and health-related quality of
life (HRQOL) in adult survivors of childhood cancer enrolled in the St Jude Lifetime Cohort study.

Methods

Eligibility criteria include childhood malignancy treated at St Jude, survival = 10 years from
diagnosis, and current age = 18 years. Study participants were 1,667 survivors (response rate =
65%). Symptoms were self-reported by using a comprehensive health questionnaire and
categorized into 12 classes: cardiac; pulmonary; motor/movement; pain in head; pain in back/neck;
pain involving sites other than head, neck, and back; sensation abnormalities; disfigurement;
learning/memory; anxiety; depression; and somatization. HRQOL was measured by using physi-
cal/mental component summary (PCS/MCS) and six domain scores of the Medical Outcomes
Study 36-Item Short-Form Health Survey. Multivariable regression analysis was performed to
investigate associations between symptom classes and HRQOL. Cumulative prevalence of
symptom classes in relation to time from diagnosis was estimated.

Results
Pain involving sites other than head, neck and back, and disfigurement represented the most

frequent symptom classes, endorsed by 58.7% and 56.3% of survivors, respectively. Approxi-
mately 87% of survivors reported multiple symptom classes. Greater symptom prevalence was
associated with poorer HRQOL. In multivariable analysis, symptom classes explained up to 60%
of the variance in PCS and 56% of the variance in MCS; demographic and clinical variables
explained up to 15% of the variance in PCS and 10% of the variance in MCS. Longer time since
diagnosis was associated with higher cumulative prevalence in all symptom classes.

Conclusion

A large proportion of survivors suffered from many symptom classes, which was associated with
HRQOL impairment.

J Clin Oncol 31:4242-4251. © 2013 by American Society of Clinical Oncology

Symptoms are not synonymous with HRQOL.
Symptoms represent a patient’s perception of the
occurrence of an abnormal physical, emotional,
cognitive, or psychosomatic state, whereas HRQOL

With the introduction of new therapeutic strate-
gies, the 5-year survival rate of childhood cancer

has improved substantially." However, these sur-
vivors are at risk of developing long-term adverse
sequelae related to cancer and/or cancer treat-
ment.” Traditionally, clinicians use laboratory-
based toxicity and diagnostic information to
evaluate adverse sequelae. In contrast, the use of
patient-reported outcomes such as symptoms
and health-related quality of life (HRQOL) that
capture survivors’ perception of cancer experi-
ence is less emphasized.
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(or functional status) represents the impact of an
event on a patient’s daily function.” Symptoms are
proximal to the disease process and treatment expo-
sure, and are one of the most important causative
factors contributing to poor HRQOL.? Symptoms
and HRQOL assessment provide unique insight
into health status and help design appropriate inter-
ventions for survivorship care.*

Research on symptom prevalence for adult sur-
vivors of childhood cancer is sparse®® compared
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with research on adult-onset cancer.”'! Symptoms commonly inves-
tigated in long-term survivors of childhood cancer include fatigue,
neurocognitive problems, pain, psychological distress, and sleep dis-
turbance.® Overall, 19% to 30% of survivors report fatigue”® 11% to
21% report memory and task efficiency problems'?; 12% to 21%
report pain'’; 8% to 13% report psychological distress'*'>; 14%
report daytime sleepiness, and 17% report insomnia.”® Although
these findings are compelling, they are incomplete because symp-
toms related to physical health (eg, organ function) have not
been included.'®"”

Scant research supports the association between symptom prev-
alence and HRQOL in long-term survivors of childhood cancer.>®'®
The Childhood Cancer Survivor Study (CCSS) observed that survi-
vors who reported more fatigue, sleep disturbance, and daytime sleep-
iness also reported greater HRQOL impairment than survivors with
fewer symptoms.® These studies emphasize the effect of individual
symptoms on HRQOL rather than the effect of combined symptoms
asawhole, leading to underestimating the overall impact of symptoms
and limiting our ability to compare the relative contribution of indi-
vidual symptom to HRQOL. If more symptoms are associated with
poorer HRQOL, and large variance of HRQOL is explained by symp-
toms, it is important to identify symptoms and offer interventions to
reduce symptom burden and, thereby, improve HRQOL.

The purpose of this study was to investigate the prevalence of a
group of symptoms among long-term survivors enrolled in the St Jude
Lifetime Cohort (SJLIFE) study, and to determine the association
between symptom prevalence and HRQOL. We hypothesized there is
a positive association between greater symptom prevalence and
poorer HRQOL, and symptoms will account for greater variance in
HRQOL than will demographic and clinical variables alone.

Sample

The study sample includes 1,667 long-term survivors of childhood
cancer who participated in SJLIFE, a follow-up study designed to under-
stand etiologies and long-term adverse effects related to cancer treatments
among childhood cancer survivors who were treated at St Jude Children’s
Research Hospital.'” During a St Jude campus visit, participants received
comprehensive risk-based assessments consistent with the Children’s On-
cology Group’s Long-term Follow-up Guidelines®® and completed
comprehensive health questionnaires assessing behavioral, physical, psy-
chosocial, and HRQOL outcomes.

