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3. BACKGROUND AND RATIONALE 

Progress in cancer treatments have made survival into adulthood a reality for most children with a 

cancer diagnosis today with approximately 500,000 survivors of childhood cancer living in the 

United States.1 Survivors often experience behavioral and cognitive deficits as a result of 

neurotoxic cancer therapy which can alter brain development across the lifespan.2 The cascading 

impact of disrupted core cognitive skills of processing speed, attention span, and working memory 

have been theoretically proposed3,4 and empirically demonstrated to impact executive functions, 

academic skills, intellectual outcomes, and adaptive functions.5,6 Studies have shown that almost 

half of cancer patients reported social and environmental challenges, including social isolation, 

and are at risk of neurological and cognitive impairment, faster cognitive decline, and reduced 

health-related quality of life due to psychological, emotional, and school problems.7-11 Social 

isolation is characterized by limited social network or connections with family, friends, and 

colleagues,12 and may arise from geographical and physical separation.13 Social isolation and 

loneliness was declared as a new epidemic in 2023 and has been associated with an approximately 

30% higher risk of early mortality in the general population.14 Social isolation may be more 

common for survivors of childhood cancer as prolonged treatment is associated with missed 

opportunities for engaging in typical activities in youth that facilitate the development of 

behavioral, social, and cognitive skills.2 

 

Survivors have described their cancer journey as isolating due to several reasons including physical 

symptoms such as fatigue or impaired fitness, undermotivation, and immunocompromised status 

which can impose restrictions on participation in social activities like sports or hobbies.7,15-18 
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Survivors have expressed that they feel reluctant to “bother” 14 or are concerned about making their 

support groups feel “uncomfortable or overwhelmed”, including members of their family, friends, 

and even their healthcare team.18,19 Survivors also report a lack of perceived or actual support from 

family and friends while simultaneously coping with the challenges of both their professional and 

personal lives.18,20-21 Furthermore, while undergoing treatment survivors spend lengthy periods 

socially isolated, which can make it difficult to re-engage with others post-treatment.16,22  Studies 

have shown that survivors have lower rates of marriage or cohabitation and are twice as likely to 

live dependently compared to their siblings.23-25 

 

Risks associated with social isolation are particularly concerning during young adulthood as this 

period is associated with increased stress due the development of autonomy, vocational and 

education growth, and developing familial, platonic, and romantic relationships.19,26 Cancer 

diagnosis and treatment can detract from some or all these areas, and adolescents and young adults 

may feel separated and/or different from their peers, thereby contributing to feelings of 

isolation.19,20 The negative effects of social isolation are further compounded by subsequent stress 

and depression which are key biological processes associated with poorer survival.10 In the general 

population of adults, social isolation is associated with future cognitive decline, which is 

particularly salient for survivors of childhood cancer as they are already vulnerable to cognitive 

difficulties and report experiencing social challenges.27 Additionally, compared to the general 

population, survivors have a higher prevalence of chronic health conditions, which may also 

impact cognitive function and exacerbate social isolation.28 Several studies have also identified 

that due to specific deficits in social cognitive skills survivors of brain tumors may be at greatest 

risk of social isolation compared to other cancer groups.16,29 

Disparities in health outcomes among survivors have been linked to various neighborhood-level 

Social Determinants of Health (SDoH), including the Area Deprivation Index (ADI),30-32 Social 

Vulnerability Index (SVI)33-34, persistent poverty,35,36 and mortgage lending or redlining bias.37,38 

These structural factors are often intertwined with additional risks—for example, persistent 

poverty counties often overlap with rural areas lacking adequate healthcare,39 while redlining has 

historically led to the residential segregation of Black and other marginalized communities in the 

U.S.,40 significantly impacting their access to quality care.41,42 A deeper understanding of how 

clinical, biological, and psychosocial factors interact with social isolation and survivors’ cognitive 

function and changes in perceived cognitive function is essential to developing targeted 

interventions. 

In the present study, we aim to assess the relation between social isolation and cognitive function 

and perceived changes in cognitive function in childhood cancer survivors, and to examine the 

contributions of chronic health conditions and emotional health on this association. This analysis 

will use recent data on social isolation (FU7) and neurocognitive functioning (NCQ at FU5 and 

FU7), perceived changes in cognitive function (PROMIS FU7) collected on all survivors enrolled 

in the CCSS (Original and Expansion cohorts). Results will inform interventions targeting social 

isolation that may increase the provision of social supports and in turn promote cognitive 

outcomes. 

