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Background and Rationale 
 
From 1975 to 2005, advances in treatment for neuroblastoma have resulted in an 
increase in 5-year overall survival from 46% to 71% [1]. Therefore, we now have the 
opportunity to better understand what late effects are experienced by long-term 
survivors. There are several reasons to believe that subgroups of neuroblastoma 
survivors are at elevated risk for neurobehavioral impairments. Many patients receive 
cytotoxic treatments at very young ages (median age of diagnosis is 17.3 months) when 
normal psychosocial development can be disrupted [2, 3]. There is also a known 
association between cognitive functioning and neurologic vulnerability at younger ages 
after both cranial radiation as well as chemotherapy alone [4-6].  Neuroblastoma 
chemotherapy regimens contain several agents that are directly neurotoxic or result in 
cardiovascular insufficiency, which in turn is hypothesized to cause similar impairment 
[7-9]. These concepts remain understudied in long-term survivors of neuroblastoma. 
 
A number of neurotoxic agents are now routinely used in the treatment of high-risk 
neuroblastoma, notably cisplatin and vincristine, which have both been linked with 
peripheral neuropathy [8, 10, 11]. Peripheral neuropathy can in turn affect visual motor 
integration [12]. Studies in children with ALL suggest that impaired visual motor 
integration disrupt the development of higher level cognitive abilities and may be 
associated with poor math outcomes [13, 14]. In addition to peripheral neuropathy, 
cisplatin also results in hearing loss which impacts learning and socialization [15]. While 
the effects on hearing are well established, more research is needed to better determine 
how they manifest in neurobehavioral outcomes. A previous Childhood Cancer Survivor 
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Study (CCSS) analysis with a heterogeneous group of diagnoses found hearing loss to 
be a major predictor of neurobehavioral impairment in the domains of task efficiency, 
organization, memory, and emotional regulation [16]. Lastly, retinoic acid has recently 
become a mainstay of maintenance therapy for high-risk neuroblastoma. However, no 
studies are available to comment on the long-term effect this has on neurobehavioral 
outcomes, even though the drug is dose-limited by neurotoxicity [8, 17].  
 
While the studies are not yet available, there are other reasons to believe that 
neuroblastoma survivors may be at elevated risk for neurobehavioral impairment. These 
include both the early age of biologic insult to a developing brain [4], as well as the 
experience of intensive cancer treatment disrupting normal psychosocial development 
[18, 19]. There is also compelling evidence suggesting that vascular toxicity from 
anthracyclines and chest and neck radiation may result in cognitive impairment [7]. 
These factors are important to consider in neuroblastoma patients, as doxorubicin is a 
commonly used induction agent for high-risk cases [8]. 
 
An important strength of the Childhood Cancer Survivor Study is the ability to take into 
account detailed treatment exposures, which have changed considerably over the last 
several decades.  Standard of care for these patients has followed two major trends: 1) 
lower-risk patients have been treated with progressively de-escalating therapies vs. 2) 
higher-risk patients have received increasingly more intensive treatments including 
increased doses of multiagent chemotherapy for induction, myeloablative dosing with 
autologous stem cell transplantation for consolidation, and introduction of retinoid 
compounds [9, 8]. 
 
Cognitive and behavioral late effects have been understudied in neuroblastoma patients 
[20-23]. The Childhood Cancer Survivor Study is an optimal and informative sample to 
address this gap in research because there is uniform ascertainment of these measures 
with standardized instruments in patients who were diagnosed over the evolving 
paradigms of treatment. 
 
Hypothesis 
 

(1) Neuroblastoma survivors will demonstrate increased cognitive and behavioral 
impairment compared to their siblings. 
 

(2) This impairment will be associated with increased intensity of therapy, including 
use of cisplatin, transplant, and retinoic acid. 

 
Proposed Specific Aims 
 
Our specific aims are to: 
 

(1) Characterize overall patterns and severity of cognitive and behavioral difficulties 
in long-term survivors of neuroblastoma, as measured by standardized 
instruments and use of special education services. 



 3 

 
(2) Compare the severity in cognitive and behavioral problems between siblings and 

survivor treatment groups based on treatment intensity. 

 Group 1: No chemotherapy  

 Group 2: Chemotherapy without cisplatin, without transplant  

 Group 3: Chemotherapy with cisplatin, without transplant 

 Group 4: Chemotherapy with cisplatin, with transplant 
 
Please note that these groups may be modified once cross-tab frequencies of 
treatment exposures from the CCSS cohort are available. We will specifically 
consider whether there are sufficient numbers of survivors who received 
transplant, as well as whether or not to include or replace this group with those 
who have received retinoic acid. 
 

