1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer. Author manuscript; available in PMC 2021 June 15.

-, HHS Public Access
«

Published in final edited form as:
Cancer. 2020 June 15; 126(12): 2915-2923. doi:10.1002/cncr.32853.

Longitudinal Pain and Pain Interference in Long-Term Survivors
of Childhood Cancer: A Report from the Childhood Cancer
Survivor Study

Cynthia W. Karlson, PhD?, Nicole M. Alberts, PhD?2, Wei Liu, PhDZ2, Tara M. Brinkman, PhD?,
Robert D. Annett, PhD1, Daniel A. Mulrooney, MD?, Fiona Schulte, PhD3, Wendy M.
Leisenring, ScD?, Todd M. Gibson, PhD2, Rebecca M. Howell, PhD®, Deokumar Srivastava,
PhD?, Kevin C. Oeffinger, MD8, Leslie L. Robison, PhD?, Gregory T. Armstrong, MD, MSCE?,
Lonnie K. Zeltzer, MD?, Kevin R. Krull, PhD?

lUniversity of Mississippi Medical Center;

2St. Jude Children’s Research Hospital;

SUniversity of Calgary;

4Fred Hutchinson Cancer Research Center;

5The University of Texas MD Anderson Cancer Center;
6Duke Cancer Institute;

"UCLA David Geffen School of Medicine

Abstract

Background: The objective of this study was to characterize prevalence and risk for pain, pain
interference, and recurrent pain in adult survivors of childhood cancer, compared to siblings.

Methods: This study analyzed longitudinal data from survivors (n=10,012; 48.7% female;
median[range] age 31[17-57] years; median time since diagnosis 23 years) and siblings (n=3,173)
from the Childhood Cancer Survivor Study. Survivors were diagnosed between 1970 and 1986 at
one of 26 participating sites. Associations between risk factors (demographics, cancer-related,
psychological symptoms) with pain, pain interference, and recurrent pain (5 years apart) were
assessed using multinomial logistic regression. Path analyses examined cross-sectional
associations between risk factors and pain outcomes.

Results: Twenty-nine percent of survivors reported moderate-to-severe pain; 20% reported
moderate to extreme pain interference; and 9% reported moderate-to-severe recurrent pain. Female
sex, sarcoma/bone tumor diagnosis and severe/life-threatening chronic medical conditions were
associated with recurrent pain. Depression and anxiety were associated with increased risk on all
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pain outcomes. Poor vitality mediated the effects of anxiety on high pain and pain interference
(RMSEA 0.002).

Conclusions: A large proportion of adult survivors report moderate-to-severe pain and pain
interference more than 20 years post-diagnosis. Increased screening and early intervention for pain
interference and recurrent pain is warranted.

Precis:

In this longitudinal cohort analysis, compared to siblings, a large proportion of adult survivors of
childhood cancer continue to report significant pain and pain interference decades after diagnosis.
Enhanced screening and early intervention is warranted.

Keywords

pain; childhood cancer; survivors; depression; anxiety; fatigue; longitudinal

Introduction

There are over 420,000 survivors of childhood cancer in the United States,> many of whom
are at increased risk of developing physical and psychosocial late effects following cancer
therapy.2 Cancer therapy (chemotherapy, radiation, surgery) is associated with higher risk of
serious or life-threatening late effects.1-2 Many survivors report experiencing pain? and
clinically significant interference in daily activities due to pain (pain interference) in
adulthood.* However, small sample sizes, limited follow-up, and variable pain assessment®
have resulted in variability in prevalence estimates and predictors of pain outcomes.

In a previous cross-sectional study, the prevalence of pain or migraine/headache was
reported at 12.3-20.5% in long-term survivors.® Increased risk of pain is associated with
female sex and minority race/ethnicity,”® while younger age at diagnosis has been
associated with both higher® and lower risk of pain in long-term survivors.? Treatment with
vincristine and platinum agents,19 central nervous system radiation!! and amputation!2 has
been associated with increased risk for neuropathic pain.

