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Les Robison   les.robison@stjude.org 
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Kiri Ness  kiri.ness@stjude.org  

Todd Gibson  todd.gibson@stjude.org 

Rebecca Howell  rhowell@mdanderson.org 

 

 

II. Background and Rationale: 

 

Cancer occurs in 17 out of every 100,000 individuals in the United States under the age of 20 [1]. With 

advances in the treatment of pediatric cancers, survival rates have improved to approximately 80%, 

leading to a growing population of adult survivors of childhood cancer [1]. Notably, the majority of these 

cases require invasive treatments such as chemotherapy or irradiation, which put survivors at risk for late 

effects, such as second cancers, endocrinopathies, and cognitive deficits [2].  

Cognitive dysfunction affects one third or more of childhood cancer survivors, and may continue to 

progress for years after the termination of treatment [3-7]. Although the severity of impairment has been 

strongly associated with exposure to specific chemotherapy agents and cranial irradiation, evidence also 

exists for direct effects of both CNS and non-CNS cancers on cognitive function in adults [8-12]. 

Moreover, cognitive difficulties may be exacerbated by comorbid chronic health conditions [13-14]. 

Dysfunction in childhood cancer survivors has been characterized by a decline in full scale intelligence 

quotient (FSIQ), and/or impairment in core functional domains, such as attention, working memory, 

executive function, processing speed, or visuomotor integration [15-19]. Survivors have reported 

neurocognitive problems in day-to-day living, and have demonstrated greater challenges in academic, 

vocational, social, and psychological aspects of their lives [20-23].  

Survivors of childhood cancer have reported lower engagement in physical activity than healthy controls, 

as well as greater declines in activity over time [24]. These lower rates of activity have been associated 

with the receipt of a cancer diagnosis, reduced psychosocial well-being, greater somatic symptoms, and 
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an elevated risk for secondary chronic health conditions and mortality [25-28]. Notably, engagement in 

physical activity has been associated with hippocampal neurogenesis in rodents, as well as with 

neuroimaging indices of brain health and better cognitive function in a variety of healthy and clinical 

populations [29], suggesting that this is an important variable to consider in studying the cognitive 

sequelae of childhood cancer. These relationships may be mediated by changes to adiposity, with negative 

relationships observed between Body Mass Index (BMI) and cognitive performance in healthy children, 

adolescents and adults [30]. Meta-analyses have noted significant relationships between physical activity 

and measures of attention, memory, motor control, spatial cognition, and processing speed, with 

particularly strong associations observed for executive functions [29, 31]. Although the largest effect 

sizes have been observed for aerobic exercise [31-32], efficacy has been demonstrated for a range of 

interventions, leaving it unclear as to what intensity and quantity of physical activity is optimal for the 

prevention and/or treatment of cognitive deficits. 

In the adult cancer literature, higher levels of physical activity have been associated with better 

neuropsychological outcomes in both cross-sectional and intervention studies [33]. Survivors of 

childhood cancer reporting higher levels of leisure-time physical activity have also endorsed more 

positive ratings of cognitive function, social function, and overall health-related quality of life [34]. 

Moreover, increased hippocampal volume and white matter fractional anisotropy, as well as improved 

reaction time have been observed in children treated with radiation for brain tumors following a 12-week 

aerobic exercise intervention [35]. However, no large-scale study has examined whether physical activity 

predicts late cognitive effects in childhood cancer survivors more broadly. In the current study, we aim to 

examine associations between physical activity and neurocognitive outcomes in a cohort of North 

American childhood cancer survivors who have taken part in the Childhood Cancer Survivor Study 

(CCSS), and to explore BMI and secondary chronic health conditions as factors influencing this 

relationship. 

III. Objective/Specific aims/Research Hypotheses: 

Aim 1. To examine associations between persistent physical activity (i.e. meeting CDC guidelines) and 

neurocognitive outcomes on the CCSS-NCQ at follow-up in survivors and siblings, after controlling for 

relevant covariates. 

Hypothesis. Those who have consistently met CDC guidelines from baseline to follow-up will 

show fewer symptoms on the NCQ or lower rates of impairment than those who have been 

inconsistent, or have consistently not met guidelines. This relationship is anticipated to occur in 

both survivors and their siblings; however, we anticipate a stronger relationship in survivors. 

