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Abstract

Objective—With the growing number of childhood cancer survivors in the United States, it is
important to assess the well-being of these individuals, particularly during the transitional phase of
adolescence. Data about adolescent survivors’ overall health and quality of life will help identify
survivor subgroups most in need of targeted attention to successfully transition to adulthood.

Participants and Methods—This ancillary study to the Childhood Cancer Survivor Study
(CCSS) focused on children 15-19 years of age who had been diagnosed with cancer before the
age of 4 years. A cohort of siblings of pediatric cancer survivors of the same ages served as a
comparison sample. Adolescent health was assessed using the Child Health and IlIness Profile-
Adolescent Edition (CHIP-AE) survey.

Results—The teen survey was sent to 444 survivor teens and 189 siblings. Of these 307(69%)
survivors and 97 (51%) siblings completed and returned the survey. Overall health profiles of
siblings and survivors were similar. Among survivors, females scored significantly below males
on Satisfaction, Discomfort, and Disorders domains. Survivors diagnosed with CNS tumors scored
less favorably than leukemia survivors in the global domains of Satisfaction and Disorders.

Conclusion—In general, adolescent survivors fare favorably compared to healthy siblings.
However, identification of the subset of pediatric cancer survivors who are more vulnerable to
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medical and psychosocial disorders in adolescence provides the opportunity for design and
implementation of intervention strategies that may improve quality of life.

Introduction

Over the past three decades, improvements in the treatment of children with cancer have led
to a substantial increase in the number of children surviving into adulthood [1]. It is
estimated that there are over 328,000 persons in the U.S. who have survived cancer
diagnosed before the age of 20 years, and that one in every 640 young adults is now a
survivor of childhood cancer [2]. Because of this expected longevity, maximizing quality of
life and minimizing negative late effects are central concerns in the long term care of these
patients. Assessment of the well being of adolescents prior to their transition to young
adulthood is critical for early identification of the vulnerable subgroup in need of
intervention [3, 4].

A major determinant of the quality of life of pediatric cancer survivors is whether or not
they have late effects secondary to their cancer treatment. Sixty five to seventy five percent
of childhood cancer survivors experience at least one significant late effect; these effects
may include neurocognitive impairment, organ system dysfunction, and/or psychological
distress [3, 5]. CNS radiation, some neurosurgical complications, and certain chemotherapy
regimens are associated with later cognitive deficits in survivors, and with persistent
psychological distress [6—10]. Female gender and early age at diagnosis are particular
vulnerability factors with more serious deficits [11-13]. While brain development continues
throughout childhood and adolescence, brain size increases almost three-fold between birth
and two years [14-16]. During these early years of rapid growth, significant sensory, motor,
cognitive and emotional development occurs.

Understanding the trajectory of quality of life in adolescent pediatric cancer survivors
treated at a young age requires developmentally appropriate assessment of cognitive, motor
and emotional maturation within this age cohort. Adolescence involves significant biological
(e.g., pubertal), psychological, and contextual changes [17, 18]. Educational expectations
increase dramatically as adolescents move from middle to high school when neurocognitive
problems can make meeting academic milestones difficult. Visible abnormalities (e.g.
visible scars, short stature) can impact self-esteem and psychosocial functioning.

Our study is an ancillary study of the Childhood Cancer Survivor Study (CCSS) [19] and
has provided a unique opportunity to study adolescent survivors of childhood cancer with
well-characterized cancer diagnoses and treatments. To assess overall health and well-being
among adolescents who were treated for cancer at a very young age, their health profiles
were compared to health profiles in a cohort of adolescent siblings whose brother/sister had
cancer. Not only were survivor/sibling comparisons made, but at-risk survivor subgroups
were also identified.
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Participants and Methods

Subject Selection and Participation

The parent study (CCSS) is a multi-institutional, longitudinal study of individuals with a
diagnosis of leukemia, CNS tumors (all histologies), Hodgkin's disease, non-Hodgkin's
lymphoma, kidney tumor, neuroblastoma, soft tissue sarcoma, or bone tumor; diagnosis and
initial treatment at one of 26 collaborating institutions; diagnosis date between January 1,
1970 and December 31, 1986; age less than 21 years at diagnosis; and survival five or more
years from diagnosis. Details of the study design and descriptions of the cohort have been
published previously [19]. The CCSS protocol and contact documents were reviewed and
approved by the Human Subjects Committee at each participating institution.