 

4. SPECIFIC AIMS AND RESEARCH HYPOTHESES 
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4.1 Aim 1: Estimate the prevalence and identify predictors of social isolation in adult survivors 

of childhood cancer (FU7). 

4.1.1 Hypothesis 1a: Adult survivors of childhood cancer will be more likely to report social 

isolation compared to sibling controls and normative expectations.  

4.1.2 Hypothesis 1b: Survivors treated with CNS-directed therapies, particularly survivors 

of brain tumors, will have the highest prevalence of social isolation compared to other 

diagnostic/treatment exposure groups.  

4.1.3 Hypothesis 1c: Survivors who reside in neighborhoods characterized by higher 

structural inequity and deprivation will be more likely to report social isolation 

compared to normative expectations. 

 

4.2 Aim 2: Examine associations between social isolation (FU7), cognitive function (difference 

between FU5 and FU7), and between social isolation and perceived changes in cognitive 

function (FU7) in adult survivors of childhood cancer. 

4.2.1 Hypothesis 2a: Greater symptoms of social isolation will be associated with cognitive 

impairment and negative perception of change in cognitive function. 

4.2.2 Hypothesis 2b: Survivors who received CNS-directed therapies (i.e., cranial 

irradiation, intrathecal chemotherapy), particularly survivors of brain tumors, will be 

more vulnerable to the effect of social isolation on cognitive function and perceived 

changes in cognitive function compared to other diagnostic/treatment exposure 

groups. 

4.2.3 Hypothesis 2c: Survivors who reside in neighborhoods characterized by higher 

structural inequity and deprivation will be more vulnerable to the effect of social 

isolation on cognitive function and perceived changes in cognitive function compared 

to normative expectations. 

 

4.3 Aim 3: Examine whether social isolation (FU7) mediates the association between chronic 

health conditions and emotional health symptoms and perceived changes in cognitive 

function in adult survivors of childhood cancer (FU7). 

4.3.1 Hypothesis 3: Social isolation will mediate the association between chronic health 

conditions and poorer emotional health and perceived changes in cognitive function. 

Specifically, survivors with greater symptoms of social isolation will be more likely 

to experience greater negative perceived changes in cognitive function in the context 

of chronic health conditions and poorer emotional health.   

4.3.2 Hypothesis 3b: Social isolation will mediate the association between chronic health 

conditions and poorer emotional health and perceived changes in cognitive function. 

Specifically, survivors who received CNS-directed therapies (i.e., cranial irradiation, 

intrathecal chemotherapy), particularly survivors of brain tumors, will be more likely 

to experience greater negative perceived changes in cognitive function compared to 

other diagnostic/treatment exposure groups. 

4.3.3 Hypothesis 3c: Social isolation will mediate the association between chronic health 

conditions and poorer emotional health and perceived changes in cognitive function. 

Specifically, survivors who reside in neighborhoods characterized by higher structural 

inequity and deprivation will experience greater symptoms of social isolation and will 

be more likely to experience greater negative perceived changes in cognitive function 
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in the context of chronic health conditions and poorer emotional health compared to 

normative expectations. 

 

5. ANALYSIS FRAMEWORK 

5.1 Population: This study will include all eligible survivors in CCSS. Inclusion criteria for the 

proposed study are follows: at least five years from diagnosis, ≥18 years of age, and completed 

FU7, including the PROMIS Social Isolation and Cognitive Function measures. With regards to 

social isolation, we will examine the frequency of self-reported social isolation versus proxy-

reported self-isolation and accordingly use either the self-reported social isolation data only 

(majority of the data is self-reported) or both self- and proxy-reported social isolation if there are 

no statistically significant differences in the data between both groups of responders for all three 

aims. Exclusion criteria include genetic or neurodevelopmental disorders associated with 

neurocognitive impairment related to cancer diagnosis (i.e., Turner syndrome, Klinfelter 

syndrome). 

5.2.1 Aim 1: 

 Outcome: Social Isolation will be assessed using the PROMIS Social Isolation 

instrument43 that was administered at FU7 [L20], a four-item scale that assesses 

perceptions of being avoided, excluded, detached, disconnected from, or unknown by, 

others. The item bank does not use a time frame (e.g. over the past seven days) when 

assessing social isolation. Age-standardized T-scores will be used, with higher scores 

indicating more problems. High social isolation will be defined as a T score>60, which 

means the survivor’s score is at least one standard deviation above the average.  