The current study examined clinically significant (moderate to severe) pain at two time
points, 5 years apart. Current literature to guide hypotheses focuses on chronic pain (=3
months) in adults, as literature on pain across a 5-year interval is limited.13 Chronic pain has
biological, psychological, and social effects and origins and is therefore viewed from a
biopsychosocial perspective.14 The association between chronic pain and emotional distress
(depression and anxiety) is well-established among adult non-cancer populations!® and
appears to be bidirectional.18 Chronic pain can decrease mood and increase anxiety, which
in turn, can lead to restriction of activities and maintain pain. Within the general population,
chronic pain increases sleep disturbance and fatigue.1” which are associated with further
reduced functioning, both directly and indirectly via depression and anxiety. Similar
relationships are described in adult survivors of childhood cancer.18 Thus, we examined a
potential pathway of increased emotional distress being associated with increased fatigue,
and increased pain and pain interference.
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The prevalence of pain, pain interference, and recurrent pain (5 years apart), as well as
longitudinal associations with emotional distress and fatigue, has not been examined in long-
term childhood cancer survivors. The current study aims to address these gaps. We
hypothesized that: adult survivors of childhood cancer would report higher frequency of pain
than siblings; demographics (female, minority race), cancer-related factors (older age at
diagnosis, platinum chemotherapy, radiation, amputation, chronic medical conditions), and
emotional distress would be associated with worse pain outcomes; and emotional distress
would contribute to worse pain outcomes through lowered vitality (proxy for fatigue).

The Childhood Cancer Survivor Study (CCSS) is a retrospective cohort with longitudinal
follow-up of survivors diagnosed before 21 years of age, =5 years from diagnosis, treated at
one of 26 North American institutions between 1970 and 1986.1° Current participants
completed questionnaires at follow-up 2 (FU2, beginning in 2002) and/or follow-up 4 (FU4,
beginning in 2007) allowing longitudinal assessment of pain outcomes. The final study
sample included 10,012 survivors and 3,173 siblings. The CCSS study was approved by the
institutional review board at each institution and informed consent was obtained.

Primary Pain Outcomes

Risk factors

Three primary pain outcomes were derived using the bodily pain scale of the Short-Form 36
(SF-36).20 Participants answered the item “How much bodily pain have you had during the
past 4 weeks” (None to Very Severe). Late-occurrence painwas defined as moderate, severe
or very severe pain at either FU2 or FU4 (highest pain severity level reported at either time).
Participants answered the item “During the past 4 weeks, how much did body pain interfere
with your normal work” (Not at all to Extremely). Pain interference was defined as pain that
moderately, quite a bit or extremely interferes with normal work at either FU2 or FUA4.
Recurrent painwas defined as moderate, severe or very severe pain at both FU2 and FU4
(yes/no).

Two secondary pain outcomes were also derived using the SF-3620 bodily pain scale. Pain
trafectory characterized change across pain levels: (a) minimal pain (none to mild at both
FU2 and FU40; (b) worsened pain (none to mild at FU2 and moderate to very severe at
FU4); (c) improved pain (moderate to very severe at FU2 and none to mild at FU4). Pain
Interference trajectory characterized change across interference levels: (a) minimal
interference (not at all to a little bit at both FU2 and FU4); (b) worsened interference (not at
all to a little bit at FU2 and moderately to extremely at FU4); (c) improved interference
(moderately to extremely at FU2 and not at all to a little bit at FU4); (d) persistent
interference (moderately to extremely at both FU2 and FU4).

Demographic predictors included sex, race/ethnicity, age at survey. Descriptive
socioeconomic variables included marital status, personal annual income, employment
status, educational attainment. Cancer-related predictors included primary diagnosis, age at
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diagnosis, chemotherapy, cranial radiation therapy (CRT) dose, amputation surgery (yes/no).
CRT dose was determined based on radiotherapy records review,2! considered as a
continuous variable (per 10 Gy units). Total platinum chemotherapy dose (mg/m?2) was
grouped into a tertile score of 1 to 3, or assigned 0 for non-exposure.22 Chronic medical
conditions were categorized and graded based on Common Terminology Criteria for
Adverse Events, version 4.03.2% Unless otherwise noted, demographic, socioeconomic, and
cancer-related predictors measured at FU2 were used in analyses.