Recruitment for this ancillary study began in 2001. For this study we included childhood
cancer survivors who were 15-19 years of age at ancillary study recruitment, had been
diagnosed before the age of 4 years, and deemed by their parent as cognitively competent to
complete the teen survey independently. Letters were sent to 353 parents of survivors who
were younger than 18 years of age, requesting permission to contact their teen; 217 parents
gave permission (58%). Demographic and treatment characteristics between teens with and
without parental consent differed only by sex, with females comprising 56% of survivor
participants. Parents of 208 siblings, ages 15-17 years, were mailed study consents and 120
(57%) gave written consent for their teen to participate. No demographic differences were
found between siblings with and without parental permission. Letters and consents were sent
directly to 18 and 19 year olds to request permission; 227 (73%) of survivors and 69 (73%)
of siblings agreed to receive a survey in the mail.

The Teen Health Survey was subsequently sent to 444 adolescent survivors, and 307 (69%)
were completed and returned. The Teen Health Survey was also distributed to 189 siblings,
and 97 (51%) of surveys were completed and returned. No differences were found between
participant and non-participant groups by age at contact, age at diagnosis, diagnosis, or
treatment. However, females were more likely to participate (60% vs. 40% of males).

Outcome Measures

The Child Health and IlIness Profile-Adolescent Edition (CHIP-AE) is a survey instrument
designed to assess adolescent health-related quality of life, including physical, mental and
social experiences [20]. The CHIP-AE describes six health domains from the perspective of
the adolescent: 1) Satisfaction with Health - personal perception of overall health and self-
esteem; 2) Resilience — activities likely to be protective of future health (such as family
involvement, types of food consumed, and physical activity); 3) Discomfort - physical and
emotional symptoms, and activity limitations; 4) Risk — risk-taking and disruptive behaviors
associated with increased likelihood of poor future health; 5) Disorder - history of and
current problems with specific diagnostic conditions; 6) Achievement - social roles
appropriate for age (school and work performance). Within these domains, 20 sub-domains
can be scored.

The CHIP-AE was selected for this study because it provides the ability to examine the
inter-relationship between health profiles including physical and emotional symptoms,
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limitations of activity, health risk and protective behaviors, and perceptions of health and
social role functioning [21-23]. The domains of the CHIP-AE have demonstrated robust
reliability with internal consistency correlations above 0.8 on all domains. Validation studies
of the CHIP-AE have likewise demonstrated predicted and meaningful differences in health
[20-22, 24, 25].

Each domain and subdomain is scored so that a higher score indicates better health. To
define outcomes in terms of poor, average and excellent, cut-points for both survivors and
siblings were based on the mean score of siblings within each domain, with sibling scores in
the lowest 10% coded as poor health, while those in the highest 10% coded as excellent
health.

Combinations of poor, average and excellent categories were used to group siblings and
survivors into a taxonomy of global health consistent with the work of the CHIP developers
[20-23]. Five distinct categories of health, or profile-types, with each profile-type mutually
exclusive, were used to assess global health strengths and weaknesses through underlying
patterns of physical, mental, and social well-being [21]. These profiles included: 1)
Excellent health on three or more of the six domains, no domains of poor health; 2) At least
average health on all domains (not to exceed excellent health on more than two domains); 3)
Poor health in one domain; 4) Poor health in two domains; 5) Poor health in three or more
domains.

Independent variables

Demographics and original cancer diagnosis information was obtained from the treating
institution. Cancer treatment information, obtained from medical records, was categorized as
chemotherapy (yes/no), radiation therapy (yes/no), and surgery (yes/no).

Data Analysis

Descriptive statistics were used to describe and compare characteristics of the survivors and
siblings. Fisher exact tests were used to compare survivors and siblings by sex, race and
current age group. Means and standard deviations were calculated for the six domains and
20 subdomains from the CHIP-AE for both adolescent survivors and siblings, and compared
by gender within each group using linear models controlling for intra-family correlation
[26]. Cohen's d effect sizes were calculated based on the adjusted means and standard
deviations (SD). The interaction between diagnosis and sex was evaluated, but not included
in final models because it was not significant.