 Exposures:  

Clinical variables 

• Diagnosis 

o CNS tumors 

o Leukemia 

o Hodgkin lymphoma 

o non-Hodgkin lymphoma 

o Wilms’ tumor 

o Neuroblastoma 

o Soft tissue sarcoma 

o Bone tumor 

• Age at diagnosis, in years 

• Time since diagnosis, in years 

Treatment exposures 

All treatment exposures refer to the first 5 years after the primary cancer diagnosis. 

• Radiation, maximum target dose (maxTD; dose categories, or as a continuous 

variable if warranted) 

o Cranial (none, <20Gy, ≥20Gy to <30Gy, ≥30Gy) 

o Non-cranial (yes/no) 

• Chemotherapy (yes/no, or as a continuous variable if warranted) 

o IV methotrexate 

o Intrathecal methotrexate 

o Cytarabine 

o Vincristine 
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o Anthracycline equivalent dose 

o Alkylating agent equivalent dose 

o Corticosteroids 

o Platinum agents 

• Shunt (yes/no) 

Neighborhood-level geocoded SDoH 

o Area Deprivation Index30-31 (ADI) will be evaluated as comparison metric of 

neighborhood-level socioeconomic adversity, as described by Ehrhardt et al.32 

o Social Vulnerability Index (SVI), 33-34 a measure of neighborhood-level 

deprivation, provides data on four SDoH themes including socioeconomic status, 

household characteristics, racial and ethnic minority status, and housing type and 

transportation. 

o Zip code approximation of Rural-Urban Community Area (RUCA) codes which 

classifies ZIP code areas using measures of population density, urbanization, and 

daily commuting.  

o Persistent poverty, measure of neighborhood-level structural inequity, as defined 

by the US Department of Agriculture (USDA) Economic Research Service44 (ERS) 

as counties with ≥20% of residents’ income falls below the federal poverty level) 

by the decennial censuses in 1980, 1990, and 2000, as well as in the 2007-2011 

American Community Survey. This measure will be categorized as a binary 

variable: persistent poverty or non-persistent poverty. 

o Modern redlining index linked by census tract37,38 is based on data from the Home 

Mortgage Disclosure Act data (2007-2013). This index measures the odds ratio of 

mortgage application denial based on property location and is categorized by levels 

of mortgage lending bias which include 0-0.5 [least], 0.5-1 [low], 1-2 [moderate], 

≥2 [high]. 

o Medically Underserved Area (MUA), identified by the Health Resources and 

Services Administration (HRSA),45 will be used to indicate county-level areas with 

limited access to primary care services. We will use the Index of Medical 

Underservice (IMU) score to determine if an area qualifies as MUA (score ≤62.0). 

IMU consists of four variables: percentage of the population with incomes below 

poverty, population-to-primary care physician ratio, infant mortality rate, and 

percentage of the population aged ≥65 years. These medical service areas will be 

aligned with census tracts and will be evaluated as a modifying/mediating variable. 

 

5.2.2 Aim 2: 

Outcomes: Cognitive function will be assessed using the Neurocognitive Questionnaire 

(NCQ) administered at FU5 [Q1-QN33] and FU7 [P1-P33] for both the original and 

expansion cohorts. We will examine the NCQ at FU7 and the change in the NCQ between 

FU5 and FU7. The NCQ, which was developed to identify neurocognitive problems in 

childhood cancer survivors,46,47 assesses four neurocognitive domains: task efficiency, 

emotional regulation, organization, and memory. Age-adjusted T-scores will be calculated 

using sibling norms, and impairment will be defined as a score ≥90th percentile based on 

sibling distribution. Neurocognitive change in each domain will be defined based on 

impaired or unimpaired scores at the two time points and will be classified into four 

categories: 
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a) persistent neurocognitive impairment: impaired at both FU5 and FU7; 

b) resolved neurocognitive impairment: impaired at FU5 and not impaired at FU7; 

c) new-onset neurocognitive impairment: not impaired at FU5 and impaired at FU7; 

d) stable unimpaired neurocognitive functioning: not impaired at both FU5 and FU7. 

This approach is consistent with other CCSS publications for emotional distress,48 and 

loneliness.49 An alternative approach will be considered that defines neurocognitive 

change as a change of ≥ ±1 standard deviation between FU5 and FU7 and categorized as 

either “declined”, “similar” or “improved” neurocognitive function.50  

Perceived changes in cognitive function will be assessed using the PROMIS Cognitive 

Function instrument43 administered at FU7 [L19], a four-item sub-set scale of the 

PROMIS Cognitive Function item bank that assesses patient-perceived cognitive deficits. 

