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3. Background and rationale:
In the U.S. population, a certain proportion of chronic diseases, including some cancers, heart
disease, obesity, metabolic syndrome, and type II diabetes can be attributed to or influenced by
poor lifestyle choices. Others, like osteoporosis, depression and anxiety are associated with
aging, genetics, or environmental influences. Chronic health problems are a public health
challenge in the U.S., fueled by ready access to an abundant food supply and an environment
that offers few opportunities for daily physical activity. Chronic health problems are an even
bigger challenge for childhood cancer survivors, whose medical and psychosocial late effects
not only contribute to disease, but also prevent them from participation in life activities that may
modify their risk for future disease.
As the prevalence of childhood cancer survivors continues to increase, the need for long term
medical follow-up and interventions to address or prevent late effects and to remediate activity
limitations becomes more important. Individualized medical follow-up for long-term survivors of
childhood cancer is encouraged by at least three pediatric professional medical organizations:
the American Society of Pediatric Hematology and Oncology, the International Society of
Pediatric Oncology, and the American Academy of Pediatrics.1 Risk-based, treatment-specific
screening guidelines have been established by the Children’s Oncology Group (COG), and are
intended for asymptomatic survivors of childhood, adolescent, or young adult cancer presenting
for routine medical follow-up. The COG Long Term Follow-Up Guidelines are connected to
“Health Links” that provide information and encourage survivors to take action for health..2
Healthy behaviors, such as physical activity,3 are supported by evidence for the rest of the
population, including persons with chronic disease,3-12 and may have the potential to ameliorate
some of the long-term problems experienced by childhood cancer survivors, including functional
loss.13-18 The COG guidelines include a general physical activity health link; however, it is not
yet directed to diagnosis, treatment-related risk factors, or late effects that specifically interfere
with the ability of the cancer survivor to participate in physical activity necessary for long-term
health. Because of the heterogeneous nature of histologies and treatments experienced by
childhood cancer survivors, and because of the well documented, treatment-related medical late
effects, there is a need for specific, risk-based guidelines that address health behaviors,
including physical activity. There is a need to provide a comprehensive documentation of
physical activity patterns in the entire CCSS cohort. In addition, we may identify risk factors
helped by interventions that modify lifestyle choices or that are amenable to existing programs
designed to improve physical health, like those that target persons with obesity,19, diabetes, 20, 21
or cardiovascular disease 22. Finally, this analysis will provide a foundation for the eventual

development of evidence-based, risk-based guidelines and interventions for physical activity
promotion among long-term childhood cancer survivors.
4. Purpose/aims:
The purpose of this manuscript is to document physical activity patterns in the CCSS cohort, to
compare physical activity patterns between survivors and siblings, and to evaluate the
association between diagnosis, treatment, demographic/personal and chronic disease
outcomes and risk for sedentary lifestyle. We acknowledge that an analysis similar to this has
been done for the ALL survivors in this cohort. We propose to conduct overall analyses of these
outcomes in the cohort, limiting our examination of treatment to broad categories of surgery,
chemotherapy and radiation. Future analyses of these outcomes could focus on disease
specific populations where the treatment effects could be examined in more detail.
Hypothesis #1: Adult survivors of childhood cancer will report less than the nationally
recommended guidelines for physical activity (30 minutes of moderate intensity physical activity
on 5 or more days of the week or 30 minutes of vigorous physical activity on 3 or more days of
the week) and will report lower levels of any, moderate or vigorous physical activity when
compared to siblings or to a nationally representative group of individuals from the behavioral
risk factor surveillance survey (BRFSS).
Hypothesis #2: Survivors diagnosed with CNS malignancies, bone tumors and Hodgkin’s
Lymphoma will report the lowest levels of physical activity.
Hypothesis #3: Treatment modalities associated with the lowest levels of physical activity will
include younger age at diagnosis, lower extremity amputation, chest radiation, and
anthracycline based chemotherapy.
Hypothesis #4: Demographic and personal factors associated with the lowest levels of
physical activity will include female gender, baseline obesity (defined as body mass index
greater than or equal to 30 at baseline (or 95th percentile for age and gender if younger than 18
at baseline)), baseline depression (defined as depression index on the baseline Brief Symptom
Inventory of 63 or greater/Behavior problem index depression scale in lowest 10th percentile for
those under 18 at baseline), current cancer related pain, current cancer related anxiety, less
than High School Education and annual household income less than $20,000 per year.
Hypothesis #5: Participants who report grade 3 –severe or grade 4 – disabling or life
threatening, or who report the presence of 2 or more chronic conditions will report the lowest
levels of physical activity
5. Analysis framework:
Sample
Survivor and sibling participants who completed the baseline and the second follow-up
questionnaire are eligible for these analyses. For the analyses of treatment effects, those who
consented to and had a medical record abstraction will be included.
Outcomes of interest
Physical activity levels: Questions D1 – D7 from the second follow-up questionnaire:
• The average number of minutes per day (or week) of moderate physical activity
• The average number of minutes per day (or week) of vigorous physical activity
• A binary variable for whether subjects meet the nationally recommended guidelines for
physical activity (30 minutes of moderate intensity physical activity on 5 or more days of the
week or 30 minutes of vigorous physical activity on 3 or more days of the week).
• A binary variable indicating if subjects reported no physical activity over the past month