Data Collection

Survivors eligible for study participation include those who were treated
at St Jude for childhood cancer between 1962 and 2002, were = 18 years old at
enrollment onto SJLIFE, and had survived = 10 years since the original cancer
diagnosis." The SJLIFE study initiated enrollment of participants in Novem-
ber of 2007. As of March 2011, 4,127 potentially eligible participants were
identified, and a recruitment package was sent to 3,186 survivors who met the
enrollment criteria and had addresses available. Of these, 903 refused partici-
pation or were lost to follow-up, 616 agreed to participate but were not yet
scheduled for a St Jude campus visit, and 1,667 completed the survey measures.
The survey response rate was 65% (adjusting for those not yet scheduled for St
Jude visits). The SJLIFE protocol was approved by St Jude’s institutional
review board.

Measurement
The symptom measures used in this study were adapted from those
used in CCSS and have been reported in numerous peer-reviewed publi-
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cations since 1992.'%?! Specific symptoms were designed to assess risk-
based toxicities as outlined in the Children’s Oncology Group guidelines*
and have demonstrated sensitivity to treatment exposures.® For example,
cranial radiation is related to the risk of emotional'>** and cognitive
symptoms,”* and thoracic radiation is related to cardiopulmonary symp-
toms.?* Twelve symptom classes were constructed, including nine classes
for physical symptoms and three for psychological distress (Appendix
Table Al, online only). In the comprehensive health questionnaire, 41
items measuring human organ impairment were categorized into nine
physical symptom classes on the basis of homogeneity in content: cardiac
symptoms (three items); pulmonary symptoms (three items); motor/
movement problems (five items); pain in head (three items); pain in
back/neck (two items); pain involving sites other than head, neck, and back
(seven items); sensation abnormalities (10 items); disfigurement (seven
items); and learning/memory problems (one item). For each item, three
response categories (“yes, the condition is still present,” “yes, but the
condition is no longer present,” and “no”) were used. Symptom presence
was denoted if participants endorsed “yes, the condition is still present” for
any item measuring that particular symptom. Symptom status was asked in
general rather than in relation to cancer and treatment.

The Brief Symptoms Inventory-182° was used to measure psychological
distress. The Brief Symptoms Inventory-18 classifies distress into three symp-
tom classes: anxiety (six items), depression (six items), and somatization (six
items). For each item, a five-point Likert scale (0 = not at all; 4 = extremely)
was used to explore the degree to which symptoms were bothersome during
the past 7 days. A summated item score of a particular symptom class was
calculated and converted to a T-score (mean = 50 and standard deviation
[SD] = 10), and a meaningful cutoff (T-score = 63, representing the lower
10th percentile of population norms) was used to denote the presence of a
symptom class.”

HRQOL was measured by using the Medical Outcomes Study 36-Item
Short-Form Health Survey (SF-36).*° The SF-36 comprises eight HRQOL
domains: physical functioning, role limitations resulting from physical health
problems, bodily pain, general health perceptions, vitality, social functioning,
role limitations resulting from emotional problems, and mental health. Do-
main scores of each participant were calculated with a range from 0 (worst) to
100 (best). Because the content of some items measuring BP and MH may
overlap with some items measuring pain and psychological distress symptoms,
we excluded BP and MH domains from the analysis to avoid overestimating
the relationships. The physical component summary (PCS) and mental com-
ponent summary (MCS) were calculated to represent physical and mental
summary HRQOL. PCS and MCS were the normalized scores of a represen-
tative population with a mean = 50 and a SD = 10.%°

Statistical Analysis

Descriptive statistics were used to report the prevalence of 12 symp-
tom classes. Multivariable analyses were performed to analyze the associ-
ation of symptom classes with PCS, MCS, and six HRQOL domains. Three
multiple linear regression models were performed: model 1 includes de-
mographic (age, sex, race/ethnicity, and education) and clinical (chemo-
therapy, radiotherapy, amputation, second cancer, and vyear since
diagnosis) variables as independent variables; model 2 includes 12 symp-
tom classes as independent variables; model 3 includes demographic and
clinical variables and 12 symptom classes as independent variables. We,
however, did not include types of cancer in the analysis because types of
cancer were highly correlated with types of treatment, and types of treat-
ment were more often associated with late effects.'* The association of
symptoms with HRQOL was estimated by regression coefficients, and the
extent to which variance in HRQOL was explained by symptoms. In
addition, cumulative prevalence of individual symptom class was esti-
mated by referring time since cancer diagnosis to the presence of symp-
toms at the time of survey on the basis of the cross-sectional data collected
from all cancer survivors.”” Cumulative prevalence was estimated by SAS
CUMINCID macro and the remaining analyses by STATA 10.0.

