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A B S T R A C T

Purpose
To compare age-dependent changes in health status among childhood cancer survivors and a
sibling cohort.

Methods
Adult survivors of childhood cancer and siblings, all participants of the Childhood Cancer Survivor
Study, completed three surveys assessing health status. At each of three time points, participants
were classified as having poor outcomes in general health, mental health, function, or daily
activities if they indicated moderate to extreme impairment. Generalized linear mixed models
were used to compare survivors with siblings for each outcome as a function of age and to identify
host- and treatment-related factors associated with age-dependent worsening health status.

Results
Adverse health status outcomes were more frequent among survivors than siblings, with
evidence of a steeper trajectory of age-dependent change among female survivors with impair-
ment in at least one health status domain (P � .01). In adjusted models, survivors were more likely
than siblings to report poor general health (prevalence ratio [PR], 2.37; 95% CI, 2.09 to 2.68),
adverse mental health (PR, 1.66; 95% CI, 1.52 to 1.80), functional impairment (PR, 4.53; 95% CI,
3.91 to 5.24), activity limitations (PR, 2.38; 95% CI, 2.12 to 2.67), and an adverse health status
outcome in any domain (PR, 2.10; 95% CI, 1.97 to 2.23). Cancer treatment and health behaviors
influence the magnitude of differences by age groups. Chronic conditions were associated with
adverse health status outcomes across organ systems.

Conclusion
The prevalence of poor health status is higher among survivors than siblings, increases rapidly
with age, particularly among female participants, and is related to an increasing burden of
chronic health conditions.

J Clin Oncol 33:479-491. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Cancer during childhood predisposes patients to ad-
verse outcomes that negatively affect health status
and quality of survival.1 The risk and manifestation
of adverse health outcomes in an individual patient
is influenced by a myriad of factors including
premorbid health conditions,2,3 genetic or famil-
ial characteristics,4-7 specific treatment modalities
and intensity,8 and lifestyle issues.9 Adverse
psychosocial effects of cancer on educational
achievement, employment status, and household
income may affect the course of late effects by
their impact on survivor access to health insur-
ance, health care, and rehabilitative services.10-12

Characterization of sociodemographic, treatment, and

behavioral factors associated with increased risk
of poor physical and psychological health after
childhood cancer may expedite provider identifi-
cation of survivors in need of access to interven-
tions to preserve or improve health.

We previously evaluated baseline health status
of adults participating in the Childhood Cancer Sur-
vivor Study (CCSS),10 which provided a cross-
sectional analysis of survivorship in early adult years.
However, knowledge deficits remain regarding im-
portant areas of long-term health, particularly re-
garding how cancer-related morbidity affects the
natural course of organ senescence and its ultimate
impact on long-term health status. Increasing num-
bers of studies have reported that survivors experi-
ence earlier onset or accelerated progression of
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adverse health conditions commonly associated with aging.13-15 In
our current study, we assessed the CCSS cohort’s health status over
time, using the original six health domains to evaluate the impact of
aging on cancer-related morbidity. The goal of the study was to iden-
tify sociodemographic, treatment, and behavioral factors associated
with declining health status to guide clinical care and inform future
investigations to improve and preserve survivor health.

METHODS

Participants

Participants for these analyses were members of the CCSS cohort who
completed a series of three surveys that were distributed over a 15-year period
and who consented to medical record abstraction.16,17 Briefly, eligible partic-
ipants had survived cancer for at least five years and were diagnosed at one of
26 institutions in North America when they were younger than age 21 years. A
sibling comparison group was also enrolled onto the study, and they com-
pleted questionnaires at similar time points. Protocol documents were ap-
proved by institutional review boards at each institution; participants provided
informed consent.