Standardized T-scores will be used, and impairment will be defined as a score >60, which 

means the survivor’s score is one standard deviation above the average. 

Predictor: Social Isolation will be assessed using the PROMIS Social Isolation 

instrument43 as described in Aim 1.  

Exposure:  

Neighborhood-level geocoded SDoH 

o Area Deprivation Index30-31 (ADI) will be evaluated as comparison metric of 

neighborhood-level socioeconomic adversity, as described by Ehrhardt et al.32 

o Social Vulnerability Index (SVI), 33-34 a measure of neighborhood-level 

deprivation, provides data on four SDoH themes including socioeconomic status, 

household characteristics, racial and ethnic minority status, and housing type and 

transportation. 

o Zip code approximation of Rural-Urban Community Area (RUCA) codes which 

classifies ZIP code areas using measures of population density, urbanization, and 

daily commuting.  

o Persistent poverty, measure of neighborhood-level structural inequity, as defined 

by the US Department of Agriculture (USDA) Economic Research Service44 (ERS) 

as counties with ≥20% of residents’ income falls below the federal poverty level) 

by the decennial censuses in 1980, 1990, and 2000, as well as in the 2007-2011 

American Community Survey. This measure will be categorized as a binary 

variable: persistent poverty or non-persistent poverty. 

o Modern redlining index linked by census tract37,38 is based on data from the Home 

Mortgage Disclosure Act data (2007-2013). This index measures the odds ratio of 

mortgage application denial based on property location and is categorized by levels 

of mortgage lending bias which include 0-0.5 [least], 0.5-1 [low], 1-2 [moderate], 

≥2 [high]. 

o Medically Underserved Area (MUA), identified by the Health Resources and 

Services Administration (HRSA),45 will be used to indicate county-level areas with 

limited access to primary care services. We will use the Index of Medical 

Underservice (IMU) score to determine if an area qualifies as MUA (score ≤62.0). 

IMU consists of four variables: percentage of the population with incomes below 

poverty, population-to-primary care physician ratio, infant mortality rate, and 

percentage of the population aged ≥65 years. These medical service areas will be 

aligned with census tracts and will be evaluated as a modifying/mediating variable. 
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5.2.3 Aim 3: 

Outcomes: Perceived changs in cognitive function will be assessed using the PROMIS 

Cognitive Function instrument43 (FU7) as described in Aim 2.  

Predictors:  

Chronic Health Conditions (CHCs; CTCAE grade 0-4) [D1-I9]. Endocrine, cardiac, 

pulmonary, neurologic, hearing, vision, we will analyze CHCs with onset before FU7. We 

will utilize a method developed by Geenen et al,51 to aggregate chronic health conditions 

across organ systems taking into account the frequency and grade of conditions. This 

method will be adapted for CCSS, where chronic conditions are based on self-report and 

grade 1 conditions are mostly asymptomatic. For survivors who have multiple chronic 

health conditions within the same organ system, we will use the highest grade within that 

organ system. This severity/burden score will be classified via the following ordinal 

categories: none/low (< grade 2 conditions), medium [having (≥1 grade 2) and/or (1 grade 

3 condition)], high [having (≥ 2 grade 3 conditions) or (1 grade 4 and 1 grade 3 

conditions)], and severe score [(≥ 1 grade 4 events) or (≥ 2 grade 3 conditions and a grade 

4 condition)]. This information is also summarized in the table below. Further groupings 

(e.g., ≤medium vs. high/severe) will be evaluated based on frequency distribution. In 

addition to the severity of chronic health conditions, we will also use the mean cumulative 

count. 

Burden 

Category 

Definition 

Severe more than one grade 4 event, or one grade 4 event and two or more 

grade 3 events 

High two or more grade 3 events, or one grade 4 event and at most one 

grade 3 event 

Medium None/low one or more grade 2 event(s) and/or one grade 3 event 

None/low any condition < grade 2* 

*adapted from the original method by Geenen, where “low” indicated one or more grade 

1 event(s). 

 

Emotional distress (FU7; yes/no; yes if any one of the following is met) 

o Anxiety: BSI Anxiety subscale T-score ≥63 [L1-L18] 

o Depression: BSI Depression subscale T-score ≥63 [L1-L18] 

o Current use of antidepressant and/or anxiolytic medications [C2], as previously 

defined in CCSS.34,43 

 

Mediator: Social Isolation will be assessed using the PROMIS Social Isolation 

instrument52 (FU7) as described in Aim 1. 