© 2013 by American Society of Clinical Oncology ~ 4243
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Table 1. Patient Characteristics (N = 1,667) Table 1. Patient Characteristics (N = 1,667) (continued)
Characteristic Mean SD, Range, or No. Characteristic Mean SD, Range, or No.
Age at interview, years 33.7 8.2, 18.9-63.3 Chemotherapy
Time since diagnosis, years 255 7.8, 11.0-48.0 Yes 1,469 88.1
10-19 411 24.7 No 198 11.9
20-29 760 45.6 Radiotherapy
30-39 423 25.4 Yes 1,105 66.3
40+ 73 4.4 No 562 33.7
Sex Amputation
Male 809 48.5 Yes 66 4.0
Female 858 B1.5 No 1,601 96.0
Race/ethnicity
White, non-Hispanic 1,406 84.3
Black, non-Hispanic 181 10.9
Hispanic 46 2.8
Educational background
Below high school 159 10.1
High school graduate/general Participant Characteristics
sdlueziien doyeloprmem 316 20 Table 1 shows the participant characteristics. Of 1,667 partici-
(S:OTG Couege/ training after high school 223 Z’é'g pants, 51.5% were women and 84.3% were white, non-Hispanic.
Pc?stezfazfa t:altee vel o s Mean age at survey was 33.7 years, and mean time since cancer diag-
Other 48 31 nosis was 25.5 years. Cancer diagnosis includes CNS tumors (7.9%),
Marital status leukemia (47.1%), lymphoma (18.5%), and solid tumors (26.5%).
Married/living with a partner 837 66.4 Cancer treatment includes chemotherapy (88.1%), radiotherapy
Widowed/divorced/separated 215 17.1 (66.3%), and amputation (4%).
Single 209 16.6
E";pfryhmaznz ?;Ztus a1 o5 Prevalence of Symptom Classes
N\(/ev or had ; ob ' 78 4:9 Table 2 shows the prevalence of symptom classes. Two symptom
Insurance status classes were reported by more than 50% of the participants: pain
Insured 1,253 78.0
Uninsured 354 22.0
L el et Table 2. Prevalence of Symptom Classes in Adult Survivors of
<$19,999 280 19.7 Childhood Cancer
$20,000-$39,999 362 25.4 .
$40,000-559,999 261 183 Individual Symptom Class Prevalence (%)
$60,000-$79,999 197 13.8 Careliae EymmEisms LAy
$80,000-$99,999 134 9.4 FSHER 7BV 78
=$100,000 189 133 Motor/movement problems 17.7
Cancer diagnosis Pa!n {n iz B
Central nervous system tumors 131 7.9 Pa!n !n bac,k/”@k 485
Leukemia 786 47 1 Pain involving sites other than head, neck, and back 58.7
Acute lymphoblastic leukemia 742 44.5 S§n§at|on slomeraliies ol
Acute myeloid leukemia 36 2.2 Dlsﬂg'urement 20,0
Other leukemia 8 05 Learning/memory problems 26.9
Lymphoma 308 185 Py 81
Hodgkin lymphoma 249 14.9 Depreslsm'n 11548
Non-Hodgkin lymphoma 59 3.5 Sk (o5
Solid tumors 442 265 Count of symptom classes
Ewing sarcoma family of tumors 55 3.3 0 8.4
Nasopharyngeal carcinoma 11 0.7 ! 15.1
Neuroblastoma 59 3.5 2 173
Osteosarcoma 68 4.1 s 175
Retinoblastoma 66 4.0 4 123
Rhabdomyosarcoma 46 2.8 5 106
Wilms tumor 81 4.9 6 55
Other solid tumors 56 3.3 / 46
Second cancer 8 37
Yes 243 14.9 9 26
No 1,384 85.1 10 5
11 1.0
(continued in next column) 12 0.1
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Fig 1. Cumulative prevalence of symptom class since time from diagnosis. The
cumulative prevalence of symptom class presented in this figure is estimated
based on the cross-sectional data that suggests cancer survivors who survive
longer after diagnosis tend to report higher symptom prevalence.

involving sites other than head, neck, and back (58.7%) and disfigure-
ment (56.3%). Three symptom classes were reported by 30% to 50%
of the participants: pain in back/neck (48.5%), pain in head (35.9%),
and sensation abnormalities (34.2%). The remaining seven symptom
classes were reported by < 30% of the participants. For symptom
counts, approximately 8% of the participants reported no symptoms,
whereas 73% of participants reported 1 to 5 symptom classes, and 19%
reported more than five symptom classes.

Figure 1 shows the cumulative prevalence of individual symptom
class since time from diagnosis. The curves suggest an increased time
from cancer diagnosis was associated with an increased prevalence.
For all symptoms, the prevalence increased significantly from year 10
to 30, though tended to slow after 30 years. The 40-year cumulative
prevalence was highest for pain involving sites other than head, neck,
and back (57.2%), followed by disfigurement (54.1%).

Association Between Symptom Prevalence
and HRQOL

Table 3 shows the results of multivariable analyses for the associa-
tions of 12 symptom classes and physical/mental summary HRQOL.
Overall, each symptom class was significantly associated with impaired
PCS and MCS (P < .05), except pulmonary symptoms with MCS. Par-
ticipants with higher education levels had better PCS and MCS than those
with lower education. Having chemotherapy and radiotherapy was statis-
tically associated with impaired PCS but not MCS (P > .05). The change
in regression coefficients of demographic and clinical variables associated
with HRQOL before (model 1) and after (model 3) the inclusion of
symptom classes was larger as compared with the change in regression
coefficients of symptom classes associated with HRQOL before (model 2)
and after (model 3) the inclusion of demographic and clinical variables.
This finding was replicated across six HRQOL domains. Inclusion of 12
symptom classes alone (model 2) explained up to 60% and 56% of the

WWW.jco.org

variance in PCS and MCS, respectively, whereas demographic and clinical
variables (model 1) explained variance in PCS and MCS up to 15% and
10%, respectively. Variance in PCS and MCS commonly shared by demo-
graphic/clinical variables and symptom classes was approximately 12%
and 8%, respectively.

