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Abstract

Objective: To evaluate group differences in social adjustment in survivors of pediatric ALL compared to survivor siblings,
and controls; identify disease-related predictors of social adjustment in survivors; and explore whether executive functioning
explained differences in social adjustment across groups and between disease-related predictors. Methods: Survivors of pediatric
ALL (n=38, average age at diagnosis=4.27 years [SD=1.97|; average time off treatment=4.83 years [SD=1.52]), one sibling
(if available, n=20), and one parent from each family were recruited from a long-term survivor clinic. Healthy age- and
sex-matched controls (n=38) and one parent from each family were recruited from the community. Parents completed the
Behavioral Assessment System for Children, Parent Rating Scale (BASC-3) Social Withdrawal subscale as a measure of social
adjustment and the Behavior Rating Inventory of Executive Functions (BRIEF-2) as a measure of executive function for
each of their children. Results: Parents reported that survivors had significantly worse social adjustment compared to controls
(b=6.34, p=.004), but not survivor siblings. Among survivors, greater time off treatment (b=2.06, p=.058) and poorer executive
functioning (b=0.42, p=.006) were associated with worse social adjustment. Executive function did not mediate differences in
social withdrawal between survivors and controls or the relationship between time off treatment and social withdrawal among
survivors. Conclusions: Survivors of pediatric ALL presenting to follow-up programs should be screened for difficulties with
social adjustment. Future research should examine treatment- and non-treatment-related factors contributing to poorer social

outcomes.
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Abstract

Objective: To evaluate group differences in social adjustment in survivors of pediatric ALL compared
to survivor siblings, and controls; identify disease-related predictors of social adjustment in survivors; and
explore whether executive functioning explained differences in social adjustment across groups and between
disease-related predictors. Methods: Survivors of pediatric ALL (n =38, average age at diagnosis=4.27
years [SD =1.97]; average time off treatment=4.83 years [SD =1.52]), one sibling (if available, n=20), and
one parent from each family were recruited from a long-term survivor clinic. Healthy age- and sex-matched
controls (n =38) and one parent from each family were recruited from the community. Parents completed
the Behavioral Assessment System for Children, Parent Rating Scale (BASC-3) Social Withdrawal subscale
as a measure of social adjustment and the Behavior Rating Inventory of Executive Functions (BRIEF-2) as
a measure of executive function for each of their children. Results: Parents reported that survivors had
significantly worse social adjustment compared to controls (b =6.34, p =.004), but not survivor siblings.
Among survivors, greater time off treatment (b =2.06, p =.058) and poorer executive functioning (b =0.42,
p =.006) were associated with worse social adjustment. Executive function did not mediate differences in
social withdrawal between survivors and controls or the relationship between time off treatment and social
withdrawal among survivors. Conclusions: Survivors of pediatric ALL presenting to follow-up programs
should be screened for difficulties with social adjustment. Future research should examine treatment- and
non-treatment-related factors contributing to poorer social outcomes.
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Pediatric ALL is a major medical success story. Advances in treatment for ALL have resulted in one of the
most impressive increases in cancer survival over the last 35 years, from 60% in 1975 to approximately 80-
90% today in North America.! The number of survivors is growing rapidly. Given the dramatically improved
survival rates, efforts were made in the early 1990’s to reduce the toxicity of treatment to the central nervous
system (CNS) in ALL. Modern treatments for pediatric ALL rely less on cranial radiation therapy (CRT) for
CNS prophylaxis and instead focus on intermediate or high dose intravenous methotrexate and intrathecal
chemotherapies, intended to maximize CNS drug exposure while reducing systemic drug toxicity.2ALL is one
of few pediatric cancers to receive both intravenous methotrexate and intrathecal chemotherapy. Despite
efforts to reduce CNS toxicity, negative effects of these therapies on the developing brain persist.3-?