Health Status

Our primary outcomes were six domains of health status: general health,
mental health, functional impairment, activity limitations, pain as a result of
cancer treatment, and anxiety/fears related to cancer and/or treatment. Partic-
ipants contributed information corresponding to their age at the time of each
survey, potentially providing responses at up to three time points. As in our
previous cross-sectional analysis,10 participants were classified as having poor
general health if they responded “poor” or “fair” to the question, “Would you
say that your health is excellent, very good, good, fair, or poor?” Adverse
mental health status was assigned to participants whose responses to the Brief
Symptom Inventory 18 resulted in a sex-specific T-score of 63 or higher on the
Global Severity Index or any one of the Depression, Anxiety, or Somatization
subscales.18 Participants were categorized with functional impairment if they
reported that a health problem resulted in them needing help with personal
care or routine needs, or if it resulted in difficulty attending work or school.
Activity limitations were assigned to participants who reported that health
limited moderate activities, such as walking upstairs or climbing a few flights of
stairs, or walking one block three or more months out of the past two years.
Survivors were dichotomized as having medium, a lot, or very bad, excruciat-
ing pain related to their cancer/treatment versus none or a small amount of
pain, and medium, a lot, or very many, extreme fears or anxiety related to their
cancer/treatment versus no or a small amount of anxiety or fears. Siblings were
categorized in the general and mental health categories and the functional
impairment and activity limitation categories only. To characterize overall
burden, the total number of adverse health status outcomes was calculated,
including poor general health, adverse mental health, functional impairment,
and activity limitations.

Independent Variables

We evaluated demographic variables in models, including age at ques-
tionnaire, sex, race/ethnicity, educational attainment (high school graduate or
not), annual household income, and health insurance status. Personal charac-
teristics included body mass index, drinking status,19 smoking status,20 and
physical activity (Table 1). We considered disease and treatment variables such
as primary diagnosis; age at diagnosis; time from diagnosis to questionnaire;
exposure to anthracycline and alkylating agents; and radiation to the brain,
chest, or abdomen. Surgical procedures included craniotomy, thoracotomy,
nephrectomy, cystectomy, and amputation.

We graded the severity of chronic medical conditions across 13 catego-
ries using the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0. Conditions were graded as mild (grade 1), mod-
erate (grade 2), severe/disabling (grade 3), or life threatening (grade 4), and

were included in models if they were grade 3 or 4 and if onset was before the
time of survey completion.

Statistics

Because participants contributed data from one, two, or three question-
naires, analyses were carried out with the survey as the denominator, along
with covariates relevant to that survey. Descriptive statistics were calculated to
characterize the study population. We calculated percentages of responses
indicating poor health status for each outcome and compared them between
siblings and survivors, overall and by diagnostic group, using generalized
linear models with a log-link function to allow direct estimation of prevalence
ratios (PR) along with robust variance estimates to account for within-person
correlation.21 Models were adjusted for demographic and personal character-
istics, except insurance status, which was not associated with outcomes in
univariable analyses. To evaluate the potential difference in trajectory of
change in prevalence of adverse health status between survivors and siblings as
a function of age, an interaction term for survivor status by five-year age group
was included in each model. Figures illustrating the age-dependent relation-
ships were constructed using lowess smoothers.22 In separate models among
survivors, we evaluated host-and treatment-related predictors of adverse
health status outcomes and associations between chronic conditions and ad-
verse health status outcomes, including variables with a univariable signifi-
cance level of less than 0.1, accounting for within-person correlation with
robust variance estimates. We estimated the probability of participation for
each participant for each questionnaire for which they were alive, based on age
at diagnosis, age at questionnaire (estimated if questionnaire was missing), sex,
race, baseline educational attainment, and income. We evaluated the impact of
nonparticipation by including inverse probability weights to calculate
prevalence estimates and to evaluate associations between host- and
treatment-related factors and each outcome. Because there were no apprecia-
ble differences between models with and without inverse probability weights,
we present results from unweighted models.23 We used SAS version 9.3 (Cary,
NC) for all analyses. Graphs were constructed with Stata version 11.2 (College
Station, TX).

RESULTS

Participants

Of 12,846 potentially eligible study participants who were alive
and age 18 years or older at the baseline survey in 1995, 9,711 partici-
pants completed the surveys. The Data Supplement (online-only)
compares characteristics of participants by number of questions com-
pleted. In 2003 and 2007, respectively, 6,875 and 5,982 survivors
completed surveys at each follow-up period. All three questionnaires
were completed by 5,474 survivors. The comparison group included
3,206 siblings at baseline, 2,351 in 2003, and 1,947 in 2007. Character-
istics of the study population are listed in Table 1.