Depression and anxiety were measured using the 18-item Brief Symptom Inventory-18
(BSI-18),24 which utilizes a five-point Likert scale and is validated in adult survivors of
childhood cancer.2®> Raw scores are converted to sex-specific 7-scores, with higher scores
representing greater depression and anxiety. Change in depressionand change in anxiety
variables were calculated by subtracting the FU2 7-score from the FU4 7-score. Four items
on the SF-3620 measured vitality (the degree of feeling energetic and full of life versus
feeling tired and worn out) on a six-point Likert scale at FU2. Raw scores are converted to
7-scores, with lower scores representing lower vitality. Vitality was used as a proxy for
fatigue as it correlated 0.77 (/£<0.001) with the Functional Assessment of Chronic Iliness
Therapy- Fatigue subscale in cancer survivors and provided a larger sample.18

At both FU2 and FU4 participants were provided a list of common medications and asked to
write the name of all prescribed medications they took for more than one month or for a total
of 30 days in one year during the previous two-years. For this study, antidepressants, non-
opioid analgesics, and opioid analgesics were classified using the American Hospital
Formulary Service Drug Information online database.26

Statistical Analysis

Means and standard deviations were calculated for continuous variables and two-sample #
tests were conducted to compare survivors and siblings. Frequencies and Chi-Square tests
were conducted for categorical variables. Multiple imputation accounted for imputation
variability under the assumption that data are missing at random.2” Imputation was made
more efficient by first imputing a missing CRT dose for 2034 (14.2%) survivors using Hot
Deck Imputation approach?8 based on treatment era, age at diagnosis, and diagnosis. BSI T-
scores were then imputed for 2,287 (22.8%) survivors FU2 and 2,096 (20.9%) at FU4 data
simultaneously using the fully conditional approach (FCS option) in SAS (SAS 9.4, SAS
Institute, Cary NC), with race, sex, and CRT dose as covariates. All analyses were conducted
on the 20 imputed data sets.2” Parameter estimates and SEs were summarized using
MIANALY ZE procedure with MODELEFFECTS statement in SAS.

Comparisons of pain outcomes between survivors and siblings were conducted using
Multinomial Logistic Regression (GENMOD procedure, with Poisson distribution and LOG
link),2° adjusted for age at survey, sex, and chronic medical condition grade. Among
survivors, separate multinomial logistic regressions and log-binomial models examined
demographics, cancer-related factors, and emational distress on pain outcomes, adjusting for
age at diagnosis, years of follow-up, sex, race, depression, anxiety, antidepressant and
analgesic use. Relative risk (RR) are provided to indicate the increased risk of an exposed
group compared to a non-exposed group, along with the precision of the estimate (95% CI).
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Path analysis was used to examine the direct and indirect effects (through vitality) of
depression and anxiety on pain and pain interference using weighted least squares estimates
probit regressions from Mplus 7.4 (Los Angeles, CA).30 Demographics, antidepressant and
analgesic medication use, and chronic medical condition grade were also considered as risk
factors in the path analysis. The correlation between depression and anxiety (Spearman r=
0.61 p<0.001), as well as pain and pain interference (Cramer’s V = 0.54), was modeled in
path analyses.

Survivors versus Siblings

Survivors were roughly 7 years old (median=6.7, range=0-21) at diagnosis and 23 years
(median=23.0, range=15-35) post-diagnosis at FU2. The most common cancer diagnoses
were leukemia (34.0%), Hodgkin Lymphoma (12.7%) and CNS malignancy (12.5%).
Compared to siblings, survivors were slightly younger, more likely to be single/never
married, and have a lower annual income (Table 1).