(3) Identify patient and treatment-related predictors of cognitive and behavioral 
problems in long-term survivors of neuroblastoma.  

 
Methods 
 
Study population 
Neuroblastoma survivors in the Childhood Cancer Survivor Study diagnosed from 1970 
to 1999 (includes both the original and expansion cohort) who participated in the 
Baseline <18 survey, along with sibling controls who also participated in the Baseline 
<18 survey. 
 
Outcome Variables 
The primary outcome will be the Behavior Problem Index (BPI), a 32-item questionnaire 
originally developed for the National Health Survey to describe cognitive, behavioral and 
emotional functioning [24]. For each item, parents were asked about their child’s 
behavior on a Likert scale ranging from 1 (“Not True”) to 3 (“Often True”). This tool 
examines the five domains of depression/anxiety, headstrong behavior, attention deficit, 
peer conflict/social withdrawal, and antisocial behavior, and has been previously 
validated in a CCSS sample [25]. We will also examine social networks via questions 
included with the BPI. 

 For the original cohort, the BPI corresponds to questions J.19a-w, J.20a-e, and 
J.21a-d on the Baseline <18 survey.  

 For the expansion cohort, the BPI corresponds to questions K.4a-w, K.5a-e, and 
K.6a-d on the Baseline <18 – expanded survey.  

o Similar to the CCSS paper validating this instrument [25], significant 
elevation in a domain will be defined as a score 1.3 standard deviations 
(approximating 10% of the sibling population) or more above the sibling 
group’s mean score in that domain. 

 Social networks (i.e. number of close friends and frequency of interactions) will 
be compared between survivors and siblings. These questions correspond to 
Baseline items J.16 and J.17 for the original cohort and items K1 and K2 for the 
expansion cohort.  
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As secondary outcomes, we will analyze the following: 

 Education (special education resources and highest level [less than high school 
vs. high school diploma vs. some college]) 

o For the original cohort, special education (yes vs. no; reason for special 
education) corresponds to question O.3 on the Baseline <18 survey. For 
the expansion cohort, this corresponds to question R.3 on the Baseline 
<18 – expanded survey. 

o For the original cohort only, highest level of education corresponds to 
question A.3 on the Follow-up 4 survey in 2007. Highest level of education 
in the expansion cohort cannot yet be obtained, as the survivors were 12-
17 years of age at parent report. 

 Employment (current employment status [working full-time vs. working part-time 
vs. caring for home or family vs. unemployed and looking for work vs. unable to 
work due to illness or disability vs. retired vs. student vs. other]) 

o For the original cohort only, employment corresponds to question A.4 on 
the Follow-up 4 survey in 2007 

 Peripheral neuropathy 
o For both the original and expansion cohort, the presence of neuropathy 

has been analyzed across a number of CCSS surveys and coded by a 
trained nosologist.  

o For both cohorts, this secondary outcome has also been graded according 
to the Common Terminology Criteria for Adverse Events (CTCAE) grading 
schema. We are specifically interested in survivors who exhibit neuropathy 
that is Grade 2 or higher. According to CTCAE, Grade 2 for peripheral 
motor and sensory neuropathy is defined as “Moderate symptoms; limiting 
instrumental ADL” [26]. 

 Hearing loss  
o For both the original and expansion cohort, the presence of hearing loss 

has been analyzed across a number of CCSS surveys and coded by a 
trained nosologist.  

o For both cohorts, this secondary outcome has also been graded according 
to the CTCAE grading schema. We are specifically interested in survivors 
who exhibit hearing loss that is Grade 3 or higher. According to CTCAE, 
Grade 3 for hearing loss is defined as “hearing loss with hearing aid or 
intervention indicated; limiting self care ADL” [26]. 