Adverse Health Status Among Siblings and Survivors

by Age and Diagnosis Groups

Figure 1 and the Data Supplement show overall and sex-specific
percentages of survivors and siblings with adverse health status out-
comes as a function of age and sex (Data Supplement; Table 2, Table 3,
and Table 4) and by specific cancer histology (Data Supplement). Both
survivors and siblings had an age-dependent increase in the preva-
lence of poor general health, functional impairment, and activity lim-
itations. The percentages of survivors and siblings with adverse mental
health status and survivors reporting cancer-related pain or anxiety
did not increase with age. Adverse health status outcome percentages
were higher among both male and female survivors than among
siblings, with evidence of a steeper trajectory as a function of age
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among female survivors for poor health status in at least one domain
compared with female siblings (P � .01). In adjusted models, survi-
vors were more likely than siblings to report poor general health (PR,
2.37; 95% CI, 2.09 to 2.68), adverse mental health (PR, 1.66; 95% CI,
1.52 to 1.80), functional impairment (PR, 4.53; 95% CI, 3.91 to 5.24),

Table 1. Host- and Treatment-Related Characteristics of Cancer Survivors
and Siblings

Characteristic

Survivor Group
(n � 22,568;

%)�

Sibling Group
(n � 7,504;

%)� �2 P

Sex � .0001
Male 51.9 46.4
Female 48.1 53.6

Race/ethnicity � .0001
White 88.8 89.2
Black 3.7 2.2
Hispanic 4.6 2.9
Other 2.6 2.4
Not reported 0.4 3.3

High school graduate � .0001
Yes 87.4 91.5
No 6.3 3.5
Not reported 6.3 5.1

Annual household income � .0001
� $20,000 14.2 7.3
� $20,000 74.7 85.6
Not reported 11.0 7.0

Health insurance � .0001
Yes/Canadian 86.8 90.0
No 12.0 9.2
Not reported 1.2 0.7

Body mass index, kg/m2† � .0001
Underweight 4.7 2.5
Normal 48.0 46.2
Overweight 29.1 30.7
Obese 18.2 20.6

Heavy/binge drinker‡ � .0001
Yes 10.4 13.3
No 89.6 86.7

Smoking status � .0001
Never 71.5 61.3
Former 11.2 16.4
Current 17.2 22.3

Meets CDC physical activity
guidelines§ � .0001

Yes 70.6 77.2
No 29.4 22.8

Grade 3-4 chronic conditions � .0001
One 25.7 9.8
Two or more 10.9 1.7

Age group picked on
questionnaire, years � .0001

18-24 18.2 13.4
25-29 18.7 17.3
30-34 24.1 21.8
35-39 19.4 19.9
40-44 12.1 15.1
� 45 7.4 12.6

Age at diagnosis, years
Mean 9.5
Standard deviation 5.6
Range 0-20

Time from cancer diagnosis, years
Mean 22.4

Standard deviation 6.8
Range 6-39

(continued in next column)

Table 1. Host- and Treatment-Related Characteristics of Cancer Survivors
and Siblings (continued)

Characteristic

Survivor Group
(n � 22,568;

%)�

Sibling Group
(n � 7,504;

%)� �2 P

Diagnosis
Leukemia 30.4
CNS malignancy 12.4
Hodgkin’s lymphoma 17.1
Non-Hodgkin’s lymphoma 9.1
Wilms tumor 6.7
Neuroblastoma 4.1
Soft-tissue sarcoma 9.6
Bone malignancy 10.6

Select chemotherapy exposures
Anthracycline agents 26.9
Alkylating agents 52.0

Brain radiation, maximum
dose, Gy

None 66.9
3.0-23.9 9.2
24.0-29.9 12.8
� 30.0 11.1

Chest radiation, maximum
dose, Gy

None 71.6
6.2-23.9 7.4
24.0-37.9 11.4
� 38.0 9.6

Abdominal radiation, maximum
dose, Gy

None 74.2
14.0-23.9 7.0
24.0-34.9 8.6
� 35.0 10.2

Pelvic radiation, maximum
dose, Gy

None 79.7
6.1-23.9 5.3
24-34.9 6.7
� 35.0 8.3

Surgery
Craniotomy 10.1
Thoracotomy 4.4
Nephrectomy 5.8
Cystectomy 0.7
Upper extremity amputation 0.5
Lower extremity amputation 4.8

Abbreviations: BMI, body mass index; CDC, Centers for Disease Control
and Prevention.

