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Abstract

Background The posttreatment period is a key part of the management of pediatric cancer care. At this period, psychosocial
effects (scholarly and psychological difficulties) have been described in pediatric cancer patients and can be prognostic for
the success of social reintegration. Psychosocial effects and their impact may be related to the household’s socioeconomic
background. The aim of this study was to estimate psychosocial difficulties during the posttreatment period based on a social
deprivation score. Design This study is based on a prospective multicentric study database, and focused on the children who
had received psychosocial evaluation during their follow-up after cancer treatment since 01/01/2013. We retrieved data on
their learning and psychological difficulties. Socioeconomic status of the household was estimated by a social deprivation score.
Results 1003 patients were analyzed. Learning difficulties at school were noted in 22% of patients. A greater social deprivation
was significantly associated with learning difficulty (OR=1.09 per unit of the deprivation score). Tumor relapse, treatment
with hematopoietic stem cell transplantation, and diagnosis of a CNS tumor remained significant risk factors. In the subgroup
analysis of children with CNS tumors, learning difficulties were increased and associated with greater social deprivation. By
contrast, psychological difficulties were not associated with the deprivation score. Conclusion There is a link between SE status
and learning difficulties in survivors of childhood cancer. Further investigations should be carried out to confirm these results
for children with CNS tumors, which is the population of the greatest concern.
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Abstract

Background

The posttreatment period is a key part of the management of pediatric cancer care. At this period, psy-
chosocial effects (scholarly and psychological difficulties) have been described in pediatric cancer patients
and can be prognostic for the success of social reintegration. Psychosocial effects and their impact may be
related to the household’s socioeconomic background. The aim of this study was to estimate psychosocial
difficulties during the posttreatment period based on a social deprivation score.

Design

This study is based on a prospective multicentric study database, and focused on the children who had
received psychosocial evaluation during their follow-up after cancer treatment since 01/01/2013. We retrieved
data on their learning and psychological difficulties. Socioeconomic status of the household was estimated
by a social deprivation score.

Results

1003 patients were analyzed. Learning difficulties at school were noted in 22% of patients. A greater social
deprivation was significantly associated with learning difficulty (OR=1.09 per unit of the deprivation score).
Tumor relapse, treatment with hematopoietic stem cell transplantation, and diagnosis of a CNS tumor
remained significant risk factors. In the subgroup analysis of children with CNS tumors, learning difficulties
were increased and associated with greater social deprivation. By contrast, psychological difficulties were
not associated with the deprivation score.

Conclusion

There is a link between SE status and learning difficulties in survivors of childhood cancer. Further investi-
gations should be carried out to confirm these results for children with CNS tumors, which is the population
of the greatest concern.

Background

The international incidence of pediatric cancer is reported to be 140.6 cases per million children aged 0–14
years per year. In children aged 15–19 years, the incidence increases to 185.3 cases per million person-year(1).
In France, these rates are reported to be 156.6 and 231.9 cases per million person-years, respectively(2,3).
Over time, a significant improvement in long-term survival rates of pediatric cancers has been achieved, with
a current 5-year survival rate at 75% in Europe(4). Therefore, the post-treatment period is a key part of the
management, and the goal is to help the patient return to a normal life. Childhood cancer and its treatments
may induce sequalae. Among them, the psychosocial affections, i.e. difficulties on educational achievement,
psychological well-being, and the household’s economic status are well-known and can be prognosis for the
success of the patients’ postcancer reintegration(5–7). Learning and psychological consequences are mostly
described for children with central-nervous system (CNS) tumors, with cranial radiotherapy and with a
younger age at diagnosis(5,8–12). Late repercussions are described, with survivors being at greater risk
of unemployment and the later development mental disorders than their siblings(11,13). Some of these
consequences may be related to the household’s socioeconomic background. Socioeconomic status (SES) can
influence the probability of psychosocial difficulty in addition to the ability of the family to be able to deal
with its occurrence. For cancer survivors, some studies established associations among learning difficulties at
school, psychological well-being and household SES(14–17). However, these studies show links that are not
based on reproductible socioeconomic deprivation scores, and mainly focus on the evaluation of only one type
of social difficulties and when the social reintegration is effective(8,10,11,15,16,18–21). The aim of this study
was to estimate the psychosocial difficulties in childhood cancer survivors at the posttreatment period based
on a social deprivation score. We evaluated educational and psychological difficulties immediately after the
hospital care period, a time when interventions could be possible to avoid the long-term consequences and
improve social reintegration rates.
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Methods