Survivors of pediatric ALL experience difficulties with social adjustment.®® Social adjustment is defined as
the extent to which children attain socially desirable and developmentally appropriate goals.” The social



adjustment difficulties that have been reported in the literature for survivors of pediatric ALL include being
more withdrawn, socially isolated, lonely, and bullied compared to their siblings and classmates.?'%Survivors
of ALL have been found to engage in less than half the number of social activities than their peers.®1%-12 As
adults, survivors of ALL are much less likely to marry or live independently compared to their siblings.5:13-16
Tied to these enduring social difficulties, adult survivors of pediatric ALL are 1.7 times more likely to report
mental health problems compared to their siblings, placing a significant burden on our health, economic,
and social welfare systems.'® The majority of studies describing these specific social outcomes, however,
involved patients treated with older protocols from the late 1970s through the mid-1980s that included
CRT. Moreover, many of these studies reported the outcomes of long-term survivors of ALL. We do not yet
know what effect modern therapies, which include higher doses of intravenous methotrexate and intrathecal
chemotherapies, have on social adjustment, particularly in the early survivorship period (e.g., 2-7 years post
treatment).

CNS-directed chemotherapies impair cognitive-executive processes.'”2! Despite the effort to reduce toxicity
to the developing brain by eliminating CRT, treatment with methotrexate and intrathecal chemotherapy
alone has been linked to the presence of cognitive deficits in 40-60% of survivors of ALL.>'%-21 Cognitive
deficits experienced by survivors include difficulties with tasks related to processing speed, attention, working
memory, and executive function. Consistent with the Social Competence Model developed by Yeates and
colleagues,”? these same cognitive processes may play a role in social adjustment. The ‘Social Competence
Model’ is a theoretical framework examining correlates of social adjustment in children with acquired brain
injuries.? This model takes a multilevel approach to understanding social competence, distinguishing among
three key levels: 1) social adjustment; 2) social interaction; and 3) social information processing, comprised
of social-cognitive and cognitive-executive function and assumes significant associations among these levels.
Indeed, attention has been found to be uniquely associated with social adjustment in survivors of pediatric
ALL relative to other known demographic- and treatment-related risk factors.?2 The social competence
model has been validated in research examining social outcomes among a variety of pediatric brain disorders,
including traumatic brain injury (TBI),?324 stroke,?>epilepsy,?® and survivors of pediatric brain tumor.2”
The contribution of cognitive-executive processes to social adjustment in survivors of ALL requires further
investigation.

Thus, the specific aims of this study were to evaluate: 1) potential group differences in social adjustment
across three groups of children (survivors of ALL, survivor siblings, age- and sex-matched controls); 2)
disease-related factors (age at diagnosis, time off treatment) and executive functioning as predictors of social
adjustment in survivors; 3) whether executive functioning mediates the differences in social adjustment across
groups that were identified in the first aim (i.e., executive functioning as a mediator of the relationship
between group and social adjustment); and 4) whether executive functioning mediates the relationship
between the disease-related predictors (that were identified in the second aim) and social adjustment in
survivors (i.e., executive functioning as a mediator of the relationship between disease-related predictors and
social adjustment). We hypothesized that survivors of ALL would demonstrate significantly more social
adjustment difficulties compared to their siblings and controls and that disease-related predictors of social
adjustment would include diagnostic risk status with survivors diagnosed with high-risk disease being more
likely to report social adjustment difficulties. Finally, we hypothesized that executive functioning would
explain the differences in social adjustment across groups and disease-related predictors.

Methods

The methods described in this study are part of a larger study.?® For the purposes of this manuscript, we
only included measures and procedures relevant to the current study.