�Represents 9,711 survivors and 3,206 siblings who completed the baseline
questionnaire; 6,875 survivors and 2,351 siblings who completed the 2003
questionnaire; and 5,982 survivors and 1,947 siblings who completed the
2007 questionnaire.
†BMI was categorized as underweight (� 18.5 kg/m2), normal weight

(18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2) or obese (� 30 kg/m2).
‡Heavy/binge drinking was assigned to male participants who reported

consuming � 4 drinks/day or � 14 drinks/week and to female participants
who reported consuming � 3 drinks/day or � 7 drinks/week.
§The equivalent of at least 150 minutes moderate physical activity per week.
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Fig 1. Prevalence of survivors and siblings with a poor health status outcome in (A) any domain, (B) general health, (C) mental health, (D) function, and (E) activity
by age, with prevalence ratios for each adverse outcome, comparing survivors to siblings by five-year age group.
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activity limitations (PR, 2.38; 95% CI, 2.12 to 2.67), and an adverse
health status outcome in any domain (PR, 2.16; 95% CI, 1.97 to 2.23;
Table 3; Table 4; Data Supplement). Survivors of Hodgkin’s lym-
phoma (HL) and non-Hodgkin’s lymphoma had the largest increases
in the prevalence of poor general health with age, with 10.4% increases
in both groups from the 18-to-24 years old to the � 45 years old age
groups. HL survivors also had the greatest age-dependent increases in
functional impairment and activity limitations (Table 2). By age 45
years, 25.5% of CNS tumor survivors, 23.8% of HL survivors, and
29.4% of bone-tumor survivors reported adverse health status in two
or more domains when compared with 5.8% of siblings in the same
age group (Data Supplement).

Adverse Health Status Among Survivors by Host- and

Treatment-Related Factors

Table 3 lists the results of a multivariable model evaluating risk
factors for poor health status outcomes in each of the six domains or
any domain. Female sex, annual household income of less than
$20,000 per year, not graduating from high school, obesity, smoking,
and not meeting recommended physical activity guidelines were asso-
ciated with adverse health status across multiple domains. Nonwhite
race was associated with poor general health, adverse mental health,
and functional impairment. Older age was associated with poor gen-
eral health, functional impairment, and activity limitations.

Alkylating-agent exposure was associated with adverse health
status across all domains. Anthracycline exposure was associated with

poor general health, activity limitations, cancer-related pain, and
cancer-related anxiety. Cranial radiation exposure was associated
with poor general health, functional impairment, activity limita-
tions, and cancer-related pain, with the highest risk for adverse
health status in the � 30 Gy dose group. Chest radiation exposure
was associated with poor general health and activity limitations. A
history of brain surgery was associated with poor general health,
adverse mental health, functional impairment, and activity limita-
tions. Bladder surgery was associated with poor general health,
functional impairment, activity limitations, and cancer-related
pain. Lower extremity amputation was associated with functional
impairment and activity limitation; upper or lower extremity am-
putation was associated with cancer-related pain.

Adverse Health Status Among Survivors by

Chronic Conditions

Table 4 details the impact of chronic health conditions on health
status. In adjusted models, the risk for adverse health status across all
or any domains was higher among survivors with any (versus those
with none) grade 3 to 4 chronic conditions. PRs ranged from 1.56
(95% CI, 1.42 to 1.72) for cancer-related anxiety to 3.25 (95% CI, 2.97
to 3.55) for functional impairment. Survivors with two or more
chronic conditions were at even greater risk, with PRs of 2.03 (95% CI,
1.76 to 2.34) for cancer-related anxiety and 5.45 (95% CI, 4.81 to 6.17)
for functional impairment. Chronic conditions were associated with
adverse health status across organ systems.