Population

This French multicentric study focused on the children from the RECAPGO database (REcueil des CAncers
Pédiatriques du Grand Ouest ) who received psychosocial evaluation. This evaluation consisted of a ques-
tionnaire that reported the learning and psychological difficulties of children. All the children included in
the database were eligible to this evaluation. There was no difference noted between children who received
the evaluation and those who did not according to the SES (Table 1). This questionnaire was completed
by oncologist pediatricians during the years of close follow-up required after the end of the child’s hospi-
tal treatment. Each difficulty was reported independently (i.e., school and psychological). We defined the
psychosocial follow-up as completing at least one assessment for these two questionnaire items at least once
during the follow-up period.

The RECAPGO database results from a collaboration among seven French care centers, reported as the
French children’s oncology study Group GOCE (Grand Ouest pour les Cancers de l’Enfant ). This prospective
database has been open since 01/01/2013, and aims to include all patients aged under 25 years diagnosed
with a cancer, a hematological malignancy, an aplastic anemia, or a Langerhans cell histiocysis at the
participating centers. We included patients recorded at diagnosis with a single tumor experience. Patients
with no known address at diagnosis, those living outside of the GOCE departments, those with no estimated
social deprivation score, those aged over 18 years and those with missing tumor type data were excluded.
One center did not complete the psychosocial questionnaire and was excluded from the analysis (Figure 1).

Variables

We defined three types of variables (i) At each consultation during the follow-up, oncologist pediatricians
carried out a psychosocial evaluation. During this specific dedicated time, pediatricians, children and their
parents discuss the potential psychosocial difficulties. At the end of the discussion, a synthesis was reported
using as a binary form (yes/no) to indicate if learning or psychological difficulty was present or not. Whether
the patient received assistance for each difficulty was also reported. (ii) The clinical variables were composed
of the patients and their tumors characteristics. We merged the tumor types into five categories; i.e., blood
disorders, CNS tumors, solid tumors, bone tumors, and other tumors (iii) Two variables evaluated the SES
of the children and their household. First, the European Deprivation Index (EDI) score assessed the socioe-
conomic environment of each patient. This deprivation indicator is constructed by selecting fundamental
needs associated both with objective and subjective poverty(22). This score is determined by an ecological
measure using the IRIS-scale (Ilôts Regroupés pour l’Information Statistique ), which represents the smallest
French geographical area for which there is a statistical evaluation to estimate social deprivation. Based on
their addresses at diagnosis, each patient can be associated with an IRIS, and thus, their EDI score can be
established(22,23). For interpretation, the highest EDI score is associated with greater social deprivation.
Second, we used the travel time defined as the shortest time to travel by car from the patient’s address to the
reference care center to assess geographical disparities. A geographical information system (ArcGIS 10.5®—
Esri France) associated with a road map database (Navstreets®, provided by HERE and Esri France) was
used for this estimation. For the RECAPGO database, each patient’s EDI score and travel time to reference
care center were estimated from the address at diagnosis.

Statistical analysis

Baseline characteristics of the population were described as the mean (+/- standard deviation) for quanti-
tative variables and numbers (percentages) for qualitative variables. Quantitative and qualitative variables
were analyzed by t-tests and chi2 tests, respectively. Two types of analysis were carried out (i) A multivariate
analysis for factors associated with the probability of declaring a psychosocial difficulty at a consultation was
conducted, considering mixed effects for longitudinal data. We defined at the second level the children. We
defined at first level each consultation during which the psychosocial questionnaire was completed. Factors
associated with a p-value <0.10 in the univariate analysis were considered in the multivariate logistic model.
In this model, time was included as an independent variable. Additionally, subgroup analyses for children

4
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with blood disorders and CNS tumors were carried out (ii) We evaluated the probability of psychosocial
difficulty over time by using Kaplan-Meier failure function curves. We completed a parametric survival re-
gression model based on the same longitudinal data structure with two levels. The original date was the first
consultation when the psychosocial follow-up began. However, we did not have the same follow-up duration
and measurements’ time between patients according to their oncologic disease. Considering this, time to
consultation was considered as an independent factor to assess the potential influence of the delay when the
measurement is taking place.

All statistical analyses were performed with STATA software V14 and a p-value <0.05 was considered to
denote statistical significance.

We defined the primary endpoint as the probability of presenting at a consultation with a learning difficulty
at school. The secondary endpoint was to evaluate the probability of presenting a learning difficulty over
time. Other psychosocial difficulties were also analyzed for further explorations.