Exposure:  

Neighborhood-level geocoded SDoH 

o Area Deprivation Index30-31 (ADI) will be evaluated as comparison metric of 

neighborhood-level socioeconomic adversity, as described by Ehrhardt et al.32 

o Social Vulnerability Index (SVI), 33-34 a measure of neighborhood-level 

deprivation, provides data on four SDoH themes including socioeconomic status, 

household characteristics, racial and ethnic minority status, and housing type and 

transportation. 
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o Zip code approximation of Rural-Urban Community Area (RUCA) codes which 

classifies ZIP code areas using measures of population density, urbanization, and 

daily commuting.  

o Persistent poverty, measure of neighborhood-level structural inequity, as defined 

by the US Department of Agriculture (USDA) Economic Research Service44 (ERS) 

as counties with ≥20% of residents’ income falls below the federal poverty level) 

by the decennial censuses in 1980, 1990, and 2000, as well as in the 2007-2011 

American Community Survey. This measure will be categorized as a binary 

variable: persistent poverty or non-persistent poverty. 

o Modern redlining index linked by census tract37,38 is based on data from the Home 

Mortgage Disclosure Act data (2007-2013). This index measures the odds ratio of 

mortgage application denial based on property location and is categorized by levels 

of mortgage lending bias which include 0-0.5 [least], 0.5-1 [low], 1-2 [moderate], 

≥2 [high]. 

o Medically Underserved Area (MUA), identified by the Health Resources and 

Services Administration (HRSA),45 will be used to indicate county-level areas with 

limited access to primary care services. We will use the Index of Medical 

Underservice (IMU) score to determine if an area qualifies as MUA (score ≤62.0). 

IMU consists of four variables: percentage of the population with incomes below 

poverty, population-to-primary care physician ratio, infant mortality rate, and 

percentage of the population aged ≥65 years. These medical service areas will be 

aligned with census tracts and will be evaluated as a modifying/mediating variable. 

 

5.4 Covariates 

• BMI (at FU7) [A1-A2] 

o Underweight (BMI < 18.5) 

o Normal (BMI ≥ 18.5 and < 25) 

o Overweight (BMI ≥ 25 and <30) 

o Obese (BMI ≥30) 

Sociodemographic factors (at FU7) 

• Age at evaluation 

• Age at diagnosis 

• Sex 

• Race/ethnicity 

o White, non-Hispanic 

o Black, non-Hispanic 

o Other 

• Employment [A7] 

o Full-time 

o Part-time 

o Retired/disabled/unemployed 

• Educational attainment [A6] 

o < High school, completed high school 

o Training after high school/some college, college graduate/post-graduate 

• Marital status [A10] 
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o History of marriage (yes/no; yes if married, living with partner as married, 

widowed, divorced, separated or no longer living as married)  

• Independent living [A9] 

o Yes (yes/no; yes if live with spouse/partner, live alone, live with roommates) 

• Health insurance [A16] 

o Yes (yes/no; yes if yes, Canadian resident) 

Health-related factors (at FU7) 

• Physical activity (yes/no met CDC guidelines) [M15-M21] 

• Alcohol use (yes/no for heavy/risky drinking) [M1-M6] 

• Smoking status (current/ever, never) [M7-M11] 

• Pain (yes/no; yes if any one of the following is met): 

o Headaches (migraines, severe headaches) still present [J3-J4] 

o Moderate to very severe bodily pain [N7-N8] 

 

6. ANALYTIC APPROACH 

Frequency distributions will be generated to categorize relevant outcome variables, predictors, and 

covariates according to a prior and/or reasonable groupings. Descriptive statistics including means, 

standard deviation, medians, ranges, frequencies, and percentages will be calculated for all 

outcomes, predictors, and covariates. With regards to social isolation, we will examine the 

frequency of self-reported social isolation versus proxy-reported social isolation and accordingly 

use either the self-reported social isolation data only (majority of the data is self-reported) or both 

self- and proxy-reported social isolation if there are no statistically significant differences in the 

data between both groups of responders for all three aims. 

 

Aim 1: Estimate the prevalence and identify predictors of social isolation in adult survivors of 

childhood cancer (FU7). 