Table 4. Prevalence Ratios and 95% CIs for Adverse Health Outcomes by Chronic Condition Status

Variable

General Health Mental Health Functional Health Activity Limitation
Cancer-Related

Pain
Cancer-Related

Anxiety

Any Adverse
Health Status

Domain

PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI

Any versus no chronic
condition, grade
3-4� 2.39 2.17 to 2.64 1.78 1.63 to 1.95 3.25 2.97 to 3.55 3.20 2.91 to 3.53 2.41 2.15 to 2.69 1.56 1.42 to 1.72 2.37 2.21 to 2.54

One versus no
chronic condition,
grade 3-4� 1.96 1.76 to 2.19 1.53 1.38 to 1.69 2.62 2.38 to 2.89 2.53 2.28 to 2.82 2.25 1.99 to 2.55 1.41 1.26 to 1.57 1.99 1.85 to 2.15

Two or more versus
no chronic
conditions, grade
3-4� 3.80 3.33 to 4.34 2.63 2.32 to 2.98 5.45 4.81 to 6.17 5.41 4.75 to 6.16 2.87 2.45 to 3.37 2.03 1.76 to 2.34 3.95 3.53 to 4.42

Organ system-specific
versus no organ-
specific chronic
condition, grade
3-4�

Second malignancy 1.80 1.49 to 2.19 1.22 1.01 to 1.46 1.54 1.28 to 1.84 1.45 1.20 to 1.76 1.29 1.03 to 1.63 1.70 1.41 to 2.05 1.55 1.33 to 1.80
Vision/hearing/

speech 1.69 1.44 to 1.98 1.47 1.26 to 1.70 2.56 2.23 to 2.95 1.42 1.21 to 1.66 1.35 1.12 to 1.64 1.15 0.97 to 1.37 1.77 1.56 to 2.01
Endocrine 1.24 1.05 to 1.45 1.41 1.23 to 1.62 1.11 0.96 to 1.29 1.17 1.00 to 1.37 1.26 1.05 to 1.52 1.24 1.06 to 1.46 1.30 1.16 to 1.46
Respiratory 3.10 2.25 to 4.28 2.63 1.83 to 3.78 2.42 1.72 to 3.41 3.14 2.19 to 4.50 2.57 1.69 to 3.91 2.14 1.44 to 3.17 2.46 1.70 to 3.56
Cardiac 2.72 2.30 to 3.21 1.72 1.47 to 2.03 2.36 2.00 to 2.79 2.89 2.45 to 3.41 1.31 1.06 to 1.62 1.23 1.01 to 1.50 2.41 2.07 to 2.80
Gastrointestinal 1.44 1.13 to 1.84 1.29 1.04 to 1.61 1.29 1.03 to 1.61 1.41 1.10 to 1.81 1.30 0.98 to 1.71 1.48 1.17 to 1.87 1.34 1.13 to 1.60
Renal 1.78 1.16 to 2.74 1.55 1.02 to 2.35 1.94 1.21 to 3.11 1.77 1.11 to 2.83 1.09 0.61 to 1.94 0.98 0.55 to 1.75 1.77 1.15 to 2.74
Musculoskeletal 1.15 0.96 to 1.37 1.05 0.89 to 1.25 1.90 1.63 to 2.22 3.55 3.05 to 4.14 3.20 2.71 to 3.78 1.10 0.91 to 1.32 2.08 1.82 to 2.37
Neurologic 2.19 1.82 to 2.62 2.13 1.81 to 2.52 5.30 4.46 to 6.30 4.31 3.62 to 5.13 2.48 2.02 to 3.05 1.59 1.33 to 1.92 3.78 3.17 to 4.49
Other hematologic† 1.49 1.18 to 1.87 1.30 1.04 to 1.63 1.52 1.21 to 1.91 1.46 1.16 to 1.82 1.39 1.07 to 1.81 1.21 0.95 to 1.55 1.57 1.30 to 1.88

Abbreviation: PR, prevalence ratio.
�Chronic conditions according to the Common Terminology Criteria for Adverse Events, version 4.0.
†Includes blot clots and aplastic anemia; all generalized estimating equations adjusted for sex, race/ethnicity, age at questionnaire administration, age at diagnosis,

body mass index, smoking status, physical activity level, and within-person correlation.
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DISCUSSION