Compared to siblings, survivors reported more severe/very severe pain (RR=1.28,
95%CI1=1.07-1.54; Table 2), quite a bit/extreme pain interference (RR=1.26, 95%CI=1.06—
1.51) and moderate-to-severe recurrent pain (RR=1.23, 95%CI=1.01-1.45). Trajectories of
pain (RR=1.21, 95%CI=1.01-1.45) and pain interference (RR=1.33, 95%CI=1.09-1.63)
were more likely to worsen from FU2 to FU4 for survivors compared to siblings (Table 2).

At FU2, survivors reported more symptoms of depression (M=49.2[11.9% clinical] vs.
M=47.0[7.3% clinical]; p<0.001) and anxiety (M=47.8[7.8% clinical] vs. M=46.8[5.7%
clinical]; p<0.001) compared to siblings. Survivors were more likely to have grade 3—4
chronic medical conditions than siblings (27.1% vs. 6.6%; p<0.001). At FU2, 13.02% of
survivors reported using antidepressants, 3.90% non-opioid analgesics, and 3.96% opioid
analgesics. Survivors reported greater total analgesic use than siblings (11.7% vs. 9.4%;
p=0.01) but no difference in antidepressant use (Supplemental Table 1).

Demographic Predictors of Pain Outcomes

Female sex was consistently associated with higher risk of severe/very severe late-
occurrence pain (RR=1.50, 95%CI1=1.49-1.51), quite a bit/extreme pain interference
(RR=1.51, 95%CI1=1.49-1.53), moderate-to-severe recurrent pain (RR=1.33, 95%CI 1.32—
1.34), and increased risk (19-29%) for worse pain and pain interference trajectories (Tables
3 and 4). Individuals older at follow-up and of minority race (Other than Non-Hispanic
White) showed increased risk for poor pain outcomes (Table 3).

Cancer-Related Predictors of Pain Outcomes

Each year older at diagnosis was associated with a 1-3% increased risk for late-occurrence
pain, pain interference, and moderate-to-severe recurrent pain (Tables 3 and 4). Compared to
leukemia, survivors of sarcoma/bone tumor had increased risk for severe late-occurrence
pain (RR=1.47, 95%CI 1.45-1.49), quite a bit/extreme pain interference (RR=1.38, 95%ClI
1.35-1.41), and moderate-to-severe recurrent pain (RR=1.33, 95%CI 1.32-1.34).
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Each 10Gy increase in CRT dose was associated with increased risk for moderate late-
occurrence pain and pain interference (RRs=1.02; Table 3). Platinum-based chemotherapy
increased the risk for moderate and severe late-occurrence pain and pain interference (RRs
1.02-1.17). Amputation increased risk for severe late-occurrence pain (RR=1.86,
95%C1=1.82-1.90), quite a bit/extreme pain interference (RR=1.42, 95%CI1=1.39-1.46), and
moderate-to-severe recurrent pain (RR=1.54, 95%CI1=1.52-1.56). The impact of treatment
variables on pain trajectory and pain interference trajectory was variable (Table 4).

Having a grade 3-4 chronic medical condition was associated with worse late-occurrence
pain and pain interference outcomes (RRs 1.33-2.06; Table 3), as well as moderate-to-severe
recurrent pain, worsened pain trajectory, and worsened/persistent pain interference trajectory
(RRs 1.25-1.53; Table 4).

Supplemental Tables 2 and 3 report the prevalence of adult survivor pain outcomes by
diagnosis and treatment. Supplemental Table 4 reports individual grade 3—4 chronic medical
condition associations with pain outcomes.

Psychological Predictors of Pain Outcomes

Among survivors, depression was associated with a higher risk for worse pain outcomes
(RRs 1.07-1.20; Tables 3 and 4). Every half standard deviation increase in depression from
FU2 to FU4 was associated with a 12% higher risk for worsened pain trajectory and 16%
higher risk for worsened pain interference trajectory. Anxiety showed the same pattern of
results as depression (Table 4). Antidepressant use was associated with worse pain outcomes
(RRs 1.22-2.44; Tables 3 and 4). Survivors who took analgesics showed the greatest risk for
reporting worse pain outcomes with increased risk ranging from 126% to 700%.