ParticipantsEthics approval for this study was obtained through the local institutional review board
(HREBA.CC-16-0268). Survivors of pediatric ALL, one sibling (if available, between 8-18 years of age),
and one parent from each family were recruited through the Long-Term Survivor Clinic at the Alberta Chil-
dren’s Hospital. Eligible families were approached during regular clinic visits by a member of the research
team to introduce the study and evaluate their interest in participating. Eligibility criteria for survivors



included: 1) diagnosed with pediatric ALL and received treatment; 2) 8-18 years of age at the time of the
study; 3) were between 2-7 years post-treatment. Exclusion criteria included: 1) diagnosed with a develop-
mental disorder; 2) unable to speak and read English; or 3) treated with CRT. If a survivor did not have
an eligible sibling, they were not excluded from participation. Healthy controls, one sibling (if available),
and one parent from each family were recruited through the community via online and community adver-
tisements, public and private school mailing lists, and local community hubs and events. The only inclusion
criteria for healthy controls and their siblings was that participants were 8-18 years of age at the time of the
study. Exclusion criteria included: 1) diagnosed with a chronic illness; 2) diagnosed with a developmental
disorder; 3) unable to speak and read English. Healthy controls were sex and age matched to a participant
from the survivor group post-hoc.

ProcedureEligible survivors and their parent(s) were approached by a member of the study team at their
regular long-term follow-up appointments. Interested families provided written consent and assent. Parents
were emailed unique URL links to complete the questionnaire package online via Qualtrics and were asked
to complete the package within 7 days. Relevant clinical information was collected from the medical records
of all survivors enrolled in the study. Interested potential control participants contacted the study team
through the email or telephone number provided on recruitment materials and were screened for eligibility.
All eligible control participants completed a one-time visit at the University of Calgary. During this visit,
written consent and assent was obtained, and parents completed the questionnaire package on a computer.
All participants were renumerated $15 after completing questionnaires.

Measures

Social Adjustment. Social adjustment was measured using the Withdrawal subscale of the Behavioral
Assessment System for Children, Third Edition, Parent Rating Scales (BASC-3).?° The BASC-3 is a stan-
dardized parent-report measure of behavioral and emotional functioning in children and adolescents. The
Withdrawal subscale is comprised of 10 items scored on a 5-point scale (1=never, 5=almost always) which
are summed to provide a total subscale score. Higher scores reflect higher social withdrawal. The BASC-3
has evidence of validity for use with pediatric cancer survivors and is a reliable measure to detect differ-
ences between survivors and healthy controls.3**BASC-3 scores are standardised for age. During statistical
analyses, we used the standard t-scores of participants for analyses which have a mean of 50 and a standard
deviation of 10. In addition, we considered the frequency of participants who scored above the clinical cut-off
(>60) on the BASC-3 Social Withdrawal scale as a measure of those experiencing clinically significant social
difficulties.?? Alpha was .87 for the child scale (participants age 8-11) and .84 for the adolescent scale (par-
ticipants age 12-18) in the current sample.Executive Functioning. Executive functioning was measured
using the total score of the Behavior Rating Inventory of Executive Functions, Second Edition (BRIEF-2)
Parent Form.?'The BRIEF-2 is a 59-item parent-report measure of executive function. Items are scored on a
5-point scale (1=never, 5=almost always) which are summed to provide a total score. Higher scores indicate
greater deficits in executive function. BRIEF-2 scores are standardised for age. During statistical analyses,
we used the standard t- scores of participants for analyses which have a mean of 50 and a standard deviation
of 10. Alpha was .97 in the current sample.Demographic information. Participating parents completed a
demographic questionnaire which collected the following information: child(s) sex, age, and ethnicity, annual
household income, and highest level of parental and maternal education. Clinical information was collected
for all survivors of ALL from their medical records including: age at diagnosis, time since diagnosis, time off
treatment, and diagnostic risk level (low, standard, intermediate).Statistical AnalysesThe sample for this
analysis (N =96) was comprised of 38 survivors, 20 survivor siblings, and 38 age- and sex-matched controls.
Data were analyzed using SPSS 26 using a familywise alpha rate of .05. Descriptive statistics were calculated
for the full sample.