Prevalence estimates of social isolation will be generated for survivors and siblings. The analysis 

will examine the prevalence of social isolation at a few different thresholds such as 1 SD, 1.5 SD, 

2 SD (Table 2). A generalized linear model for high social isolation (defined as a score >60) will 

evaluate the association of exposures described above with social isolation (Table 3). If the 

outcomes are rare, logistic regression will be used, otherwise a log-link and Poisson errors will be 

used to model prevalence ratios. Associations of social isolation with primary diagnoses and 

treatment exposures will be included in separate models to avoid problems due to collinearity of 

childhood cancer diagnosis and treatments. Reported prevalence of social isolation will be 

compared to healthy sibling comparators in models adjusted for age at follow-up, sex, 

race/ethnicity, BMI, neighborhood-level geocoded SDoH, and sociodemographic factors 

(employment, educational attainment, marital status, and health insurance status). In sensitivity 

analyses, models will be adjusted for independent living (as an additional indicator of social 

support) in place of marital status, due to significant overlap between the two variables that 

precluded inclusions of both in the main models. Finally, prevalence ratios (PRs) and odds ratios 

(ORs) as a function of age and corresponding 95% confidence intervals will be generated to 

compare risk of social isolation between survivors and siblings. We will also stratify the results by 

stages of adulthood including young adult, middle adulthood (40 to mid-60s), and late adulthood 

(mid-60s and beyond).  

 



 

St. Jude - Confidential 

Aim 2: Examine associations between social isolation (FU7), changes in cognitive function 

(difference between FU5 and FU7), and perceived changes in cognitive function in adult survivors 

of childhood cancer (FU7). 

Multivariable multinomial regression models will be used to investigate associations between 

social isolation (predictor) and neurocognitive functioning (outcome). As previously mentioned, 

high social isolation will be defined as a score >60. Models will be adjusted a priori for sex, 

race/ethnicity, age at diagnosis, treatment exposures, BMI, neighborhood-level geocoded SDoH, 

employment, educational attainment, marital status, and health insurance status at FU7 (Table 4). 

Since each neighborhood-level SDoH metric represents a theoretically different concept, and it is 

not yet known which is most strongly associated with survivors’ outcomes, each metric will be 

analyzed independently. Due to limitations in available geocoding data—particularly for older 

geocodes—our primary analytic approach will include all geocoded addresses reported by CCSS 

participants from the year 2000 onward. For each participant, the geocode corresponding to the 

highest level of neighborhood-level structural inequity and deprivation will be used in analyses to 

capture exposure to any recent disadvantage. Additionally, sensitivity analyses will be performed 

to compare results using the most recent versus the earliest available geocode, to explore the effects 

of exposure timing (e.g., during young adulthood vs. childhood/adolescence). 

 

Trajectories of neurocognitive functioning will be defined as changes in NCQ impairment between 

FU5 and FU7 as previously described (i.e., persistent, resolved or new-onset neurocognitive 

impairment vs. stable unimpaired neurocognitive functioning in the primary approach; “declined” 

or “improved” vs. “similar” in the alternative approach), using separate models for each NCQ 

domain score (task efficiency, emotional regulation, organization, and memory). We will also 

examine NCQ scores as measured at FU7 (Table 5). Alternatively, generalized linear models will 

be used to determine the relative risk of new-onset impairment at follow-up in each domain among 

survivors who did not report impairment in that domain at baseline. Additionally, cognitive 

functioning will also be defined using the PROMIS Cognitive Function instrument administered 

at FU7, impairment will be defined as a score >60. For both the NCQ and PROMIS Cognitive 

Function measures, we will compare survivors with self-completed versus proxy-completed 

questionnaires to examine potential bias in the analysis. We will also stratify the results by stages 

of adulthood.  

 

 

Aim 3: Examine whether social isolation (FU7) mediates the association between chronic health 

conditions and emotional health symptoms and perceived changes in cognitive function in adult 

survivors of childhood cancer (FU7).  

We will utilize path analysis as shown in the figure below to determine the contributions of social 

isolation to the associations between chronic health conditions and emotional distress and 

perceived changes in cognitive function in adult survivors of childhood cancer. We are proposing 

that social isolation mediates the relation between chronic health conditions and emotional health 

symptoms and our outcome, perceived change in cognitive function, adjusting for age at follow-

up, sex, race/ethnicity, BMI, neighborhood-level geocoded SDoH, and personal sociodemographic 

factors (employment, educational attainment, marital status, and health insurance status). Since 

each neighborhood-level SDoH metric represents a theoretically different concept, and it is not yet 

known which is most strongly associated with survivors’ outcomes, each metric will be analyzed 

independently. Due to limitations in available geocoding data—particularly for older geocodes—
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our primary analytic approach will include all geocoded addresses reported by CCSS participants 

from the year 2000 onward. For each participant, the geocode corresponding to the highest level 

of neighborhood-level structural inequity and deprivation will be used in analyses to capture 

exposure to any recent disadvantage. Additionally, sensitivity analyses will be performed to 

compare results using the most recent versus the earliest available geocode, to explore the effects 

of exposure timing (e.g., during young adulthood vs. childhood/adolescence). The double-headed 

arrows represent a bidirectional “path” between the outcomes, where the variables are thought to 

exert an influence on each other. No assumptions regarding causal inference are made between 

variables thought to covary. We will also examine the contribution of diagnosis and treatment 

exposures as covariates in the model. 
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Path Analysis Diagram 

