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Abstract

Background—Childhood cancer survivors are at risk for emotional distress symptoms, but
symptom comorbidity has not been previously examined. We examined distress profiles in adult
survivors of childhood cancer diagnosed between 1970 and 1999.

Methods—Self-reported depression, anxiety, and somatization symptoms from the Brief
Symptom Inventory-18 were examined in survivors (N=16,079) and siblings (N=3,085) from the
Childhood Cancer Survivor Study. Latent profile analysis identified clusters of survivors with
individual and comorbid symptoms. Disease, treatment and demographic predictors of distress
comorbidity patterns were examined using multinomial logistic regressions.

Results—Four clinically relevant profiles were identified: low distress on all subscales
(asymptomatic, 62%); high distress on all subscales (comorbid distress, 11%); elevated
somatization (somatic symptoms, 13%); elevated depression and anxiety (affective distress, 14%).
Compared to siblings, fewer survivors were asymptomatic (62% v. 74%, p<0.0001) and more had
comorbid distress (11% v. 5%, p<0.0001). Survivors of leukemia (OR 1.34, 95%Cl 1.12-1.61),
CNS tumor (OR 1.30, 95%CI 1.05-1.61), and sarcoma (OR 1.26, 95%CI 1.01-1.57) had higher
comorbid distress risk than solid tumor survivors. Psychoactive medications were associated with
comorbid distress (p’s< 0.0001), suggesting this group was refractory to traditional medical
management. Comorbid distress was associated with poor perceived health (OR 31.7, 95%ClI
23.1-43.3); headaches (OR 3.2, 95%CI 2.8-3.7) and bodily pain (OR 4.0, 95%CI 3.2-5.0).
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Conclusion—A significant proportion of survivors are at risk for comorbid distress, which may
require extensive treatment approaches beyond those utilized for individual symptoms.

Abbreviated abstract
We examined emotional distress profiles in childhood cancer survivors. We identified four unique

patterns, including a group with comorbid symptoms that require different intervention
approaches.

Keywords

Comorbidity; Quality of life; Psychosocial late effect; Brief Symptom Inventory-18; Latent profile
analysis

Pediatric cancer survival has improved, leading to growing numbers of adult survivors of
childhood cancer? at risk for physical, neurocognitive, and psychosocial late effects of their
disease and treatment.2~4 Monitoring emotional distress in long-term childhood cancer
survivors is recommended standard of care across North America and Europe.>8

Cross-sectional studies of emotional distress have shown that although most survivors are
well-adjusted,®10 some experience significant distress.1911 Prevalence rates of post-
traumatic stress in survivors have been reported to be as high as 35%.1213 Survivors report
higher levels of distress compared to siblings19-14 and non-cancer psychotherapy patients,4
and are twice as likely to report suicidal ideation compared to siblings.1>:16 Longitudinal
studies of depression, anxiety and somatization symptoms, measured with the Brief
Symptom Inventory (BSI-18),17 indicate that most survivors report consistently low distress
levels, but, importantly, a subset report persistently elevated or increasing distress over
time.?

The BSI-18 is used in clinical groups and the general population; its three-factor structure
(depression, anxiety, somatization) was confirmed in childhood cancer survivors.18 Previous
studies examined BSI subscales separately, or used the Global Severity Index (GSI: sum of
the three subscales) to measure overall distress. However, elevations on one or more
subscales result in elevated GSI scores for different symptom combinations. Thus distress
profiles cannot be appreciated by the GSI or each subscale alone. Profiling comorbid
symptoms is necessary to develop effective, personalized interventions, particularly for those
most in need. Different interventions target combined depression-anxiety versus somatic
symptoms. Survivors with complex or comorbid distress may be refractory to routine
clinical care, requiring intense, multimodal treatments. To address these needs, examining
single scores is insufficient; an approach that measures single symptoms and symptom
clusters is needed to profile survivors for targeted interventions.

The aims of this study were to identify clusters of survivors based on combined distress
symptoms using latent profile analysis (LPA), and to determine disease, treatment, and
sociodemographic predictors associated with each cluster. We hypothesized the following
clusters based on a conceptual distinction between physical (somatic) and affective (anxiety
and depression) symptoms: (1) low scores on all three BSI-18 subscales (asymptomatic), (2)

Cancer. Author manuscript; available in PMC 2017 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

D'Agostino et al.

METHODS

Population

Measures

Page 3

high scores on all three subscales (comorbid emotional distress), (3) primarily somatization
(somatic symptoms), (4) primarily depression and/or anxiety (affective distress).

The Childhood Cancer Survivor Study (CCSS) is a multi-institutional retrospective cohort
study, with longitudinal follow-up of childhood cancer survivors treated at 31 institutions in
North America (https://ccss.stjude.org/). Survivors (n=16,079) in this analysis were
diagnosed with cancer (leukemia, central nervous system (CNS) malignancy, Hodgkin
lymphoma, non-Hodgkin lymphoma, Wilms tumor, neuroblastoma, soft tissue sarcoma,
bone tumor) before age 21, treated between January 1, 1970 and December 31, 1999 and
alive five years after diagnosis.. Their siblings (n=3085) served as a comparison group.
Respondents were at least 18 years old and completed the BSI-18 on their baseline
evaluation (1992-2015). The CCSS methodology and design have been previously
described,1® approved by institutional review boards at all sites, and participants provided
informed consent.