Although the literature provides a rationale for those engaging in higher levels of activity to 

demonstrate fewer symptoms across each of the NCQ domains (Emotional Regulation, Memory, 

Organization, and Task Efficiency), the Memory domain (which captures both working memory 

and long-term memory) and Organization domain are hypothesized to be most strongly associated 

with one’s engagement in physical activity.  

Aim 2. To explore associations between the intensity of physical activity, the quantity of physical activity 

(minutes per week) and neurocognitive outcomes on the CCSS-NCQ in survivors and siblings, after 

controlling for relevant covariates.  

Hypothesis. Those engaging in more intense and more frequent activity will demonstrate fewer 

symptoms on the NCQ scores or lower rates of impairment. This relationship is anticipated to 

occur in both survivors and their siblings; however, we anticipate a stronger relationship in 
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survivors. Similar to Aim 2, out of the neurocognitive domains measured, we anticipate that 

Memory will be most strongly associated with physical activity intensity and frequency. 

Aim 3. To evaluate BMI as a mediator of the relation between persistence of physical activity and 

neurocognitive outcome on the CCSS-NCQ. 

Hypothesis. BMI will partially mediate this relationship; however, physical activity is anticipated 

to predict NCQ symptomatology over and above BMI. A negative relationship is anticipated to 

occur between PA and BMI, as well as in the direct relationship between PA and NCQ 

symptomatology. The relationship between BMI and NCQ symptom reporting is anticipated to be 

positive.  

Aim 4. To evaluate physical activity as a mediator of the association between chronic health conditions 

(e.g. cardiovascular, respiratory) and neurocognitive outcome on the CCSS-NCQ. 

Hypothesis. Physical activity will account for a modest proportion of the relationship between 

chronic health conditions and symptoms on the NCQ. The presence of a chronic health condition 

is anticipated to be associated with lower PA, which in turn, is anticipated to have a negative 

association with NCQ symptomatology. Moreover, having a chronic health condition is expected 

to be positively associated with NCQ symptomatology. 

Aim 5. To examine associations between patterns of PA and change in NCQ symptoms over time, using 

latent cluster analyses. 

Hypothesis. We anticipate that survivors will cluster in the following pattern: 

 Consistently high PA and healthy BMI 

 Consistently high PA and high BMI 

 Variable PA over time and healthy BMI 

 Variable PA over time and high BMI 

 Consistently low PA and high BMI 

 Consistently low PA and healthy BMI 

Moreover, we expect that clusters engaging in greater and more consistent PA, with healthy BMI 

scores, will be more likely to demonstrate stability or improvement in NCQ symptoms over time.   

IV. Analysis Framework: 

Population 

We propose to conduct our analysis on the original and expanded CCSS survivor cohorts. We propose to 

also include siblings as a comparison group for the CCSS-NCQ. 

Subject population 

Survivors and siblings from the original and expanded cohorts who completed physical activity 

information at baseline and follow-up (FU), as well as the CCSS-NCQ at FU. To allow for greater 

consistency in the timespan between baseline and FU measurements between the original and expanded 

cohorts, FU will be defined as FU2 for the original cohort and as FU5 for the expanded cohort. 
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Measures 

Independent variables:  

 Physical activity  

o Meeting CDC guidelines 

 Meeting CDC guidelines = >75 mins of vigorous; >150 mins moderate per week  

 Group participants based on persistence of PA from baseline to FU.  

 Consistently active (yes/yes); Inconsistently active (yes/no; no/yes); Consistently 

inactive (no/no) 

 For baseline – can only get a rough estimate of #minutes/per week engaged in 

vigorous exercise 

 < 18 yrs Baseline: Original cohort N.5; Expanded cohort O1  
o “On how many of the past 7 days did your child exercise or do 

sports for at least 20 minutes that made him/her sweat or breathe 

hard” 

 > 18 yrs Baseline: Original cohort N.9; Expanded cohort O15 
o “How many days (/7) did you exercise or do sports for at least 20 

minutes that made you sweat or breathe hard” 

 If 4 or more days – yes, meeting guidelines 

 FU – Given # minutes of vigorous and moderate activity per week 

 Classify as meeting CDC guidelines if >75 vigorous, or >150 moderate 

per week (FU2 D.2-7; FU5 N.16-21) 

o If <75 vigorous and <150 moderate – count vigorous minutes 

toward moderate total 

o Intensity of physical activity = (#days per week vigorous * 9) + (#days per week 

moderate * 5)  