 

 

The program figures will be used to write the R programming code. The output will provide a test 

of the null hypothesis as well as goodness of fit statistics. A model with an ideal fit to the data 

would reflect some if not all of the following: the absolute values of entries in the normalized 

residual matrix should not exceed 2.00, the p-value associated with the model chi-square test 

should exceed .05 and be closer to 1.00, the comparative fit index and the non-normed fit index 

should both exceed .9 and be closer to 1.00, the R2 value for each endogenous variable should be 

relatively large, and the absolute value of the t statistics for each path coefficient should exceed 

1.96, and the standardized path coefficients should exceed .05.53 The output will also provide 

estimates and significance tests for the path coefficients, variances, and covariances; these are the 

parameters of interest in path analysis. Depending upon the fit between the model and the data, 

modification indices will indicate how the model should be revised for a better fit (Table 6). 

  

Chronic Health 

Conditions 

Emotional Distress 

Social Isolation 

Perceived Changes 

in Cognitive 

Function 

Cognitive Function 
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Table 1. Sociodemographic and clinical characteristics at FU7 of childhood cancer survivors. 

 Total sample  

(N = ) 

CNS-directed therapies 

(n = ) 

Non-CNS-directed therapies 

(n = ) 

 n (%) n (%) n (%) 

Sex    

Male    

Female    

Race/Ethnicity    

White, non-Hispanic    

Black, non-Hispanic    

Other    

Age at assessment, years    

18-29    

30-39    

40-49    

50+    

Age at diagnosis, years    

0-4    

5-9    

10-14    

15-21    

Diagnosis    

Leukemia    

CNS tumors    

Hodgkin lymphoma    

Non-Hodgkin 

lymphoma 

   

Neuroblastoma    

Wilms’ tumor    

Soft tissue sarcoma    

Bone tumor    

Cranial radiation, Gy    

None    

<20    

≥20 to <30    

≥ 30    

Non-cranial radiation    

Yes    

No    

IT Methotrexate    

IV Methotrexate, g/m2    

Median (IQR) dose    

None    

>0 to <40    

≥ 40    
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Cytarabine    

Yes    

No    

Anthracycline, mg/m2    

Median (IQR) dose    

None    

1-249    

≥250    

BMI    

Underweight    

Normal    

Overweight    

Obese    

Physical activity    

Smoking    

Alcohol drinking    

Emotional distress    

Pain    

Vitality    

Chronic conditions    

None/low    

Medium    

High    

Severe    

Note. CNS-directed therapies include cranial radiation and intrathecal methotrexate. 

Note.  BMI, Body Mass Index; Gy, grey; IQR, interquartile range; IT, intrathecal; IV intravenous. 
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Table 2 (Aim 1). Prevalence of social isolation in childhood cancer survivors and siblings. 

 Survivors 

(N = ) 

Siblings 

(N = ) 

 

 n % n % PR (95% 

CI) 

Social Isolation      

1 SD       

1.5 SD      

2 SD      

Note. Models will be adjusted a priori for age at follow-up, sex, race/ethnicity, BMI, employment, 

educational attainment, marital status, and health insurance status at FU7. 

Note.  CI, confidence interval; PR, prevalence ratio. 
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Table 3 (Aim 1). Associations between exposures and social isolation. 