Results of this study indicate that childhood cancer survivors experi-
ence increasing prevalence of impairment with age in general health,
functional status, and activity limitations, in excess of that reported by
siblings. The presence of serious, disabling, and life-threatening
chronic health conditions increases the risk of impairment across all
health domains, with the greatest impact on functional impairment
and activity limitations. In contrast to general health, functional, and
activity domains, the prevalence of mental health impairment and
moderate-to-extreme cancer-related pain or anxiety did not increase
with age. This observation may be explained from our use of a distress
assessment based on symptoms over the past 7 days,18 reflecting acute
rather than chronic problems, or because mental health symptoms
can wax and wane over time.24 Even though the proportion of adult
survivors with mental health impairment seems consistent over time,
we have previously observed that there are subsets of survivors whose
mental health improves, while others develop new symptoms.25

Our results highlight disparities in health status outcomes related
to sex, race, and age. Female sex was independently associated with an
increased risk of impairment in all health status domains and a steeper
rate of increase in at least one adverse health status outcome when
compared with siblings. These findings may result from greater vul-
nerability to cancer treatment–related toxicities among women,26 or
may simply reflect similar trends in the general population.27 Racial-
minority participants were also more likely to have poor general health
and functional impairment than were white participants. As in the

general population, racial-minority childhood cancer survivors have so-
cioeconomic indicators linked to excess risk of comorbid health condi-
tions and reduced utilization of preventive health services, which may
explain these results.28,29 Previous cross-sectional analyses of special pop-
ulations in the CCSS have not disclosed elevated risk of adverse health
status or differences in health care utilization among survivors with racial
andethnicminoritystatusrelativetotheirwhitecounterparts.30However,
race/ethnicity and low socioeconomic status may confer unique vulnera-
bilities for adverse outcomes over time following childhood cancer. Fur-
ther study is required to elucidate the etiology of this disparity among
aging survivors and improve their access to services.

Not surprisingly, risk for poor general health, functional impair-
ment, and activity limitations accelerated with aging in association
with a higher prevalence of serious, disabling, and life-threatening
chronic health conditions. These conditions have been shown to result
in health-related unemployment and lost productivity among child-
hood cancer survivors that increase in prevalence with advancing age
and time from therapy.31,32 Paradoxically, insurance restrictions and
cost barriers associated with unemployment and underemployment
are associated with limitations in access to rehabilitative health ser-
vices.33,34 Education of survivors about new health care legislation that
can be leveraged to facilitate access to medical and rehabilitative ser-
vices may provide important resources to preserve health status.35

Numerous reports have documented risky health behaviors
among childhood cancer survivors.20,36-48 Tobacco use, poor dietary
habits, and physical inactivity may exacerbate cancer treatment–

Table 5. Sociodemographic, Cancer Therapy, and Health Behaviors Affecting Health Status Domains

Risk Factors by Health Status
Domains

Poor General
Health�

Adverse Mental
Health†

Functional
Impairment‡

Activity
Limitations§

Cancer-Related
Pain�

Cancer-Related
Anxiety¶

High (5-6 domains)
Female X X X X X X
Low education/income level X X X X X X
Alkylating agent X X X X X X
Smoker X X X X X
Low physical activity X X X X X
Obese X X X X X

Intermediate (3-4 domains)
Underweight X X X X
Anthracycline X X X X
Cystectomy X X X X
Age � 25 years X X X
Cranial radiation � 30 Gy X X X
Lower extremity amputation X X X
Craniotomy X X X

Low (1-2 domains)
Nonwhite race/ethnicity X X
Chest radiation X X
Upper extremity amputation X X
Abdominal radiation � 35 Gy X
Thoracotomy X

NOTE. Clinical factors independently associated with adverse health status by multivariable analysis. Suggested patient management is as follows:
�Periodic (at least annual) clinical evaluation with risk-based screenings per Children’s Oncology Group guidelines; management of comorbid health conditions;

counseling regarding modifying lifestyle factors.
†,¶Psychological assessment with attention to emotional health status. Referral to mental health services as indicated.
‡,§Clinical assessment of functional and activity limitations. Referral to rehabilitation services (physical and/or occupational therapy) as indicated.
�Clinical assessment of chronic symptoms. Referral to pain rehabilitation services as indicated.
�,¶Psychosocial assessment with attention to access to health care and resources and ability to manage practical concerns. Referral to social work services

as indicated.