 
Predictor variables 
We will collect from the Baseline survey date of birth, sex, and race/ethnicity. We will 
also obtain self-reported height and weight to calculate body mass index (BMI). BMI will 
be calculated by dividing weight in kilograms by height in meters squared and then 
classified according to the standards of the National Heart, Lung, and Blood Institute 
and the World Health Organization: 1) <18.5 kg/m2 as underweight, 2) 18.5–24.9 kg/m2 
as normal weight, 3) 25–29.9 kg/m2 as overweight, and 4) >30 kg/m2 as obese [27, 28]. 
Cancer treatment information from medical record abstraction for each patient will be 
obtained, including date of diagnosis, chemotherapy (yes/no and cumulative dose), 
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radiation therapy (yes/no, dose, and site), surgery (yes/no), retinoic acid (yes/no). For 
chemotherapy, we will specifically examine whether patients received vincristine, 
cisplatin, and/or anthracyclines. For radiation sites, we will specifically examine cranial 
radiation (prescription dose, average dose to the brain, and dose to the 4 brain 
segments: posterior fossa, temporal lobe, frontal cortex, parietal or occipital lobe), 
chest/neck (average dose), or total body irradiation. 
 
Data Analysis Plan 
We will calculate descriptive statistics for demographic and treatment variables for 
cancer survivors in both the original cohort and the expanded cohort, as well as for their 
siblings. These statistics will be compared between the survivors stratified by treatment 
intensity (4 groups outlined in specific aim 2) and the siblings with generalized linear 
models with generalized estimating equations to account for potential within-family 
correlation [27], using identity or log-binomial link functions, for continuous and binary 
outcomes, respectively. .  
 
For each domain of the BPI, we will compare survivors vs. siblings both with 1) mean 
scores and standard deviations, as well as 2) percentages of individuals with scores in a 
low functioning or impaired range (defined as falling within the worst 10% range of 
siblings’ scores). We will use multivariable log-binomial regression with adjustment for 
current age, sex, and race. For comparing mean scores on each domain of the BPI 
between survivors and siblings, we will use generalized estimating equations to account 
for potential within-family correlation [29]. Log-binomial models will be used to assess 
the association of patient and treatment factors on cognitive and behavioral outcomes. 
Prevalence ratios for impairment in subgroups of survivors compared with the referent 
group will be reported with corresponding 95% confidence intervals, based on standard 
large sample inference method for generalized linear models. We will also examine 
interactions of younger age at diagnosis (<1 vs. ≥1 year) and treatment exposures (i.e. 
vincristine, platinum-containing agents, retinoic acid, radiation) and gender and 
treatment exposures. Separately, we will examine the association of the development of 
specific late effects (i.e. hearing loss, motor peripheral neuropathy) with cognitive and 
behavioral outcomes to understand if these late effects mediate impairment. SAS 
version 9.4 (SAS Institute, Cary, NC) will be used to conduct all analyses. Within the 
original cohort, we will use univariate binomial regression to examine the relative risk of 
poor adult education and employment outcomes using each BPI domain as a predictor.  
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Appendix. Skeleton Tables and Figures 
 
Table 1. Participant Characteristics 
 

Characteristic Siblings 
 

Overall 
Survivors 

Survivors 
diagnosed 
from 1970-
79 

Survivors 
diagnosed 
from 1980-
89 

Survivors 
diagnosed 
from 1990-
99 

# (%) p # (%) p # (%) p # (%) p # (%) p 

Sex 
   Female 
   Male 

          

Race/ethnicity 
   White 
   Black 
   Hispanic 
   Other 

          

Age at 
diagnosis, 
years 
   <1 
   1-1.99 
   2-4.99 
   5 and older 

          

Age at 
evaluation 
   12-14 
   15-17 

          

Highest 
Education 
   Less than 
high school 
   High school 
diploma 
Some college 

          

Overall 
treatment 
   Surgery only 
   
Chemotherapy 
   Radiation 
   
Chemotherapy 
and radiation 
 
   No surgery, 
chemotherapy, 
or radiation 
 
   Unknown 
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Table 2. Comparison of parent-reported cognitive and behavioral outcomes between neuroblastoma survivors and their siblings 
 

Group  Anxiety/Depression Headstrong Attention Deficit Peer Conflict/ 
Social Withdrawal 

Antisocial 

No. Mean 
(SD) 

p % 
impaired* 

Mean 
(SD) 

p % 
impaired 

Mean 
(SD) 

p % 
impaired 

Mean 
(SD) 

p % 
impaired 

Mean 
(SD) 

p % 
impaired 

Siblings                 

Neuroblastoma 
survivors, 
overall 

                

Treatment 
intensity   
  No 
chemotherapy   
 
  Chemotherapy 
without cisplatin 
 
  Chemotherapy 
with cisplatin 

                