 Social Isolation 

OR (95% CI) 

Model 1: Diagnosis 

Siblings 1.00 (-) 

Leukemia  

CNS tumors  

Hodgkin lymphoma  

Non-Hodgkin lymphoma  

Neuroblastoma  

Wilms’ tumor  

Soft tissue sarcoma  

Bone tumor  

Model 2: Treatment exposure 

Treatment modality  

Chemotherapy  

Radiation therapy  

Both  

IV Methotrexate, g/m2  

Median (IQR) dose  

None  

>0 to <40  

≥ 40  

Cytarabine  

Yes  

No  

Anthracycline, mg/m2  

Median (IQR) dose  

None  

1-249  

≥250  

Cranial radiation, Gy  

None  

<20  

≥20 to <30  

≥ 30  

Non-cranial radiation  

Yes  

No  

Shunt  

Yes  

No  

Model 3: Neighborhood-level geocoded SDoH 

ADI  

Least disadvantaged 80%  
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The other most disadvantaged 20%  

SVI  

   Least disadvantaged 80%  

   The other most disadvantaged 20%  

Urbanization using RUCA codes  

Persistent poverty  

Modern redlining index  

   Least  

   Low  

   Moderate  

   High  

MUA  

Note. Models will be adjusted a priori for age at follow-up, sex, race/ethnicity, BMI, employment, 

educational attainment, marital status, and health insurance status at FU7. 

Note.  ADI, Area Deprivation Index; CNS, central nervous system; COI, Child Opportunity 

Index; Gy, grey; IQR, interquartile range; IT, intrathecal; IV, intravenous; MUA, Medically 

Underserved Area; RUCA, Rural-Urban Commuting Area Codes; SVI, Social Vulnerability 

Index. 
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Table 4 (Aim 2). Multinomial regression examining associations between social isolation, cognitive function, and perceived changes in cognitive 

function in adult survivors of childhood cancer. 

 

Neurocognitive functioning trajectories from change in NCQ at FU5 and FU7 

PROMIS 

Cognitive 

Function at 

FU7 

 Persistent impairment New-onset impairment Resolved impairment Impaired 

 TE ER Org Mem TE ER Org Mem TE ER Org Mem 

 RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

Social 

Isolation 

at FU7 

             

Note. Persistent impairment = impaired to impaired; new-onset impairment = non-impaired to impaired; resolved impairment; impaired to non-

impaired; stable non-impairment as reference group. 

Note. Separate models for each neurocognitive outcome; adjusted a priori for sex, race/ethnicity, age at diagnosis, treatment exposures, BMI, 

neighborhood-level geocoded SDoH, employment, educational attainment, marital status, and health insurance status at FU7. 

Note. CI, confidence interval; ER, Emotional regulation; Mem, Memory; Org, Organization; RR, relative risk; TE, Task efficiency. 
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Table 5 (Aim 2). Multinomial regression examining associations between social isolation, cognitive function, and perceived changes in cognitive 

function in adult survivors of childhood cancer at FU7. 

 

Neurocognitive functioning trajectories from NCQ (FU7) 

PROMIS 

Cognitive 

Function 

(FU7) 

 Persistent impairment New-onset impairment Resolved impairment Impaired 

 TE ER Org Mem TE ER Org Mem TE ER Org Mem 

 RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

RR 

(95% CI) 

Social 

Isolation 

             

Note. Persistent impairment = impaired to impaired; new-onset impairment = non-impaired to impaired; resolved impairment; impaired to non-

impaired; stable non-impairment as reference group. 

Note. Separate models for each neurocognitive outcome; adjusted a priori for sex, race/ethnicity, age at diagnosis, treatment exposures, BMI, 

neighborhood-level geocoded SDoH, employment, educational attainment, marital status, and health insurance status at FU7. 

Note. CI, confidence interval; ER, Emotional regulation; Mem, Memory; Org, Organization; RR, relative risk; TE, Task efficiency. 
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Table 6 (Aim 3). Fit indices for the path model of the contributions of chronic health conditions and emotional 

health to associations between social isolation and perceived changes in cognitive function in adult survivors of 

childhood cancer (FU7). 

 Initial model Final model 

χ2   

Degrees of freedom   

P-value   

χ2 ratio   

GFI   

AGFI   

SRMR   

RMSEA estimator   

CFI   

NNFI   

Note. For health status in the initial model, this will include physical activity, smoking, and alcohol consumption.   

Note. The model will be adjusted a priori for sex, race/ethnicity, age at diagnosis, treatment exposures, BMI, 

neighborhood-level geocoded SDoH, employment, educational attainment, marital status, and health insurance 

status at FU7. 

Note. Acceptable values: p-value for χ2 >0.05; χ2 ratio <2.0; Goodness of Fit Index (GFI) ≥0.85; GFI adjusted for 

degrees of freedom (AGFI) ≥0.80; standardized root mean square residual (SRMR) ≤0.10; root mean square error 

of approximation (RMSEA) ≤0.08; Comparative Fit Index (CFI) ≥0.90; Bentler–Bonett Non-normed Index 

(NNFI) ≥0.90. 
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