The frequencies and percentages of survivors who scored in the poor category in each of the
six domains were calculated and are reported by sex, current age group, age at diagnosis,
race/ethnicity, household income, and cancer diagnosis. Predictors of poor outcomes in each
domain were evaluated in multivariable logistic regression models and are reported as odds
ratios with 95% confidence intervals. The proportions of survivors and siblings in each
category of global health were also calculated and were compared both overall and by
cancer diagnosis using Fisher’s exact tests.
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P-values for this study were set at 0.05. Due to the small sample size (123 male and 184
female survivors), a Bonferroni correction was not applied in order to avoid increasing Type
Il error (false negatives) which allows us to maximize the statistical power to detect the true
difference between male and female survivors in each domain. However, this has the
potential to increase our Type | error (false positives) and is therefore a limitation in our
analyses [27]. P-values reported should be interpreted in the context of the number of tests
that were carried out. All analyses were completed using SAS version 9.2 (Cary, N.C.)

The characteristics of the survivors and siblings who agreed to participate are shown in
Table 1. Survivors and siblings differed only by age at study recruitment. When compared to
survivors, siblings were more likely to be younger than 18 years of age at the time of the
study (60% vs. 42%).

Table 2 shows mean scores on the CHIP-AE among siblings and survivors by cancer
diagnosis. Overall, compared to siblings, survivors reported more problems with physical
activity and disorders, particularly recurrent (e.g. urinary tract infections, asthma), long-term
medical (e.g. diabetes) and surgical (e.g. scoliosis) disorders. On the other hand, survivors
scored higher (better) than siblings on social problem solving and reported fewer disruptive
behaviors, a positive predictor of achievement. In addition, Wilm's tumor survivors reported
better functioning in the Emotional Discomfort and Threats to Achievement domains than
did siblings. CNS tumor survivors were found to have lower scores than siblings in the
global domains of Satisfaction and Disorders, particularly in overall satisfaction with health,
self-esteem, physical activity, and long term surgical and psychosocial disorders. Despite
these findings, CNS tumor survivors scored higher than siblings in the Risk domain,
indicating less involvement in risk taking, fewer threats to achievement, and less association
with peers who engaged in negative health behaviors. Additionally, leukemia survivors and
those with diagnoses in the “other cancer” category reported more long-term medical
disorders than did siblings; both leukemia and neuroblastoma survivors reported more
psychosocial disorders than siblings. Neuroblastoma survivors also reported more long-term
surgical disorders than did siblings.

The mean scores for each domain and subdomain of the CHIP-AE, by gender within
survivors, are shown in Table 3. Among survivors, males scored better than females in
Satisfaction, Discomfort, and Disorders domains; females reported less overall satisfaction
with health, less physical activity, more physical and emotional discomfort, and a greater
number of acute minor and recurrent disorders. However, female survivors scored higher
than males in the subdomains of problem solving and academic achievement. These sex
differences were not seen in the sibling group as shown in the supplemental table: females
vs males for Satisfaction (19.98 vs. 20.60, p 0.43), Discomfort (19.50 vs. 20.06, p 0.57), and
Disorders (19.00 vs. 18.66, p 0.56).

In a multivariable model to evaluate correlates of poor health (mean score < 10% on a given
domain) among survivors, several patterns emerged (Table 4). Females were more likely
than males to report problems in the Satisfaction, Resilience, and Discomfort domains.

Psychooncology. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mertens et al.

Page 6

Survivors diagnosed between the ages of 2—4 years vs those diagnosed prior to age 2 and
teens with lower household income were more likely to report problems with resilience. In
addition, non-whites were more likely to report Disorders than were whites. Lastly, when
compared with leukemia survivors, CNS survivors were more likely to report problems in
Satisfaction and Disorders domains.

To ascertain a broad view of health in teen survivors, the distribution of overall health was
similar among survivors and siblings. However, survivors were more likely to report poor
health on three or more domains than were siblings (11% vs. 3%); specifically CNS tumor
survivors and those with several other diagnoses, including soft tissue sarcoma, (n=19), bone
tumor (n=1) and non-Hodgkin lymphoma (n=1), fared the worst, with 60% reporting poor
health in one or more domains compared to 41% in siblings. Wilms’ tumor survivors
appeared to do the best, with 13% reporting excellent health.

Discussion

The goal of cancer treatment in children is to cure disease, while using the least toxic
strategies to optimize future growth, development, and quality of life. Previous research has
indicated that treatment for childhood cancer damages vital organs and increases lifetime
risk of chronic disease and less-than-optimal quality of life [28, 29]. Because of the young
age and potential longevity among the survivors examined in these analyses, the delayed
consequences of therapy may have a significant impact on their abilities to assume life roles
as these survivors move from adolescence into adulthood. Therefore, research assessing the
overall health of childhood cancer survivors is critical to target interventions to reduce
distress in survivors.