Table 4 shows the association of 12 symptom classes with six
HRQOL domains on the basis of multivariable analyses. The prevalence
of cardiac symptoms, motor/movement problems, pain involving sites
other than head, neck, and back, sensation abnormalities, disfigurement,
depression, and somatization was significantly associated with impair-
ment in the majority of HRQOL domains. Specifically, pain involving
sites other than head, neck, and back, sensation abnormalities, disfigure-
ment, learning/memory problems, and somatization were associated
with impairment in all six HRQOL domains (P < .05); the only excep-
tions were pain involving sites other than head, neck, and back, and
sensation abnormalities with RE (P > .05). Cardiac symptoms and mo-
tor/movement problems were associated with impaired physical aspects
of HRQOL (physical functioning, role limitations resulting from physical
health problems, and general health perceptions; P < .05). Anxiety and
depression were associated with impaired mental aspects of HRQOL
(vitality, social functioning, and RE; P < .05).

Figure 2 shows the associations between counts of symptom classes
and PCS/MCS. Survivors with more symptom counts had a greater im-
pairment in PCS and MCS compared with those with fewer symptom
counts. If PCS = 45 and MCS = 45 were selected as cutoffs to represent
clinically meaningful impairment®® (0.5 SD below population norm), it
corresponds to approximately 30% of all participants reporting more
than four symptom counts. For survivors with a symptom count more
than four, relative to less than or equal to four, the odds ratios of PCS and
MCSless than 45 were 15.5 (95% CI, 11.8 t0 20.4) and 12.2 (95% CI, 9.4 to
15.8), respectively. IfPCS = 40 and MCS = 40 were selected as cutoffs'*'>
(1.0SD below population norm), it corresponds to approximately 14% of
all participants reporting more than six symptom counts. For survivors
with a symptom count more than six, relative to less than or equal to six,
the odds ratios of PCS and MCS less than 40 were 25.4 (95% CI, 17.8 to
36.3) and 18.1 (95% CI, 12.9 to 25.5), respectively.

This study revealed a significant burden of chronic symptoms in long-
term adult survivors of childhood cancer: 70% of participants reported
one to six symptom classes, and 25% reported more than six symptom
classes. Among 12 symptom classes, survivors reported high prevalence
(> 50%) in pain involving sites other than head, neck, and back and
disfigurement. Itis evident that symptoms appear to be more prevalent on
the basis of a comparison of the present results to reports on the general
population of the same age range, although different studies might use
different approaches to measure symptoms. For example, 49% of cancer
survivors in this study had pain in back/neck and 36% had pain in head,
whereas 13% to 29% of the US general population reported pain in
neck/back and 20% reported pain in head.® Importantly, symptom prev-
alence was significantly associated with impairment in different HRQOL
domains. Multiple symptom classes explained up to 60% of the variance
in PCS and MCS, compared with demographic and clinical variables,
which explained up to 15% of the variance.

Although literature suggests symptoms are prevalent in survivors
of adult-onset cancers through the trajectory for up to 10 years after