Path Analysis of Depression, Anxiety, Vitality, and Pain Outcomes

Depression and anxiety showed significant direct and indirect effects associated with
increased pain and pain interference (Figure 1). Increased depression had a significant direct
effect on lowered vitality. Increased anxiety showed direct and indirect effects through
lowered vitality on both pain and pain interference after adjusting for other risk factors. The
indirect effect through vitality accounted for 43.2% and 43.7% of total effect of anxiety on
pain and pain interference, respectively (Figure 1, Supplemental Table 5). Antidepressant
and analgesic use similarly showed significant direct and indirect effects through vitality on
pain and pain interference.

Discussion

This is the first study to characterize the prevalence and risk factors for pain and pain
interference using longitudinal assessment among adult survivors of childhood cancer.
Approximately 29% of adult survivors reported moderate to serve pain at least once, more
than 20 years post-diagnosis, 20% reported moderate to extreme pain interference, and 9%
reported moderate-to-severe pain at both time points (5 years apart). Pain prevalence rates
and analgesic use were significantly greater than those reported by siblings.
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As hypothesized, older age at diagnosis and follow-up, female gender, and grade 3-4
chronic medical condition were consistently associated with increased risk for worse pain
outcomes. Minority race, platinum-based chemotherapy, CRT, and CNS tumor were
associated with increased risk for late-occurrence pain and pain interference; however,
effects of these variables on moderate to severe recurrent pain, pain trajectory, and pain
interference trajectory was variable. Further research is needed investigating the impact of
chemotherapy and radiation treatment on longitudinal pain outcomes, as well as differences
in diagnosis groups.

Survivors of soft-tissue sarcoma/bone tumors reported more moderate-to-severe recurrent
pain and extreme pain interference than survivors of leukemia. Post-hoc analyses revealed
survivors of soft-tissue sarcoma/bone tumors were more likely to have amputation (7=501,
29.8%) than other diagnoses (n7=25, 0.3%; p<0.001), consistent with amputation post-
surgical pain outcomes in the general population.12 Close monitoring for persisting pain or
phantom limb pain,3! along with early treatment and rehabilitation should be considered for
survivors of soft-tissue sarcomas/bone tumors.

Depression and anxiety were associated with increased risk for worse pain outcomes. The
observed relationship between increased depression and anxiety symptoms over the 5-year
follow-up period and worsened pain trajectory and pain interference trajectory is consistent
with a bidirectional biopsychosocial model of chronic pain.14-18 Overlapping neurological
pathways involving the corticolimbic system (in particular the medial prefrontal cortex,
amygdala, and hippocampus) have been implicated in the robust and consistent relationships
observed between negative emotions and persistent pain.32 Path analysis models
demonstrated that higher emotional distress was associated with lower vitality, and lower
vitality accounted for 43% of the association between anxiety and pain outcomes. These
findings support our proposed pathway model and further emphasize the importance of
emotional distress and fatigue in relation to pain in adult survivors,16-18

Antidepressant use and analgesic use were associated with worse pain outcomes. Individuals
who used analgesics at both FU2 and FU4 (Table 4) had a 3.5-fold and 4.4-fold increased
risk for worsened pain interference and moderate-to-severe recurrent pain, respectively,
compared to no analgesics. While causation and directionality cannot be inferred, results
may suggest that analgesic use does not normalize pain reports over time. Combined
treatment modalities of pharmacologic, psychological, and exercise therapies appear most
effective for reducing pain and pain interference in survivors of adult-onset cancer.33 Future
work is needed to examine combined treatment modalities for chronic and/or recurrent pain
in adult survivors of childhood cancer.