Emotional distress was measured using the BSI-18. Depression, anxiety, and somatization
subscale scores were converted to T-scores (mean 50, SD 10) based on community
normative data.1” Predictors of distress included primary cancer diagnosis, age at diagnosis,
time since diagnosis, current perceived health, pain, chemotherapy, radiation, and
sociodemographic variables including sex, race, age, health insurance, education, marital
status and annual household income. Psychoactive medications were classified based on the
American Hospital Formulary Service Drug Information database as previously described.22

Data Analyses

T-tests and chi-square tests were used to compare demographic characteristics between
survivors and siblings. LPA was used to identify sibling clusters based on BSI-18 symptom
patterns. Latent clusters were first identified in siblings by randomly splitting the cohort into
training (50%) and validation sets (50%). For the training set, LPA was run with a pre-
specified number of latent clusters, K, ranging from 2 to 6. Akaike information criterion,
Bayesian information criterion, and Lo-Mendell-Rubin adjusted likelihood ratio tests were
used to determine K. At least 5% of the sample was required to include each cluster.
Adjusted rand index was used to measure reliability between clusters identified by LPA in
the validation set and by nearest centroid method to validate the training set cluster model.
The centers of the validated cluster model in siblings were used to derive latent clusters in
survivors using nearest centroid method. Derived clusters from this approach were used for
all analyses in survivors. To verify that siblings and survivors had the same cluster pattern,
LPA was run in survivors using the same training and validation process as that in siblings.
Frequencies and percentages of cluster membership were compared between survivors and
siblings using chi-square tests. Frequencies across clusters were examined by diagnosis,
diagnosis decade, treatment, and individual variables associated with emotional
distress,911.22-24 and comparisons made using chi-square tests for categorical and analyses
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of variance for continuous variables. Separate multinomial regressions were generated for
diagnosis and treatment predictors, and for predictors associated with long-term outcomes of
diagnosis/treatment (e.g. educational attainment, perceived current health, pain). Risk for
comorbid, somatic or affective cluster membership was referenced to the asymptomatic
cluster. No adjustments were made for multiple comparisons.

Survivor and sibling demographics, and survivor diagnosis and treatment characteristics are
presented in Table 1.

Comorbidity Patterns

LPA supported a 4-cluster model for siblings and survivors (Supplemental Table 1). Good
agreement between training and validation clusters (Adjusted Rand Index; siblings = 0.78,
survivors = 0.88) was demonstrated. Cluster membership frequency differed between groups
(XZ = 204.5, p<0.0001), with more siblings than survivors in the asymptomatic cluster
(sibling n=2294, 74.4% vs survivor n=9914, 61.8%, p<.0001). In contrast, more survivors
than siblings were in the comorbid (survivor n=1722, 10.7% vs sibling n=149, 4.8%;
p<0.0001), somatic (survivor n=2168, 13.5% vs sibling n= 281, 9.1%; p<0.0001) and
affective clusters (survivor n=2229, 13.9% vs sibling n=361, 11.7%; p=0.0011). Moreover,
survivors and siblings within the comorbid cluster had scores above the clinical cutoff
(T=63) on all three scales, while those in affective or somatic clusters were primarily
impaired on depression or somatization scales, respectively (Table 2). Frequency of survivor
cluster membership differed by demographic, diagnosis, treatment and health-related
predictors (Table 3). From the 1970’s to the 1990’s rates of affective distress in survivors
declined, but comorbid distress increased (X2:16.9; p=0.0095). All classes of psychoactive
medication use were associated with comorbid distress (all p’s <0.0001).

Comorbidity Predictors

In the diagnosis multivariable model (Table 4), CNS tumor survivors were at approximately
30% higher risk of comorbid symptoms (OR 1.30, 95%CI 1.05-1.61) and affective distress
(OR 1.29, 95%CIl 1.08-1.55) compared to solid tumor survivors. Other diagnoses associated
with comorbid distress included leukemia (OR 1.34, 95%CI 1.12-1.61) and bone and soft
tissue sarcomas (OR 1.26, 95%CI 1.01-1.57).

In the treatment multivariable model (Table 5), cranial radiation was associated with a 14%
higher risk of affective distress (OR 1.14, 95%CI 1.01-1.28) compared to no radiation.
Radiation to other parts of the body was associated with a 27% higher risk of somatic
symptoms (OR 1.27, 95%CI 1.12-1.44). Alkylating agents were associated with affective
distress (OR 1.16, 95%CI 1.04-1.30). In contrast, anthracyclines reduced the risk of
affective distress (OR 0.72, 95%CI 0.64-0.81) and steroids reduced the likelihood of
somatic symptoms by 17% (OR 0.83, 95%CI 0.73-0.94).