© 2013 by American Society of Clinical Oncology ~ 4245
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Table 3. Association of Symptom Class Prevalence and Physical/Mental Component Summary of the Medical Outcomes Study 36-Item Short-Form
Health Survey: Multivariable Analyses
Physical Component Summary Mental Component Summary
Model 1/Model 2 Model 3 Model 1/Model 2 Model 3
Variable Beta P Beta P Beta P Beta P
Model 1
Age -0.22 < .001 -0.08 .009 -0.14 .002 -0.02 .623
Sex (Reference: male) —1.96 <.001 -0.39 .228 —-2.94 <.001 —1.86 <.001
Race/ethnicity (Reference: white)
Black -1.14 127 -1.80 .001 0.35 651 -0.59 .288
Hispanic 1.57 .261 -0.38 .698 2.64 .068 0.66 524
Other (NA, AS, PI, etc.) 2.65 104 1.24 265 2.71 .108 0.54 .644
Education (Reference: below HS)
HS/GED 3.75 <.001 2.53 <.001 3.03 .002 1.66 .015
Training after HS/some college 6.51 < .001 4.07 < .001 5.27 < .001 2.94 < .001
College graduate 8.49 <.001 4.33 < .001 7.17 <.001 3.27 <.001
Post-graduate 10.19 <.001 4.86 <.001 8.61 <.001 3.35 <.001
Other 3.65 .001 3.03 < .001 2.91 .010 3.32 <.001
Years since diagnosis 0.06 .185 0.02 512 0.06 .210 <0.01 .760
Second cancer -2.93 <.001 —0.85 .060 —2.06 .002 —0.41 .389
Chemotherapy -0.36 .607 —1.05 .029 -0.24 .738 -0.77 132
Radiotherapy -1.86 < .001 -1.09 .003 -1.26 .020 -0.39 .305
Amputation -3.02 .016 -1.27 A4 0.03 .984 1.14 212
Model 2
Symptom class
Cardiac symptoms —-4.12 <.001 —3.61 <.001 —-2.27 <.001 -1.75 <.001
Pulmonary symptoms —-1.98 .003 —1.46 .029 -0.34 .625 -0.33 .643
Motor/movement problems —4.36 <.001 —-4.19 < .001 —-0.99 .044 -0.94 .055
Pain in head —1.41 < .001 —-1.47 < .001 —2.59 < .001 —2.24 < .001
Pain in back/neck —2.58 < .001 —2.53 < .001 -2.06 <.001 —2.06 <.001
Pain in other sites™ -3.30 < .001 -3.18 <.001 -1.92 <.001 -1.84 <.001
Sensation abnormalities —-1.81 <.001 —1.86 <.001 -1.31 .001 -1.38 <.001
Disfigurement —2.48 < .001 -2.29 < .001 -2.08 <.001 -2.03 <.001
Learning/memory problems —-1.72 <.001 —1.47 <.001 —2.04 < .001 —1.49 < .001
Anxiety —-1.84 .002 —-1.57 .006 —4.28 < .001 —4.25 < .001
Depression -3.84 < .001 -3.88 < .001 —-8.93 < .001 -9.22 <.001
Somatization —4.96 <.001 —4.57 <.001 -3.13 <.001 -2.92 <.001
Variance, %
Model 1 15.0 10.1
Model 2 60.0 56.0
Model 3 62.5 58.1
NOTE. Model 1 only includes demographic and clinical variables as independent variables; Model 2 only includes 12 symptom classes as independent variables;
and Model 3 includes demographic and clinical variables plus 12 symptom classes as independent variables.
Abbreviations: AS, Asian; GED, general education development; HS, high school; NA, Native American; PI, Pacific Islander.
“Pain involving sites other than head, neck, and back.
TP < .05.
P < .01.
§P < .001.

primary treatment,*** little is known about symptom prevalence in  tiples, with approximately 77% of participants reporting more than
long-term survivors of childhood cancer. This study revealed the  one symptom. In contrast, 40% to 61% of survivors of adult-onset
cumulative prevalence for individual symptoms increased from 10 cancer reported multiple symptoms.'® The presence of multiple
years since diagnosis up to 40 years, and then appeared to plateau. The ~ symptoms may exacerbate or mediate the severity of one another,””
mechanism behind the increase of symptom prevalence associated ~ and a common biologic mechanism (eg, an inflammatory response)
with the increase of time since diagnosis is unclear, yet our finding ~ may contribute to the co-occurrence of some of these symptoms.”*!
provides a foundation for understanding appropriate timing toscreen ~ Understanding the mechanisms behind symptom clusters is an im-
presence of various symptoms in future studies. portant topic of future studies and may help in the design of appro-
A wealth of literature suggests that multiple symptoms (eg, de-  priate interventions to control symptoms, presumably leading to
pression, fatigue, pain, poor concentration, and sleep disturbance)  better HRQOL.
co-occurred and were moderately correlated with each other in cancer Our study as one of the largest cohorts of adult survivors of
survivors.”>>® In our study, symptoms of survivors occurred in mul-  childhood cancer provides a unique contribution to the existing

4246 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY
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Table 4. Association of Symptom Class Prevalence and Six Domains of the Medical Outcomes Study 36-tem Short-Form Health Survey: Multivariable Analyses