Although our study is novel and the first to examine longitudinal patterns of pain in adult
survivors of childhood cancer, there are several limitations. Measurement of pain at two time
points five years apart may result in underestimation of the impact of pain and result in a
mixed group of chronic and recurrent pain. Chronic pain is examined more than recurrent
pain in the literature, with epidemiological studies suggesting chronic pain occurs in 20—
31% of the general adult population.34 The availability of only two data points to describe
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pain trajectory and lack of specificity regarding pain origin may limit description of the true
trajectory and pain interference. An additional limitation includes limited examination of
other medications, such as anticonvulsants, sometimes used for pain management, as reason
for prescription was not collected. Future research is needed to examine pain outcomes and
the impact of psychological factors using more frequent assessment and advanced statistical
models to directly assess the temporal relationships between treatment, psychological, and
pain outcomes.

In conclusion, these results suggest that increased screening of pain and pain interference
throughout survivorship of childhood cancer is warranted, particularly for survivors with
identified risk factors such as female sex, sarcoma/bone tumor, amputation, grade 3—4
chronic medical conditions, and higher levels of emotional distress and fatigue. Early
intervention may reduce long-term impacts of pain on functional outcomes.
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Refer to Web version on PubMed Central for supplementary material.
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Vitality

Antidepressants

Analgesics

Amputation

Pain
interference

’ Chronic Condition

Figure 1. Direct and indirect effects on pain and pain interference in adult survivors at FU2.
Notes. Model adjusted for race, sex, age at diagnosis, and follow-up time. Model Fit indices:

Comparative fit index (CFI) = 1.000; Root means square error of approximation (RMSEA) =
0.002, (90% CI 0.000 — 0.014). All estimates are standardized estimates. All p’s < 0.001,
except for p=0.381 for amputation on vitality, p = 0.003 for amputation on pain, and p=
0.017 for race on pain interference.
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Table 1.

Demographics and cancer-related characteristics of adult childhood cancer survivors and siblings

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Survivors® Siblingsa
N =10,012 N =3,173
Med Range Med Range P-value
Age at diagnosis Years 6.7 0-20.99
Time since diagnosis Years 23 15-35
Age at FU2 follow-up Years 31 17-57 33 9-58 <0.001
Total cranial radiation dose” Gy 24 03-106
n % n % P-value
Marital status Single/Never married 4519 456 999 31.7
Married or Living as married 4615 46.5 1862 59.1
Widowed/Divorced/Separated 782 7.9 291 9.2 <0.001
Education Non-college graduate 5371 53.8 1489 46.9
College graduate 4621 46.2 1683 53.1 <0.001
Sex Male 5139 51.3 1487 46.9
Female 4873 48.7 1686 53.1 <0.001
Race/Ethnicity Non-Hispanic White 8557 855 2797 88.1
Non-Hispanic Black 356 3.6 75 24
Hispanic 426 43 98 3.1
Others 673 6.7 203 6.4 <0.001
Annual household income <$20,000 1150 13.4 212 75
$20,000-$59,999 3768 439 1054 37
>=$60,000 3657 427 1580 55,5 <0.001
Health insurance Yes/Canadian resident 8703 87.7 2855 90.4
No 1222 12.3 303 9.6 <0.001
Diagnosis Leukemia 3408 34.0
CNS tumor 1254 125
Hodgkin lymphoma 1273 12.7
Non-Hodgkin lymphoma 768 7.7
Wilm’s tumor 943 9.4
Neuroblastoma 686 6.9
Soft Tissue sarcoma 872 8.7
Bone tumor 809 8.1
Amputation surgery No 9482 94.7
Yes 526 53
Chemotherapy platinum agents No 8711 95.5
Yes 415 45
Total platinum score (tertiles) 0 8711 95.8
1 144 1.58
2 73 0.8
3 162 1.78

Cancer. Author manuscript; available in PMC 2021 June 15.
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Chronic medical condition Grade 0-2¢ 7281 727 2955

Grade 347 2731 273 218

93.1

6.9

<0.001

aDemographic information is presented from FU2 survey, unless missing, then FU4 was used.
bTotaI cranial radiation dose among those who received CRT (n=3296).
cChronic medical condition grade 0-2 at both FU2 and FU4.

dChronic medical condition grade 3—4 at eigher FU2 or FU4.
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