For aim 1, multilevel modeling was used to evaluate group differences (survivor, survivor sibling, control)
in BASC-3 Social Withdrawal. The repeated measures formulation within SPSS Mixed Models was used
to handle potential systematic variation (i.e., dependence) within survivor families.>?> This dependence was
considered ‘nuisance’ variability to be disentangled from the fixed parameters (i.e., mean BASC-3 differences



between groups), which were of substantive interest. This method models nonindependence at the level of
the family as a covariance by allowing for error terms from each child within the same family to be correlated.
For aim 2, a main effects regression model was tested with age at diagnosis, time off treatment, and BRIEF-2
score as predictors of BASC-3 Social Withdrawal in survivors only. For aim 3, a mediation model was tested
with the significant group pairwise comparisons from aim 1 as the antecedent variable, BRIEF-2 score as the
mediator, and BASC-3 Social Withdrawal as the outcome. See Fig. 1 for a description of the tested model.
For aim 4 a mediation model was tested with the significant disease-related predictor(s) from aim 2 as the
antecedent variable(s), BRIEF-2 score as the mediator, and BASC-3 Social Withdrawal as the outcome in
survivors only. The PROCESS macro3? for SPSS was used to test the mediation models; the statistical
significance of the indirect effect was tested using 5,000 bootstrapped samples.

Results

Sample characteristics are summarized Table 1. BRIEF-2 scores suggested that children in each group
generally had adequate executive functioning. BASC-3 Social Withdrawal scores also suggested that children
in each group generally had adequate social adjustment. Approximately one quarter of survivors and survivor
siblings and ten percent of controls were considered at risk for poor social adjustment. Among survivors,
approximately 7.5 years had passed since their diagnosis, with the average age of diagnosis being around age
4. Most survivors had been off treatment for almost 5 years, and the majority had a standard diagnostic
risk level.

Aim 1: Does social adjustment differ across group?

There was a significant fixed effect for group, F(2, 78.93)=4.59p =.013). Evaluation of the between-group
differences suggested that survivors and their siblings did not significantly differ on BASC-Social Withdrawal
scores, b =2.24 (SE =2.39),t (48.89)=0.94, p =.353. Survivors did have significantly higher BASC-3 Social
Withdrawal scores compared to controls,b =6.34 (SE =2.12), ¢ (76)=3.00, p =.004. Although differences
between siblings and controls did not meet the threshold for statistical significance, b =4.10 (SE =2.39),¢
(48.89)=1.72, p =.092, the trend suggested slightly higher scores for siblings. Together, these results suggest
that survivors had poorer social adjustment compared to age- and sex-matched controls.

Aim 2: What are the disease-related predictors of social adjustment for survivors of ALL?

The overall model suggested that a significant amount of overall variance in BASC-3 Social Withdrawal
scores was explained by age at diagnosis, time off treatment, and BRIEF-2 score: F' (3, 33)=3.54,p =.025,
R 2=.24. Age at diagnosis was not associated with BASC-3 Social Withdrawal scores (b =0.20,p =.801).
Time off treatment approached significance with a medium-sized effect (b =2.06, p =.058, $=.30), and
BRIEF-2 scores were statistically significant with a medium-to-large effect (b =0.42, p =.006, 3=.45). In
sum, these findings suggest, among survivors, greater time off treatment and higher BRIEF-2 scores (i.e.,
poorer executive functioning) were associated with higher BASC-3 Social Withdrawal scores (i.e., poorer
social adjustment).

Aim 3: Does executive functioning explain differences in social adjustment across survivors of
ALL and controls?