Physical Functioning

Role Limitations Resulting From Physical Health Problems

Model 1/Model 2 Model 3 Model 1/Model 2 Model 3
Variable Beta P Beta P Beta P Beta P
Model 1
Age —0.21 <.001 -0.12 .005 —-0.21 <.001 -0.11 .017
Sex (Reference: male) —-1.44 .004 —0.27 .540 —0.62 .243 0.77 .097
Race/ethnicity (Reference: white)
Black —4.02 <.001 —4.38 <.001 —2.46 .005 -2.92 <.001
Hispanic 0.34 .824 -1.27 341 1.90 246 <0.01 .995
Other (NA, AS, PI, etc.) 2.51 158 1.46 .333 3.82 .043 2.28 148
Education (Reference: below HS)
HS/GED 4.43 <.001 3.84 <.001 5.01 < .001 4.39 <.001
Training after HS/some college 7.93 < .001 6.15 < .001 7.52 < .001 5505 < .001
College graduate 9.51 <.001 6.33 <.001 9.62 <.001 5.93 <.001
Post-graduate 10.85 < .001 7.08 < .001 11.28 < .001 6.96 <.001
Other 5,13 < .001 3.88 .001 3.21 .012 2.12 .071
Years since diagnosis 0.03 .564 <0.01 .984 0.05 .331 0.03 .630
Second cancer —3.16 < .001 =1.25 .044 —2.92 <.001 -0.94 148
Chemotherapy -0.69 375 —1.58 .017 —0.55 .501 —1.55 .025
Radiotherapy —2.50 <.001 —1.59 .001 —2.04 .001 -0.91 .081
Amputation -7.88 <.001 —6.52 <.001 —3.49 .017 -1.75 .1568
Model 2
Symptom class
Cardiac symptoms —5.63 < .001 —4.72 < .001 -3.11 < .001 —2.54 <.001
Pulmonary symptoms -3.33 <.001 —-2.15 .018 —1.98 .039 -1.13 235
Motor/movement problems —6.66 < .001 -6.30 < .001 —6.46 < .001 -6.30 <.001
Pain in head 0.92 .059 0.61 196 0.17 735 -0.14 777
Pain in back/neck -1.19 .014 -1.09 .019 -0.84 .088 -0.70 151
Pain in other sites™ —1.44 .004 —1.24 .009 —1.85 <.001 -1.77 < .001
Sensation abnormalities —1.88 < .001 —2.00 < .001 -1.64 .002 -1.73 .001
Disfigurement -2.73 <.001 -2.28 <.001 —2.54 <.001 -2.32 <.001
Learning/memory problems —-1.33 .013 —-1.32 .01 —2.05 <.001 —-1.94 < .001
Anxiety -1.35 103 -0.63 424 -2.20 .009 -1.72 .038
Depression -1.10 139 -1.38 .052 -3.19 <.001 -3.16 <.001
Somatization —-3.65 <.001 —-3.06 <.001 —5.34 <.001 —4.83 < .001
Variance, %
Model 1 17.0 12.6
Model 2 35.2 37.5
Model 3 43.1 41.7
General Health Perceptions Vitality
Model 1/Model 2 Model 3 Model 1/Model 2 Model 3
Variable Beta P Beta P Beta P Beta P
Model 1
Age -0.18 .001 —0.03 463 —-0.20 <.001 -0.07 114
Sex (Reference: male) -2.29 <.001 —0.65 175 -4.26 <.001 -3.07 <.001
Race/ethnicity (Reference: white)
Black -0.16 .866 —0.57 460 2.60 .003 1.78 .014
Hispanic 1.18 497 -0.78 591 3.54 .028 1.51 264
Other (NA, AS, PI, etc.) 2.12 .286 1.25 445 3.27 .076 1.47 .336
Education (Reference: below HS)
HS/GED 2.07 .069 0.02 .982 2.10 .047 0.65 456
Training after HS/some college 5.27 < .001 1.96 .027 3.98 < .001 1.82 .028
College graduate 7.27 < .001 2.30 .01 6.01 < .001 2.33 .006
Post-graduate 8.48 <.001 2.28 .042 7.15 <.001 2.17 .038
Other 3.49 .009 2.83 .019 3.03 .015 3.69 .001
Years since diagnosis 0.06 .305 0.01 .808 0.11 .040 0.06 .136
Second cancer —3.45 <.001 -1.29 .054 -1.63 .029 —0.04 .945
Chemotherapy 0.30 732 -0.27 .706 0.07 935 -0.54 417
Radiotherapy —2.61 < .001 —2.06 <.001 —0.85 162 -0.19 704
Amputation -1.15 456 0.61 .630 0.22 .878 1.28 279
(continued on following page)
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Table 4. Association of Symptom Class Prevalence and Six Domains of the Medical Outcomes Study 36-Item Short-Form Health Survey:

Multivariable Analyses (continued)