 FU2 D.3, D.6; FU5 N.17, N.20 

o Quantity = (#days per week * minutes per day vigorous) + (# days per week * minutes 

per day moderate) 

 FU2 D.2-D.7; FU5 N.16-N.21 

 BMI = (weight in pounds / (height in inches * height in inches)) * 703 

o FU2 7,8; FU5 A.1-2 

 Chronic condition (yes/no) at any time point 

o Yes = existing grade 3-4 “relevant” conditions 

Relevant “Not relevant” 

Cardiovascular 

Respiratory 

Musculoskeletal 

Neurological 

Hematologic 

Infectious/Immunologic 

Diabetes 

Renal – dialysis  

Endocrine 

Hepatitis 

Vision 

Secondary malignancy 

Neurologic – Memory problems 

(redundant) 

GI, Renal (not listed elsewhere) 

Speech 

Hearing 
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Dependent variable:  

 CCSS-NCQ  

o Raw scores 

 Composite, task efficiency, emotion regulation, organization, memory) 

 FU2 J.1-25; FU5 Q.1-33 

o Impairment (yes/no)  

 Impaired = symptom level reported in ≤10% of the sibling normative sample 

Composite, task efficiency, emotion regulation, organization, memory 

o Change  

 (x2-x1) > SE of (x2-x1) for sibling sample 

 If YES (with increased symptoms) = cognitive decline 

 If YES (with decreased symptoms) or if NO = no decline 

 Composite, task efficiency, emotion regulation, organization, memory 

Covariates: 

 Health behaviours  

o Tobacco use – FU2 L.2; FU5 N.9 

 Do you smoke cigarettes now (yes/no) 

 Demographics 

o Age – FU Date – Baseline A.1 (DOB) 

o Education – FU2 Question 1; FU5 A.4 

 What is the highest grade or level of schooling you have completed (ordinal 

scale) 

o Race – Original cohort Baseline A.4; Expanded cohort Baseline A.5 

o Sex – Baseline A.2 

 Clinical variables  

o Age at diagnosis 

o Time since diagnosis 

o Diagnosis 

o Treatment 

 CNS radiation dose 

 Mediastinal radiation dose 

 Chemotherapy dose (antimetabolites, anthracyclines, alkylating agents, 

corticosteroids) 

 Bone marrow transplant 

o Psychiatric symptomatology – BSI composite (FU2 G.1-18; FU5 L.1-18) 

 

Analyses 

 Descriptive statistics and comparison of demographics across childhood cancer survivors and 

siblings. T-test or chi-square, as appropriate. 

 Covariance matrix – Covariates vs. PA and NCQ 

o Include relevant covariates (p < 0.05) in subsequent analyses 

 Aim 1 (Tables 2-5) 

o Multivariable regression 

 Predictors: PA (persistence; baseline  FU), Group (survivors vs. siblings) 

 Interaction (PA & Group) 

 Outcome: NCQ-raw and NCQ-impairment at FU (composite, task efficiency, 

emotion regulation, organization, memory) 

 Covariates: age at NCQ (and others identified in covariance matrix) 

o This analysis will be run separately for CNS tumor and non-CNS tumor survivors 

because of possible collinearity between PA and NCQ in the CNS group. 
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 Aim 2 (Tables 5-9) 

o Multivariable regression 

 Predictors: PA (quantity at FU), Group (survivors vs. siblings) 

 Interaction (PA & Group) 

 Outcome: NCQ-raw and NCQ-impairment at FU (composite, task efficiency, 

emotion regulation, organization, memory) 

 Covariates: age at NCQ (and others identified in covariance matrix) 

o Multivariable regression 

 Predictors: PA (intensity at FU), Group (survivors vs. siblings) 

 Interaction (PA & Group) 

 Outcome: NCQ-raw and NCQ-impairment at FU (composite, task efficiency, 

emotion regulation, organization, memory) 

 Covariates: age at NCQ (and others identified in covariance matrix) 

 Aim 3 (Table 10) 

o Mediation analysis 

 Predictor: PA (as defined in Aim 1),  

 Mediator: BMI at FU 

 Outcomes: NCQ-raw at FU (composite, task efficiency, emotion regulation, 

organization, memory) 