Studies from the CCSS document psychosocial and health related problems in adult
survivors of childhood cancer [5, 13], and robust and psychologically healthy siblings with
only a small subset at risk for developing psychological distress [30]. The good news is that
our current analysis indicates that the distribution of health problems of adolescent survivors
and siblings is not vastly different. On the other hand, we found that adolescents with
significant problems were able to self-report them, similar to other studies which show that
many of these problems appear during adolescence [9, 29].

Many studies examining outcomes among childhood cancer survivors have identified young
age at diagnosis as a substantial risk factor for poor overall health, in physical, emotional,
and social domains [9, 31-35]. Our study further characterizes the period of highest
vulnerability to show that survivors diagnosed from ages 2 to 4 years actually had more
problems in adolescence than did survivors diagnosed before age 2. This finding deserves
further exploration to determine if the differences reflect diagnostic distinctions or potential
differences in the ability to conceptualize and remember the illness experience in those
above and below age 2. In addition, previous studies have suggested increased vulnerability
in female survivors [11-13, 33]. Our study shows similar results, particularly in decreased
overall satisfaction, physical activity, and physical and emotional disorders. Despite these
self-reported problems, female survivors and siblings demonstrated higher scores in problem
solving and academic performance compared to male survivors and siblings.
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Adolescents previously treated for CNS tumors also emerged as a high-risk group, as they
had the poorest health satisfaction, the greatest number of health problems related to their
diagnosis and treatment, lower self-esteem, lower levels of physical activities, and increased
levels of psychosocial disorders. Deficits in social skills have been noted in brain tumor
survivors and are associated with lower self-confidence and increased levels of depression
[36, 37]. In contrast, those with CNS tumors in this study reported better functioning with
respect to social problem solving and lower levels of risky behaviors, suggesting support
from their outside environment (i.e. family, school). Perhaps also they remain in a more
parental protective and monitored environment, which may inhibit progression to
independence as they transition to adulthood to the extent that their cognitive abilities allow.
When compared to siblings, these CNS survivors were also more likely to report poor health
outcomes on three or more domains, findings that suggest that this is a high risk diagnostic
group in which early intervention and preventive measures may be most valuable.

A higher risk for poorer self-reported psychological outcomes in the teen survivors in this
study compared to siblings is consistent with previous studies of functioning in adult
survivors of childhood cancer, particularly within certain diagnostic groups, such as
leukemia, CNS tumors, and neuroblastoma [31, 38]. Survivors diagnosed with leukemia and
neuroblastoma also included a significant number who indicated poor health across three or
more domains (25% and 22% respectively). Adult survivors with CNS tumors also
demonstrated higher rates of impaired physical health [39]. In a parental assessment of
young adolescents within the CCSS, survivors between 12-17 years of age were more likely
than siblings to have symptoms of anxiety/depression and antisocial behaviors, particularly
leukemia and CNS tumor survivors [28]. Results from the MOS SF-36 questionnaire also
demonstrated that those diagnosed in the younger age group (characterized as 0-3 years of
age) had the poorest outcomes for physical function, physical role, bodily pain, and general
health [29].

Data from this study suggest directions for future intervention. Peer support and social
acceptance play a formative role in normal adolescent development [40] and the
development of peer-based therapeutic programs, social skills training programs and support
groups can provide adolescent cancer survivors an opportunity to connect with like-minded
peers, decreasing social isolation and fostering a sense of normalcy [41]. Becoming involved
in a peer group may help promote a sense of group identity, an important developmental
task of adolescence [42]. Also, there is ongoing research to better categorize social
functioning deficits in brain tumor patients that will lead to development of interventions
aimed at improving peer relationships in CNS survivors [43]. The strength of socio-
economic factors influencing health outcomes for children with CNS malignancies has been
previously noted [44]; interventions targeting support of low-SES families affected by
cancer, with special attention to those who are the parents of very young patients, will be
valued additions for pediatric psycho-oncologists.

Certain limitations to this analysis should be considered when interpreting these results.
First, there were some parents who would not give permission for their adolescent to receive
this survey. However, a comparison of respondents and non-respondents showed no cancer
and demographic differences, except for females being more likely than males to participate.
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Secondly, the CCSS has a relatively small percentage of non-white participants, limiting the
generalizability of the results. Lastly, these data were collected on a sample of young
children diagnosed in 1970-1986, when both treatments and supportive care were different
than they are currently, a time factor limiting the generalizability of these findings.