Independent (exploratory) variables
A. Diagnosis and treatment variables
• Cancer diagnosis and diagnosis group
• Age at diagnosis (Date of diagnosis and date of birth), explored as:
o specific categories
 0-4 years
 5-9 years
 10-14 years
 15-20 years
o continuous
• Treatment
o Surgery not amputation (reference)
o Surgery including amputation
o Cranial radiation
o Chest radiation
o Anthracyclines (explored as yes/no or cumulative dose)
B. Demographic and personal factors
• BMI at baseline and the second follow-up (weight in kilograms/height in meters squared)
(A10-A11)
• Age at second follow-up (Completion date second follow-up and date of birth)
o specific categories
o continuous
• Gender (A.2 – baseline)
• Race/ethnicity (A4 and A4a baseline)
o White not Hispanic (reference)
o Black
o Hispanic
o Other
• Household income at second follow-up (S1)
o <$40,000/year
o $40-59,999/year
o 60+/year
o Not indicated
• Education at second follow-up (1)
o < high school
o High school graduate
o College graduate
• Marital status at second follow-up (2)
o Single
o Widowed
o Divorced/separated
o Married/living as married
• Employment status at second follow-up (4-6)
o Unemployed
o Student
o Employed or caring for home/family
• BSI questions/BPI from baseline (J16-J36 adult/J16-J21 under 18)
o Depression T-score from BSI
o Depression scale score from behavioral problem index
• Pain and anxiety question from second follow-up (G19-G20)
o None or mild vs. moderate or greater for both variables
• Smoking/tobacco (L1-6 second follow-up)
o Never user, current user, former user
• Participation in physical activity at baseline (N 15)
o Yes/no

C. Chronic disease variables using the scoring rubric used by Oeffinger et al., 23 based on the
Common Terminology Criteria for Adverse Events (CTCAE) version 3 and the scoring system
developed through the National Cancer Institute.24 We will use four grades: grade 1 - mild;
grade 2 - moderate; grade 3 - severe; grade 4 - life-threatening or disabling; omitting grade 5 –
death, as participants no longer alive are not eligible for these analyses. As in the study by
Oeffinger et al,, 23 a total of 137 health conditions will be scored.
explored as:
• Any condition in grades 0- 4
• Number of conditions
• Grades 0,1,2 vs. grade 3or 4