 Covariates: age at NCQ (and others identified in covariance matrix) 

 Aim 4 (Table 11) 

o Mediation analysis 

 Predictor: Presence of chronic condition [yes/no] 

 Mediator: PA (as defined in Aim 1) 

 Outcome: NCQ-raw at FU (composite, task efficiency, emotion regulation, 

organization, memory) 

 Covariates: age at NCQ (and others identified in covariance matrix) 

 Aim 5*original cohort, survivors only (Table 12-14) 

o Latent profile analysis in a random sample of half the original cohort. The remainder of 

the cohort will be used as a validation sample. We will subsequently explore 

demographic, disease, and treatment predictors of cluster membership, as well as how 

effectively cluster membership predicts meaningful change on the NCQ. 

 Variables: PA intensity (baseline, FU2, FU5), BMI (FU5) 

 Run validation analysis with remaining 50% of sample 

o Multinomial regression analysis 

 Predictors 

 Demographic: sex, age at FU5, educational attainment  

 Disease: diagnosis, age at diagnosis 

 Treatment: chemotherapy exposure ([yes/no], antimetabolites, 

anthracyclines, alkylating agents, corticosteroids), radiation (cranial 

[yes/no], non-cranial [yes/no]), cranial radiation dose 

 Presence of chronic health condition [yes/no] 

 Clinically significant psychiatric symptomatology [yes/no] 

 Outcome: cluster membership 

o Regression 

 Predictor: cluster membership 

 Outcome: change in NCQ [decline/no decline] 
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Table 1. Characteristics of participants who completed the NCQ at follow-up in the original and expanded 

cohorts, (i.e. study sample) and survivors excluded from analyses due to missing NCQ and/or PA data. 

 

Characteristics 
Survivors 

Survivors 

excluded p 
Siblings 

p 

N % N % N % 

Sex 

  Male 

  Female 

 

        

        

Race 

  White 

  Black 

  Other 

 

        

        

        

Ethnicity 

  Hispanic 

  Non-Hispanic 

 

        

        

Age at baseline 

  18-29 yrs 

  30-39 yrs 

  40-54 yrs 

 

        

        

        

Education 

  < 12 yrs 

  High school graduate 

  Some college 

  College graduate 

 

        

        

        

        

Household income 

  < $19,999 

  $20,000-39,999 

  $40,000-59,999 

  Over $60,000 

 

        

        

        

        

Physical activity 

(meeting CDC guidelines) 

  Consistently active 

  Inconsistently active 

  Consistently inactive 

 

 

        

        

        

Body Mass Index 

  Normal/underweight 

  Overweight 

  Obese 

 

        

        

        

Current tobacco use 

  Yes 

  No 

 

        

        

Age at diagnosis 

  < 1 yr 

  1-3 yrs 

  4-7 yrs 

  8-10 yrs 

  11-14 yrs 

  15-20 yrs 
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Cancer diagnosis 

  Leukemia 

  CNS malignancy 

  Hodgkin lymphoma 

  Non-Hodgkin lymphoma 

  Kidney tumors 

  Neuroblastomas 

  Soft tissue sarcoma 

  Bone tumors 

 

        

        

        

        

        

        

        

        

Treatment era 

  1970-1979 

  1980-1989 

  1990-1999 

 

        

        

        

Chemotherapy 

  Antimetabolites 

  Anthracyclines 

  Alkylating agents 

  Corticosteroids 

 

        

        

        

        

Radiation 

  None 

  Non-cranial 

  Cranial 

 

        

        

        

Cranial radiation dose 

  None 

  0.1-19 Gy 

  20-39 Gy 

  40-59 Gy 

  ≥ 60 Gy 

 

        

        

        

        

        

Mediastinal radiation dose 

  None 

  < 20 Gy 

  ≥ 20 Gy 

 

        

        

        

Grade 3+ health condition 

  Yes 

  No 

 

        

        

Clinically significant 

psychiatric symptomatology 

(BSI > 63) 

  Yes 

  No 
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Table 2. Multivariate regression exploring persistence in PA as a predictor of NCQ symptomatology in 

CNS cancer survivors.  

 

Variable  p-value sr2 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    

 

Table 3. Logistic regression exploring persistence in PA as a predictor of impairment on the NCQ in CNS 

cancer survivors. 