 
*Impaired is defined as 1.3 standard deviations above the mean for the sibling group’s mean score for all domains.  
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Table 3. Association of patient and treatment factors with parent-reported cognitive and behavioral impairment among neuroblastoma survivors: 
univariate analysis 
 

Patient or 
Treatment 
Factor 

Anxiety/Depression Headstrong Attention Deficit Peer Conflict/ Social 
Withdrawal 

Antisocial 

% PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p 

Sex 
   Male 
   Female 

               

Ethnicity 
   White 
   Other 

               

Age at 
diagnosis 
   <1 
   1-1.99 
   2-4.99 
   5 and older 

               

Decade of 
diagnosis 
   1970-79 
   1980-89 
   1990-99 

               

Chemotherapy 
   Yes 
   No 

               

Cisplatin 
   Yes 
   No 

               

Vincristine 
   Yes 
   No 

               

Retinoic Acid 
   Yes 
   No 

               

Anthracycline 
    Yes 
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    No 

Cranial radiation 
(including 
scatter) 
   Yes 
   No 

               

TBI 
   Yes 
   No 

               

Chest/neck 
radiation 
    Yes 
    No 

               

Any vascular 
toxic treatment 
(anthracycline 
and/or 
chest/neck 
radiation) 
    Yes 
    No 

               

BMI (kg/m2) 
   < 18.5  

    18.5 – 24.9 
    25 – 29.9 
    > 30 

               

Hearing loss 
   None, Grade 
1 or Grade 2 
   Grade 3 or 
higher 

               

Peripheral 
motor 
neuropathy 
   None or 
Grade 1 
   Grade 2 or 
higher 

               

 



 10 

Table 4. Association of patient and treatment factors with parent-reported cognitive and behavioral impairment among neuroblastoma survivors: 
multivariate analysis 
 

Patient or 
Treatment 
Factor 

Anxiety/Depression Headstrong Attention Deficit Peer Conflict/ Social 
Withdrawal 

Antisocial 

% PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p % PR  
(95% 
CI) 

p 

                

 
*Please note that this table will be constructed with backwards-stepwise regression. We will take into consideration that both cisplatin and hearing 
loss cannot be analyzed in the same model given the causal pathway (likewise with vincristine and neuropathy). 
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Table 5. Relative risk of use of special education services, educational attainment and employment in neuroblastoma survivors diagnosed from 
1970 – 1986, based on impairment* in cognitive and behavioral functioning 
 

Cognitive and Behavioral 
Functioning as measured 
by the BPI 

Use of special education services Educational attainment of some 
college or higher 

Employment in the last 12 months 

No (%) RR p No (%) RR p No (%) RR p 

Anxiety/Depression 
    Impaired 
    No impairment 

         

Headstrong 
    Impaired 
    No impairment 

         

Attention Deficit 
    Impaired 
    No impairment 

         

Peer Conflict/Social 
Withdrawal 
    Impaired 
    No impairment 

         

Antisocial 
    Impaired 
    No impairment 

         

 
*Impaired is defined as 1.3 standard deviations above the mean for the sibling group’s mean score for all domains. 
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Table 6. Comparison of social networks between neuroblastoma survivors and their siblings 
 

Sex Characteristic Siblings Neuroblastoma Survivors 

Overall No 
chemotherapy 

Chemotherapy, 
no cisplatin, no 
transplant 
   
 

Chemotherapy 
with cisplatin, no 
transplant 
  

Chemotherapy 
with cisplatin 
and transplant 

Males  No(%) p No(%) p No(%) p No(%) p No(%) p No(%) p 

Number of 
close friends 
0 
1 
2 or 3 
4 or more 

      

Weekly 
interactions 
with close 
friends 
Less than 1 
1 or 2 
3 or more 

      

Females  No(%) p No(%) p No(%) p No(%) p No(%) p No(%) p 

Number of 
close friends 
0 
1 
2 or 3 
4 or more 

      

Weekly 
interactions 
with close 
friends 
Less than 1 
1 or 2 
3 or more 

      

Overall  No(%) p No(%) p No(%) p No(%) p No(%) p No(%) p 
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Number of 
close friends 
0 
1 
2 or 3 
4 or more 

      

Weekly 
interactions 
with close 
friends 
Less than 1 
1 or 2 
3 or more 
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Figure 1. Percentages and 95% confidence intervals of impairment in behavioral and cognitive 
domains in participants stratified by treatment intensity and compared with siblings overall. 
Impaired function is defined as 1.3 standard deviations above the mean for the sibling group’s 
mean score. 
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