Statistics
The primary outcome is the difference in physical activity levels between survivors, siblings and
a nationally representative sample of individuals from the BRFSS. Four specific physical activity
outcomes will be used; 1) the average number of minutes per day (or week) of moderate or 2)
vigorous physical activity and 3) a binary variable for whether subjects meet the nationally
recommended guidelines for physical activity (30 minutes of moderate intensity physical activity
on 5 or more days of the week or 30 minutes of vigorous physical activity on 3 or more days of
the week) 4) a binary variable for whether subjects report no physical activity over the past
month. The average number of minutes per day (or week) of moderate and vigorous physical
activity will be compared between survivors (overall and by diagnosis) and siblings in age and
gender adjusted generalized linear mixed models to allow for correlation between survivors and
siblings from the same family. The proportion of survivors (overall and by diagnosis) and
siblings meeting the nationally recommended guidelines for physical activity will be calculated
and compared with age and gender adjusted generalized estimating equations. The proportion
of survivors (overall and by diagnosis) and siblings who report no physical activity over the past
month will be calculated and compared with age and gender adjusted generalized estimating
equations. Siblings and survivors will be compared to a nationally representative sample of
individuals from the BRFSS on each physical activity outcome in similar models. Univariate
analyses will be performed to assess the association between each treatment,
demographic/personal, and chronic disease variable and each physical activity level outcome.
As part of the analyses, physical activity will be expressed as a continuous variable (minutes per
day or week) and as a binary variable (meets or does not meet recommended physical activity
guidelines). Separate multivariable models will be constructed using linear and logistic
regression to estimate the relative risk for a sedentary lifestyle by treatment,
personal/demographic, and chronic disease variables. Specific personal/demographic variables
will be included in treatment and chronic disease models (e.g. age, gender, etc.) as appropriate.
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Examples of proposed tables
Table 1. Characteristics of the study population
Survivors
(N=)
N
%
Gender
Male
Female
Race/ethnicity
Asian/pacific islander
Black – non Hispanic
Hispanic
White – non Hispanic
Other
Age group at second follow-up
18-29 years
30-39 years
40-49 years
50+ years
Marital status
Married/living as married
Single
Widowed
Divorced/separated
Educational attainment
< High school
High School graduate
College graduate
Employment
Working/caring for home or family
Student
Unemployed/looking for work
Unable to work
Annual household income
< $20.000
$20-39,000
$40-59,000
$60-79,000
$80-99,000
$100,000+
Current BMI
Underweight
Normal weight
Over weight
Obese
Baseline BMI
Underweight
Normal weight
Over weight
Obese
Baseline Depression
Yes
No
Baseline exercise/sports (20

Siblings
(N=)
N

%

p-value*

minutes)
0-2 days/week
3+ days per week
Current smoking status
Never smoker
Ever smoker
Current smoker
Diagnosis
Acute lymphoblastic leukemia
Acute myeloid leukemia
Other or unspecified leukemia
Astrocytomas
Medulloblastoma, PNET
Other CNS tumors
Hodgkin's Disease
Non-Hodgkin's Lymphoma
Wilm's Tumor
Neuroblastoma
Soft tissue sarcoma
Ewings sarcoma
Osteosarcoma
Other bone
Age at diagnosis
0-3 years
4-9 years
10-14 years
15-20 years
Survival time
<20 years
20-24 years
25-29 years
30+ years
Surgery
Amputation of lower limb
Other surgery
No surgery
Chemotherapy
Anthracyclines
Other chemotherapy
No chemotherapy
Radiation
Cranial radiation
Chest radiation
Other radiation
No radiation

*From generalized estimating equations with a binomial distribution and a logit link to allow for
intra-family correlation

Table 2.
Moderate physical
activity
Mean
(SD)

p-valueŧ

Vigorous physical
activity
Mean (SD)
Mean
N
(SD)
(%)

Nationally representative
group from BRFSS*
Siblings
Survivors (overall)
Leukemia
Acute lymphoblastic leukemia
Acute myeloid leukemia
Other or unspecified leukemia
CNS Malignancies
Astrocytomas
Medulloblastoma, PNET
Other CNS tumors
Hodgkin's Disease
Non-Hodgkin's Lymphoma
Wilm's Tumor
Neuroblastoma
Soft tissue sarcoma
Bone tumors
Ewings sarcoma
Osteosarcoma
Other bone

*Reference group
ŧ
From age and gender adjusted generalized linear mixed models
#
From age and gender adjusted generalized estimating equations

Meets national
guidelines for
physical activity
p-value# p-valueŧ

Sedentary for the
past month
N
(%)

p-value#