 

Variable OR 95% CI p-value 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    
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Table 4. Multivariate regression exploring persistence in PA as a predictor of NCQ symptomatology in 

non-CNS cancer survivors.  

 

Variable  p-value sr2 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    

 

Table 5. Logistic regression exploring persistence in PA as a predictor of impairment on the NCQ in non-

CNS cancer survivors. 

 

Variable OR 95% CI p-value 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    
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Table 6. Multivariate regression exploring PA intensity at follow-up as a predictor of NCQ 

symptomatology.  

 

Variable  p-value sr2 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    

 

Table 7. Logistic regression exploring PA intensity at follow-up as a predictor of impairment on the 

NCQ. 

 

Variable OR 95% CI p-value 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    
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Table 8. Multivariate regression exploring PA quantity at follow-up as a predictor of NCQ 

symptomatology.  

 

Variable  p-value sr2 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    

 

Table 9. Logistic regression exploring PA quantity at follow-up as a predictor of impairment on the NCQ. 

 

Variable OR 95% CI p-value 

NCQ Composite 

Group    

PA    

Group*PA    

Task Efficiency 

Group    

PA    

Group*PA    

Emotion Regulation 

Group    

PA    

Group*PA    

Organization 

Group    

PA    

Group*PA    

Memory 

Group    

PA    

Group*PA    
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Table 10. Analysis of BMI as mediator of persistence of PA and NCQ symptomatology at follow-up.  

 

 Path a 

PA  BMI 

Path b 

BMI  NCQ 

Path c’ 

PA  NCQ 

Mediation path 

a*b 

NCQ Composite 

β      

p-value     

Task Efficiency 

β      

p-value     

Emotion Regulation 

β      

p-value     

Organization 

β      

p-value     

Memory 

β      

p-value     

 

Table 11. Analysis of PA as a mediator between presence of a chronic health condition (CHC) and NCQ 

at follow-up. 

 

 Path a 

CHC  PA 

Path b 

PA  NCQ 

Path c’ 

CHC  NCQ 

Mediation path 

a*b 

NCQ Composite 

β      

p-value     

Task Efficiency 

β      

p-value     

Emotion Regulation 

β      

p-value     

Organization 

β      

p-value     

Memory 

β      

p-value     

 

Table 12a. Latent clusters for PA intensity and BMI in the original cohort. 

 Cluster 1 Cluster 2 Cluster X 

M SD M SD M SD 

PA baseline       

PA FU2       

PA FU5       

BMI FU5       
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Table 12b. Proportion (%) of original cohort by latent cluster. 

 

 Cluster 1 Cluster 2 Cluster X 

Original cohort    

 

Table 13. Logistic regression exploring cluster membership as a predictor of NCQ decline. 

 

 OR 95% CI p-value 

Cluster 1    

Cluster 2    

Cluster X    

 

Table 14. Multinomial logistic regression model exploring demographic and clinical predictors of cluster 

membership. 

 

Variable 
Cluster 1 Cluster 2 Cluster X 

OR 95% CI OR 95% CI OR 95% CI 

Sex 

  Male 

  Female 

 

      

      

Age at follow-up 

  18-29 yrs 

  30-39 yrs 

  40-59 yrs 

  50-69 yrs 

 

      

      

      

      

Education 

  <12 years 

  High school graduate 

  Some college 

  College graduate 

 

      

      

      

      

Age at diagnosis 

  0-2 

  3-5 

  6-10 

  11-15 

  16-20 

 

      

      

      

      

      

Cancer diagnosis 

  Leukemia 

  CNS malignancy 

  Hodgkin lymphoma 

  Non-Hodgkin lymphoma 

  Kidney tumors 

  Neuroblastomas 

  Soft tissue sarcoma 

  Bone tumors 

 

      

      

      

      

      

      

      

      

Chemotherapy 

  Antimetabolites 

  Anthracyclines 

  Alkylating agents 
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  Corticosteroids       

Radiation 

  None 

  Non-cranial 

  Cranial 

 

      

      

      

Cranial radiation dose 

  None 

  0.1-19 Gy 

  20-39 Gy 

  40-59 Gy 

  ≥ 60 Gy 

 

      

      

      

      

      

Grade 3+ health condition 

  Yes 

  No 

 

      

      

Clinically significant 

psychiatric 

symptomatology  

(BSI ≥ 63) 

  Yes 

  No 
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