General Health Perceptions Vitality
Model 1/Model 2 Model 3 Model 1/Model 2 Model 3
Variable Beta P Beta P Beta P Beta P
Model 2
Symptom class
Cardiac symptoms —4.98 < .001 —-4.49 <.001 -3.17 < .001 —2.50 <.001
Pulmonary symptoms -3.22 .001 —3.25 .001 0.32 724 —0.05 .959
Motor/movement problems -3.02 <.001 -2.78 < .001 -0.36 579 -0.33 612
Pain in head —2.47 <.001 —2.45 < .001 -3.71 <.001 —-3.06 < .001
Pain in back/neck -2.06 <.001 -2.15 <.001 -2.41 <.001 -2.32 <.001
Pain in other sites™ -3.26 < .001 -3.25 <.001 -2.23 < .001 -2.08 <.001
Sensation abnormalities -1.73 .002 -1.68 .002 —1.46 .005 —1.40 .006
Disfigurement —2.46 < .001 —2.25 <.001 —2.66 < .001 —2.55 <.001
Learning/memory problems —-1.71 .002 -1.29 .022 -1.63 .002 -1.12 .034
Anxiety —1.44 .088 —1.23 147 —1.80 .025 —2.08 .009
Depression —4.44 < .001 —4.52 <.001 —7.46 < .001 —7.90 <.001
Somatization -5.41 <.001 -4.97 <.001 -3.18 <.001 -3.07 <.001
Variance, %
Model 1 9.6 9.2
Model 2 42.5 39.1
Model 3 441 42.2
Social Functioning Role Limitations Resulting From Emotional Problems
Model 1/Model 2 Model 3 Model 1/Model 2 Model 3
Variable Beta P Beta P Beta P Beta P
Model 1
Age -0.11 .040 0.01 872 —0.08 181 0.01 787
Sex (Reference: male) =251 < .001 —1.35 .002 —-1.79 .002 -0.91 .073
Race/ethnicity (Reference: white)
Black —2.01 .021 —2.77 <.001 —2.56 .008 -3.12 <.001
Hispanic 1.64 317 —0.45 .736 3.49 .052 1.59 .306
Other (NA, AS, PI, etc.) 1.35 469 -0.46 .760 2.14 299 0.48 784
Education (Reference: below HS)
HS/GED 3.89 < .001 2.88 .001 6.16 <.001 5.19 < .001
Training after HS/some college 6.10 < .001 4.05 < .001 7.40 < .001 5,88 < .001
College graduate 7.85 <.001 4.1 <.001 9.1 <.001 5.69 <.001
Post-graduate 9.17 < .001 4.30 < .001 10.86 < .001 6.13 < .001
Other 2.565 .043 2.72 .015 3.74 .007 4.59 < .001
Years since diagnosis 0.01 .908 —0.03 417 -0.01 .899 —-0.04 418
Second cancer —2.48 .001 —0.83 182 —1.69 .040 -0.34 .633
Chemotherapy 0.13 .871 -0.66 319 -0.67 457 -1.43 .060
Radiotherapy —1.44 .019 -0.30 549 -1.38 .040 -0.23 .692
Amputation —0.55 .705 0.49 677 —0.15 927 0.16 .909
Model 2
Symptom class
Cardiac symptoms —2.48 < .001 —-2.12 <.001 —1.64 .023 -1.13 120
Pulmonary symptoms —0.66 467 0.05 .959 —0.99 343 -0.32 .763
Motor/movement problems -2.07 .001 -1.96 .002 —2.05 .005 -2.16 .003
Pain in head —1.58 .001 -1.35 .005 -0.99 .065 -0.85 118
Pain in back/neck -1.14 .014 -1.07 .020 -0.93 .080 -0.93 .081
Pain in other sites™ -1.77 <.001 —1.65 .001 -0.84 122 -0.79 148
Sensation abnormalities -1.57 .002 -1.77 <.001 -0.89 127 —0.99 .088
Disfigurement -2.05 <.001 —2.06 <.001 -1.23 .016 -1.29 .013
Learning/memory problems -2.62 < .001 -2.17 <.001 —2.58 < .001 -1.99 .001
Anxiety -3.59 <.001 -3.44 <.001 —4.42 <.001 —4.03 <.001
Depression -8.53 <.001 -8.73 <.001 -9.33 <.001 —9.65 <.001
Somatization -3.73 <.001 —-3.52 < .001 —3.00 <.001 —2.95 < .001

(continued on following page)
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Table 4. Association of Symptom Class Prevalence and Six Domains of the Medical Outcomes Study 36-Item Short-Form Health Survey:
Multivariable Analyses (continued)

Social Functioning

Role Limitations Resulting From Emotional Problems

Model 1/Model 2 Model 3 Model 1/Model 2 Model 3
Variable Beta P Beta P Beta P Beta P
Variance, %
Model 1 8.9 7.8
Model 2 41.6 32.2
Model 3 43.9 5.8

“Pain involving sites other than head, neck, and back.
TP < .05.

P < .01.

§P < .001.

NOTE. Model 1 only includes demographic and clinical variables as independent variables; Model 2 only includes 12 symptom classes as independent variables;
and Model 3 includes demographic and clinical variables plus 12 symptom classes as independent variables.
Abbreviations: AS, Asian; GED, general education development; HS, high school; NA, Native American; PI, Pacific Islander.

literature.”***” We demonstrate a significant and robust effect of
symptoms on the impairment of different HRQOL domains. All
symptom classes, except pulmonary, were significantly associated
with poor PCS, MCS, and six HRQOL domains. Our finding is in line
with previous CCSS studies suggesting that among childhood cancer
survivors the presence of symptoms including fatigue, sleep distur-
bance, cognitive symptom, and psychological distress was significantly
related to poorer HRQOL on the SF-36.>** Similar findings on the
symptom presence associated with HRQOL impairment was ob-
served in survivors of adult-onset cancers*>** and individuals with
AIDS/HIV,> sickle cell disease,”" and those receiving hemodialysis.™
In addition, variance in HRQOL explained by 12 symptom classes in
this study was larger (up to 60%) compared with other studies focus-
ing on adult cancer survivors*»>>** and patients without cancer.”>>
Interestingly, we found some symptoms with low prevalence (eg,
cardiac symptoms, anxiety, and depression) had an equivalent impact
on HRQOL as symptoms with moderate prevalence (eg, pain in head,
pain in back/neck, and sensation abnormalities). This suggests the
design of symptom tools needs to account for not only the symptom
prevalence but also their severity related to HRQOL impact.
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Fig 2. Association between count of symptom classes and physical/mental
component summary (PCS/MCS) of the Medical Outcomes Study 36-ltem
Short-Form Health Survey (SF-36). SD, standard deviation.
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Evidence has been mixed in comparing HRQOL between child-
hood cancer survivors and general population (ie, better HRQOL,**”
impaired HRQOL,***! or no difference®**). This study suggests
HRQOL comparisons might be confounded by the number of symp-
toms. We demonstrate that if a 0.5 SD rule was used,*® survivors with
less than one and more than four symptom classes will have clinically
meaningfully good and poor HRQOL, respectively, compared with
the general population. If a 1.0 SD rule was used,'*'> survivors with
none and more than six symptom classes will have significantly good
and poor HRQOL, respectively, compared with the general popula-
tion. Intuitively, the association between symptom counts and PCS/
MCS appeared linear (Fig 2), suggesting that the effect of symptoms is
additive rather subtractive or synergistic.