The health-related predictor multivariable model (Table 6) included variables potentially
affected by diagnoses/ treatments. We therefore excluded diagnosis/treatment variables to
avoid confounding. Compared to survivors reporting excellent perceived health, those with
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fair/poor health had a 32-fold risk for comorbid distress (OR 31.66, 95%CI 23.13-43.34), a
9-fold risk for somatic symptoms (OR 8.97, 95%CI 7.17-11.23), and a 6-fold risk for
affective distress (OR 5.59, 95%Cl 4.48-6.97). Survivors with headache and bodily pain
showed similar patterns. Divorced/separated marital status, less than college education, and
lower income were risks for comorbid distress. Having health insurance decreased risk of
distress cluster membership, suggesting higher untreated distress in those uninsured. In
terms of race, black survivors were less likely than white survivors to have comorbid or
affective distress. In all 3 models, female sex was a risk for somatic symptoms and comorbid
distress.

DISCUSSION

Profiling patterns of distress in long-term childhood cancer survivors revealed novel findings
including identification of four distinct groups: those who were asymptomatic, those with
affective distress, those with somatic symptoms and, most importantly, a significant
proportion with comorbid distress. Frequencies of affective, somatic, and comorbid
symptoms were higher in survivors than in siblings. Among survivors, 38% demonstrated a
pattern of distress, with affective distress and somatic symptoms being most common.
Moreover, 11% were categorized in the comorbid distress cluster, more than twice the rate in
siblings. Our approach highlights unique cluster membership predictors, implications for at-
risk patient identification, and targeted intervention development.

Comorbid distress was associated with CNS tumor, leukemia, and sarcoma diagnoses, and
poor perceived health, headache, and bodily pain. Other comorbid distress predictors
included female sex, low income and marital status (single, divorced/separated). Survivors in
the comorbid distress cluster reported the highest distress levels on all three subscales.
Along with the asymptomatic group, survivors in the comorbid distress cluster had the
highest rates of psychoactive medication use. Psychoactive medications may therefore be
effective in alleviating symptoms in asymptomatic survivors. Those in the comorbid group
remain symptomatic because they may be resistant to treatment or not managed adequately.
These findings raise concerns because previous work showed that survivors tend to under-
report social and/or emotional difficulties?® and that BSI-18 scores may underestimate
distress in adult childhood cancer survivors.28 Those studies raise the possibility that the
frequency and level of distress — particularly comorbid distress — may be underestimated in
this study.

The current analysis supports a distinction between affective distress and somatic symptoms,
with survivors who received cranial radiation at increased risk for affective distress, and
those who received non-cranial radiation at increased risk for somatic symptoms. Predictors
of affective distress also included treatment with alkylating agents, younger age at diagnosis,
and shorter time since diagnosis. In contrast, steroid or anthracycline treatments were
protective for somatic symptoms. Together, this suggests that brain injury due to diagnosis or
treatment poses a significant risk for depression or comorbid distress, consistent with
evidence of depression many years after childhood traumatic brain injury.2’
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Although diagnosis, treatment, age and time variables contributed to distress comorbidities,
the odds ratios were relatively small, consistent with research suggesting that cancer
treatment variables account for a small proportion of the variance when measuring distress
in long-term survivors.Critical variables underlying survivors’ long-term distress and
psychological adaptation include cognitive factors such as coping style,28:2° perceptions
about the cancer experience,30 perceived health® and/or current physical health..

Sociodemographic factors that mitigate comorbid distress include college education, high
income, living as married, and medical insurance coverage. Higher socioeconomic status
and/or increased access to support services contribute to better psychological outcomes in
diverse patient groups including cancer.11:31 With the advent of the Affordable Care Act, it
will be interesting to explore longitudinal changes in distress and utilization of support
services in American survivors.

Limitations of this work include reliance on self-reported outcomes, absence of information
regarding psychiatric history, other stressful life events, or psychosocial variables that
contribute to distress. However, emotional distress inherently depends on mental state self-
evaluation, therefore self-report is often the most accurate way to assess symptoms.
Important follow-up analyses include examining persistence of identified distress patterns
and changes in health status associated with longitudinal comorbid distress.

Notwithstanding these limitations, this study provides novel information on distress
comorbidity profiles. Risk factors identified in our study are similar to those identified in
previous reports of elevations of single BSI-18 subscales. However, those studies do not
distinguish between survivors elevated on multiple scales and survivors who are not. By
profiling symptom clusters, we identify groups of survivors based on different
symptomatology patterns and associated risk, with implications for implementing specific
interventions based on cluster profile. Multimodal interventions are likely necessary to
address complex profiles reported by comorbid distress cluster members, including
psychoactive medications, and psychotherapy exploring survivors’ attitudes towards their
cancer experience. Survivors endorsing primarily somatic symptoms may need
pharmacological and strategic management of symptoms and chronic pain, including
mindfulness or physical exercise. Those in the affective distress cluster may benefit most
from antidepressant and cognitive behavioral treatments. Our findings lay the groundwork
for clinical trials that evaluate effectiveness of treatments based on distress symptom
profiles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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