Hudson et al

488 © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



related toxicity. Some childhood cancer survivors also have abnormal-
ities of body composition, including being overweight or obese, which
increases risk of cardiovascular disease, common adult-onset cancers,
and other chronic health problems.49-57 Our study quantifies the ad-
verse impact of these modifiable risk factors on health status. Survivors
who reported smoking, abnormalities of body mass index (under-
weight or overweight/obese), and suboptimal levels of physical activity
had increased risk for poor general health as well as impairment in
other health-status domains. Although smoking rates among child-
hood cancer survivors are generally lower than those found in non-
cancer populations,36,43,44 survivors seem to be less likely to quit
smoking.47,58 This is particularly concerning as some survivors have
greater vulnerability to tobacco-related health risks because of previ-
ous cancer treatment. Obesity, especially in combination with hyper-
tension, increases the risk for severe, life-threatening, and fatal cardiac
events in aging childhood cancer survivors.59 Moreover, the cardio-
vascular health risk conferred by these modifiable factors is in excess of
that expected following treatment with chest radiation.59 A significant
proportion of childhood cancer survivors are also underweight54 or
have reduced lean muscle mass.14 These conditions are associated with
increased risk of chronic health conditions and premature mortal-
ity.14,54 Unfortunately, less than one third of the survivors in the CCSS
cohort follow the Centers for Disease Control and Prevention guide-
lines for physical activity, which could help remediate detrimental
body composition alterations.

The results of our study should be considered within the context
of several methodologic limitations. As in our original study, health
status was based on a composite assessment of survivor responses to
validated instruments used in healthy populations and self-reported
medical conditions. Although this approach enhanced the feasibility
of collection of health outcomes data among a large, clinically hetero-
geneous pediatric cancer population, the extent of morbidity related
to cancer treatment is likely underestimated owing to the high preva-
lence of undiagnosed disease and inconsistent surveillance in commu-
nity settings.15 Survivor-specific changes in health status over the three
time periods were also not assessed. Unequal participation by either
more impaired or healthier survivors eligible for CCSS may result in
over- or underestimation of health outcomes, although adjustment
for differences known at baseline do not indicate bias. In addition, the
relatively low proportion of racial and ethnic minority participants in
CCSS may limit generalizability of these results to those populations.
The use of a sibling control group may influence results based on
sibling participation in the family cancer experience. Existing litera-
ture demonstrates that siblings report fewer mental health symptoms
than the general population,60 suggesting mental health status out-
comes among survivors may be underestimated when compared with
population norms. Finally, health outcomes experienced by CCSS
participants may not reflect those of recently treated survivors. How-
ever, an assessment of the evolution of childhood cancer therapy
emphasizes that, though changes have occurred in cancer-specific
treatment approaches, including surgical techniques, radiation deliv-
ery, and supportive care, there are many treatment exposures being

applied to currently diagnosed patients that have been in use for more
than four decades.61,62

In summary, longitudinal evaluation of adult survivors par-
ticipating in the CCSS demonstrates decline in self-perceived gen-
eral health in association with reduced functional status and
increased activity limitations related to an increasing burden of
chronic health conditions. Specific sociodemographic characteris-
tics, cancer therapies, and health behaviors influence the magni-
tude of risk and help define risk profiles that can be used in
counseling and clinical care of survivors (Table 5). Collectively, our
findings underscore the need for systematic and ongoing assess-
ment of health status throughout the life span of individuals
treated for childhood cancer that addresses cancer-related health
risks, management of chronic disease, and lifestyle factors. The
complexity of health concerns among aging survivors treated with
intensive multimodality therapy deserves particular attention by
providers to assure optimal care coordination and maintenance of
functional status. In our cohort, nearly one third of the survivors of
CNS malignancy across all age groups noted functional impair-
ment that undoubtedly contribute to the increasing prevalence of
activity limitations with advancing age. Similarly, HL survivors
experienced the greatest age-dependent increases in functional
impairment and activity limitations. Beyond cancer diagnosis and
treatment, vulnerabilities related to health disparities should be
considered to facilitate survivor access to medical and rehabilita-
tion services that restore or ameliorate early functional loss or
that protect against or minimize the impact of later-onset organ-
system dysfunction.63
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