Self-reported symptoms and HRQOL are usually assessed
separately in clinical practice without thoroughly investigating the
possible linkage between symptom reduction and HRQOL im-
provement. The strong correlations of individual symptoms with
HRQOL alongside large variation in HRQOL explained by symp-
toms suggest alleviating symptoms may be one avenue to improve
HRQOL. Clinicians are encouraged to understand the complexity
of symptoms and tailor individual interventions for survivors on
the basis of the types of specific symptoms (eg, cognitive-behavior
therapy®>°® for pain, depression, and fatigue, and physical train-
ing®”°® for fatigue and physical symptoms). Innovative methodol-
ogies (eg, diagnostic classification model®***®) can be used to
classify survivors into different levels of HRQOL according to
multiple symptoms that indicate HRQOL impairment.

Several limitations of this study are worth noting. First, the gen-
eralizability of our findings to other settings is limited because survi-
vors were recruited from a single institution. Second, the reliance on
cross-sectional data and the use of inconsistent time frames on the
Brief Symptoms Inventory (a 7-day recall period) and SF-36 (a 4-week
recall period) might make it impossible to determine a causal relation-
ship between symptoms and HRQOL. Although we found that symp-
tom presence appears to be increasing over time, we are not able to
distinguish as to whether the increase results from cancer-, treatment-,
or age-related symptomology. Longitudinal studies that include sur-
vivors and age-sex—matched noncancer populations are needed to
understand the genuine cancer- or treatment-related symptoms while
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controlling for historical and aging factors. Third, the symptoms un-
der investigation did not include fatigue and sleep disturbance, which
are deemed important to survivors.>® Therefore, the extent that these
symptoms are associated with HRQOL and the variance in HRQOL
explained by the symptoms might be underestimated.

In conclusion, a large proportion of survivors enrolled in SJLIFE
suffer from a variety of symptoms that adversely impact HRQOL.
Measuring symptoms alone without measuring HRQOL or vice versa
may result in failure to understand the full impact of cancer and its
treatment. Appropriate interventions that target specific symptoms
may improve survivors’ HRQOL.
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Appendix

Table A1. Content of the Symptom Class Measure

Symptom Class ltem

Cardiac symptoms Irregular heartbeat or palpitations (arrhythmia) requiring medication or follow-up by a doctor

Angina pectoris (chest pains because of lack of oxygen to the heart requiring medication
such as nitroglycerin)

Does exercise cause severe chest pain, shortness of breath, or irregular heartbeat

Pulmonary symptoms Chronic cough or shortness of breath for more than 1 month

Emphysema

Problem with breathing while at rest that lasted for more than 3 months
Motor/movement problems Problem with balance, equilibrium, or ability to reach for or manipulate objects

Tremors or problems with movement
Weakness or inability to move arm
Weakness or inability to move leg
Paralysis of any kind
Pain in head Migraine
Severe headache
Pain: head
Pain in back/neck Pain: back
Pain: neck
Pain involving sites other than head, neck, and back Prolonged pain in arms, legs, or back
Pain: chest
Pain: hands/arms
Pain: abdomen
Pain: pelvis
Pain: leg/feet
Pain: other
Sensation abnormalities Hearing loss requiring a hearing aid
Decreased sense of touch or feeling in hands, fingers, arms, or leg
Abnormal sensation in arms, legs, or back
Persistent dizziness or vertigo
Problem with double vision
Crossed or turned eyes
Trouble seeing with one or both eyes even when wearing glasses
Very dry eyes requiring eye drops or ointment
Abnormal sense of taste
Loss of taste or smell lasting for 3 months or more
Disfigurement Persistent hair loss
Scaring or disfigurement of the head or neck regions
Scaring or disfigurement of the chest or abdomen regions
Scaring or disfigurement of the arms or legs
Walk with limb
Loss of an arm or a leg
Loss of an eye
Learning/memory problems Problems with learning or memory
Psychological distress™ Anxious symptoms (six items)
Depressive symptoms (six items)
Somatic symptoms (six items)

NOTE. Sample question stems for pain symptoms: “For pain that you have had during the past 4 weeks, where has this pain been located: head (yes/no); neck
(yes/no); chest (yes/no); arm (yes/no); leg (yes/no); etc.”; for psychological distress: “How much that problem has distressed or bothered you during the past 7 days
including today: feeling blue (not at all/a little bit/moderately/quite a bit/extremely); feeling no interest in things (not at all/a little bit/moderately/quite a bit/extremely);
feeling lonely (not at all/a little bit/moderately/quite a bit/extremely); etc.”

“Data adapted.?®
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