Conclusion

Results from this study show that despite the known long-term effects of cancer treatments
in early life, many adolescent survivors in this large and diverse sample have average to
good health related quality of life in many domains. Subgroups of pediatric cancer survivors
are more vulnerable to medical and psychosocial disorders in adolescence. Early
identification and intervention to counter potential health risks and support beneficial
behaviors in adolescents who have had cancer when very young are critical to reduce
morbidity and enhance the likelihood that these survivors will enjoy a productive, satisfying
adult life. Further research is needed to identify the mechanisms that mediate between
physical effects, psychosocial well-being and functioning, allowing us to develop
interventions that take into account many of the components conducive to successful
transition from adolescence into young adulthood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Characteristics of the survivors and siblings
Survivors (%) | Sibling (%) | P-value
Samplesize 307 97
Sex
Female 184 (60) 54 (56) 0.48
Male 123 (40) 43 (44)
Race
White 272 (89) 85 (88) 0.83
Black 16 (5) 4.(4)
Hispanic 4(1) 2(2)
Other race 15 (5) 6 (6)
Current age
<18 129 (42) 58 (60) 0.002
18-20 178 (58) 39 (40)
Diagnosis
Leukemia 95 (31) - -
CNS tumor 40 (13) - -
Hodgkins disease 0(0) - -
NHL 4(1) - -
Wilms tumor 56 (18) - -
Neuroblastoma 90 (29) - -
Soft tissue sarcoma 19 (6) - -
Bone tumor 3(1) - -
Ageat diagnosis
0-1 198 (65) - -
2-3 109 (35) - -
Treatment
Chemotherapy 144 (49) - -
Any Radiation 11 (4) - -
Chemo + Any Rad 99 (33) - -
Surgery only 41 (14) - -

Note: Fisher’s Exact tests were used evaluate p-values for the comparison between cases and siblings
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Mean (Standard Deviation (SD)) Scores of CHIP-AE domain and subdomains by gender among survivors

DOMAIN SURVIVORS
Females Males P-value | Effect
(N=184) (N=123) Size
Satisfaction 18.71(4.91) | 20.26(4.75) | <0.01 | 0.32
Overall satisfaction 18.48(4.81) 20.79(4.59) <0.001 0.49
Self-esteem 19.22(5.11) 19.67(4.87) 0.44 0.09
Resilience 22.26(4.78) | 22.85(4.23) 0.26 0.13
Family involvement 20.65(4.10) 21.18(3.40) 0.22 0.14
Home safety 24.84(4.47) | 24.70(3.76) 0.76 -0.03
Problem solving 23.12(3.22) 21.71(3.50) <0.001 -0.43
Physical activity 18.61(5.94) | 20.44(6.12) 0.01 0.31
Discomfort 18.46(5.85) | 21.46(4.61) | <0.001 | 056
Physical discomfort 16.58(6.58) 20.28(5.24) <0.001 0.61
Emotional discomfort 16.91(6.29) 20.20(4.94) <0.001 0.57
Limitation of activity 21.45(3.97) 22.35(3.21) 0.03 0.24
Risks 20.52(5.28) | 20.71(5.89) 0.76 0.04
Individual risk-taking 22.28(6.17) 22.71(6.49) 0.55 0.07
Threats to achievement 21.90(3.59) 21.13(4.37) 0.10 -0.20
Peer influence 16.63(6.20) 17.90(6.22) 0.08 0.21
Disorders 17.32(3.86) 17.97(4.52) 0.17 0.16
Acute minor disorders 17.76(5.26) 19.13(5.02) 0.02 0.27
Acute major disorders 20.00(4.78) 20.13(4.80) 0.81 0.03
Recurrent disorders 18.45(4.81) 20.01(4.91) <0.01 0.32
Long-term medical 18.56(6.61) 18.38(8.30) 0.84 -0.02
Long-term surgical 12.38(11.47) | 13.27(11.31) 0.50 0.08
Psychosocial disorder 16.96(7.99) 16.72(8.16) 0.80 -0.03
Achievement 20.22(5.24) | 19.51(4.92) 0.24 -0.14
Academic performance | 23.06(5.21) 21.67(5.26) 0.03 -0.27
Work performance 19.29(4.74) 19.74 4.49) 0.48 0.10

Note: CHIP-AE = Child Health and Iliness Profile-Adolescent Edition
Higher score indicates better health

T test was used to compare males and females and calculate the p-values

Cohen's d effect size was calculated comparing males with females
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