The significant pairwise differences for BASC-3 Social Withdrawal (survivors vs. controls) gleaned in the first
aim were retained for the third aim.11Because the groups being compared (survivor vs. control) were from
separate families, the multilevel approach was not needed and a traditional ordinary least squares approach
was used. The theoretical model is depicted in Fig. 1. The direct path representing mean differences in
BASC-3 Social Withdrawal scores in survivors vs. controls (path c) was statistically significantb =-6.09, p
=.006. The path representing mean differences in BRIEF-2 scores in survivors vs. controls (path a) was not
significant,b =-2.50, p =.299. The path representing the relationship between BRIEF-2 scores and BASC-3
Social Withdrawal scores (path b) was significant, b =0.29, p =.005. The path representing mean differences
in BASC-3 Social Withdrawal scores in survivors vs. controls when BRIEF-2 scores were included in the
model (path ¢’) was significantd =-5.36, p =.012. The indirect effect of the survivor vs. control group



differences in BASC-3 Social Withdrawal scores as mediated by BRIEF-2 scores was not significant, b =-
0.73, 95% CI (-2.60, 0.57). This suggests that executive functioning does not explain differences in social
adjustment between survivors and controls, but rather that the relationship appears to be direct.

Aim 4: Does executive functioning explain the link between disease-related variables and social
adjustment in survivors of ALL?

The path representing the relationship between the antecedent of time off treatment and the mediator of
BRIEF-2 score (path a) was not significant, b =-1.25, p =.305. The path representing the relationship
between the mediator of BRIEF-2 score and the outcome of BASC-3 Social Withdrawal score (path b) was
significant, b =0.42,p =.006. The direct path representing between the antecedent of time off treatment
and the outcome of BASC-3 Social Withdrawal score (path ¢) was not significant, b =1.51, p =.186. The
path representing the relationship between the antecedent of time off treatment and the outcome of BASC-3
Social Withdrawal when BRIEF-2 scores were included in the model (path ¢’) approached significance,b
=2.03, p=.056. However, the indirect effect of time off treatment on BASC-3 Social Withdrawal through
BRIEF-2 was not significant b =-.53, 95% CI [-1.60, 0.41]. This suggests that executive functioning does
not explain the relationship between time off treatment and social adjustment, but rather the relationship
between each predictor and social adjustment appear to be direct.

Discussion

The aims of the current study were to evaluate group differences in social adjustment across three groups of
children (survivors of ALL, survivor siblings, controls, control siblings), to examine disease-related predictors
of social adjustment in survivors, and to explore executive functioning as a potential mediator of these
relationships. Results suggested that survivors of ALL had greater social withdrawal (i.e., poorer social
adjustment) compared to controls and the siblings of those controls. This finding was consistent with our
hypothesis and with previous literature that has identified social adjustment difficulties among survivors
of pediatric ALL.%® Importantly, when we examined the frequency of those reporting social difficulties
within the clinical range (i.e., >60) 26% of survivors did report social withdrawal within the clinical range
compared to only 10% of controls. Thus, the social adjustment of survivors of ALL warrants greater clinical
and research attention.

Importantly, our hypothesis that executive functioning would be associated with social adjustment among
survivors as proposed by the Social Competence Model,” was supported by our second aim. The current
study provides preliminary evidence for the application of the Social Competence Model to survivors of
pediatric ALL. What is unique about the current study from previous literature, however, is that none of
our current sample of survivors of ALL had received radiotherapy. This finding suggests, therefore, that
despite a move towards less toxic therapy for survivors of ALL, social adjustment difficulties remain.

The story does appear to be slightly more complex, however, among survivors of ALL. Although executive
function emerged as a significant predictor of social adjustment among survivors of ALL, executive function
did not explain differences in social withdrawal between survivors, siblings and controls. This has important
implications for the Social Competence Model as well as for our understanding of social adjustment difficulties
in survivors of ALL. First, our findings strengthen the applicability of the Social Competence Model by
confirming the relationship of executive function to social adjustment, irrespective of acquired brain injury.
In other words, this relationship holds among clinical and healthy populations. In order to understand
the difference in social adjustment scores between survivors and healthy controls, therefore, consideration of
treatment-related variables may be key. For example, it might be important to consider chemotherapy dosage.
In addition, little research has explored the indirect effects of a diagnosis of ALL and the consequences of the
several years of treatment required to cure ALL and the implications this might have on social development.

The literature exploring non-treatment factors associated with social adjustment in survivors of pediatric
ALL is more variable. Some evidence suggests that demographic variables such as ethnicity, marital status,
parent education, and household income may play a role in social adjustment outcomes.?*37 The literature
examining sex and social adjustment outcomes in survivors of ALL has revealed inconsistent findings.2?:37-38



Individual and family factors, such as survivor and parent mental health (e.g., mood, anxiety, posttraumatic
growth),3%40 and parenting stress,3¢ have been associated with social adjustment in this population and
require further investigation. Importantly, given our current findings, it would be critical to also explore how
such family factors may be related to sibling social adjustment. Knowledge about both treatment and non-
treatment factors associated with social adjustment are important to inform risk-based screening guidelines
and targets for intervention.

One of the most surprising findings from the study was that survivors did not differ in their social adjustment
compared to their siblings. This finding was not consistent with our hypotheses. Certainly, the siblings of
pediatric cancer patients are not immune to the experience of cancer within the family and have been
shown to exhibit increased levels of emotional distress and behavioral problems.*'#? In addition, previous
research among a heterogenous sample of pediatric cancer survivors found no differences between survivors
and siblings with respect to social adjustment.*? It is important to keep in mind, however, our population
of survivors in the acute survivorship phase (2-7 years post treatment). Knowing the extensive literature
documenting the delayed onset of cognitive deficits, so too might we expect to see the social adjustment of
survivors worsen the further off treatment they might be.

This study was not without limitations. To begin, we had small samples to test for these effects, specifically
for the survivor sibling group. This study is limited by its cross-sectional design which precludes any
conclusions to be made about causal factors of social adjustment difficulties. Mediation models typically
imply a sequence of events occurring over time; in the current study we were not able to capture potential
‘true’ mediation given this design limitation. Longitudinal research is needed to explore the trajectory of
social adjustment difficulties for survivors of pediatric ALL and to being to explore mechanisms that may
explain this relationship. In addition, although the control groups were a relative strength of the study, we did
not compare survivors of ALL to survivors of cancer who do not receive toxic therapies directed at the CNS.
Survivors of childhood cancer who did not receive toxic therapies directed at the CNS would have provided a
more conservative control group as they have both experienced a traumatic cancer diagnosis and been treated
with chemotherapies that lead to socially limiting side effects (e.g., hair loss and compromised immunity
limiting their ability to be in public places or school environments). However, without having received
therapies believed to be centrally neurotoxic, the effects of CNS-directed treatment on social adjustment
could have been more clearly differentiated in survivors of ALL. In addition, while we were able to examine
outcomes of survivors based on disease risk status, we did not have specific dosage information for therapies
known to be neuro-toxic, including methotrexate and intrathecal chemotherapies. Finally, the study did not
explore non-treatment-related factors that might also contribute to social functioning in this population.
Future research should aim to explore the other factors that might be related to social function among this
population with a specific focus on both treatment- and non-treatment-related factors.

In conclusion, survivors of pediatric ALL are at risk of more social difficulties compared to non-cancer con-
trols. Predictors of social adjustment among survivors included executive functioning and time off treatment.
However, executive functioning did not explain any of the observed group differences in social adjustment.
This is an important finding among a sample of survivors 2-7 years from the completion of therapy who did
not receive CRT and highlights the potential persistent toxicity of therapy for pediatric ALL despite efforts
to reduce treatment-related toxicity. Based on the current findings, survivors of pediatric ALL presenting
to follow-up programs should be screened for difficulties with social adjustment. Future research should
aim to more comprehensively examine the potential multiple factors that may contribute to poorer social
adjustment outcomes in order to identify modifiable targets for interventions.
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Figure Legend FIGURE 1 Theoretical mediation model examining the role of executive function on social adjustment acros
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