This study was based on a database supported by the Commission Nationale de l’Informatique et des Libertés
(CNIL) registered under the N° 912302.

Results

Overall, 1618 patients were included from six centers, of which 1003 (62%) received a psychosocial follow-
up. Learning and psychological were evaluated in 2971 and 3320 consultations, respectively. Academic and
psychological supports was evaluated in 2625 and 3320 consultations, respectively (Figure 1). The population
who received a psychosocial follow-up did not differ substantially from the entire population of the study
(Table 1). However, the children who received a psychosocial follow-up were less frequently treated with
radiotherapy. The rate of children followed differed significantly between the centers, from 30% to 80%. This
rate differed according to vital status and relapse.

Learning difficulties at school

Learning difficulties at school were self-reported by 224 children (22%) (Table 2). Greater social deprivation
was significantly associated with a learning difficulty at school; however, the increased geographic distance
evaluated by the total travel time was not. Additionally, tumor relapse, treatment with hematopoietic stem
cell transplantation (HSCT), and the diagnosis of a CNS tumor remained significant risk factors. A significant
interaction was found between the centers and the tumor type, notably for CNS tumors (p<0.001). Three-
hundred seventy-one children received a specific assistance with academic support, of which 74% reported
difficulties at school. Academic support was mainly provided for children with CNS tumors (p < 0.001).
Children with CNS tumors benefited from 52% of the academic supports retrieved for the entire population.
Although learning difficulties were significantly associated with greater social deprivation, the probability
of benefitting from a support was not. However, there was an important correlation between the learning
disabilities and academic support (R2 = 0.79).

Over time, two factors were significantly associated with the probability of having a learning difficulty at
school. First, CNS tumors were a significant risk factor in comparison with other types of tumors, with a
hazard ratio of 4.48 (CI: 2.79 – 7.21) (Figure 2A). Second, the tumor relapse was a significant risk factor,
with a hazard ratio of 1.80 (CI: 1.05 – 3.09) (Figure 2B).

Ninety-two children with a CNS tumor reported a learning disability at school (46%). The risk factors that
were significantly associated were greater social deprivation, tumor relapse, treatment by chemotherapy, and
an increased delay in the consultation. In contrast, the surgical management was protective (Table 3). Neither
the type of tumor nor its localization had a significant impact on the risk of having a learning difficulty. The
probability of benefiting from academic support was not influenced by the EDI score in this population. In
children who declared learning disabilities, 19% of them did not receive support. Over time, only treatment
by chemotherapy remained a risk factor for learning difficulty at school, with a hazard ratio of 2.54 (CI: 1.52
– 4.23).
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Seventy-eight children with blood disorders reported a learning difficulty at school (17%). The risk factors
were tumor relapse and management by HSCT (Supplemental appendix 1). An increased delay in the con-
sultation and female sex were protective factors. Female sex remained the only significant and protective
factor against developing a learning disability over time (HR = 0.37, CI: 0.19 – 0.73). However, a trend was
observed with tumor relapse status (p=0.09).

Psychological difficulties

Greater social deprivation was not significantly associated with the report of psychological difficulties at
consultation. However, significant differences were noted between care centers. Psychological difficulties were
reported in 196 children (19.5%) (Supplemental appendix 2). At consultation, associated risk factors were
tumor relapse and the diagnosis of bone tumors. Psychological support was reported for 70% of the patients.
Over time, the diagnosis of a bone tumor was a risk factor for psychological difficulty (HR = 2.04, CI: 1.05
– 3.96), whereas a solid tumor was a protective factor (HR = 0.53, CI: 0.30 – 0.93). Nethertheless, a trend
could be noted for the increased EDI-score (p = 0.064).

Discussion

The results of this multicentric study show that greater social deprivation and therefore poverty, is associated
with learning difficulties in survivors after cancer treatment.

Learning difficulties were reported in 22% of the children in our study, but higher rates have been noted
in the literature(21,24). Survivors are at greater risk for presenting learning difficulties with scholarly con-
sequences(10,15,21,24), ultimately leading to a lower overall quality of life(25). School absenteeism induced
by cancer care is the most commonly reported productivity loss(8,26). Even if we did not evaluate the rate
of absenteeism in our cohort, we found that tumor relapse was a risk factor. The tumor relapse frequently
requires extended hospital stays and therefore, induces school absenteeism.

In our study, the probability of declaring a learning difficulty at school was associated with greater so-
cial deprivation. Irrespective of the disease, there is a strong relationship between SES and scholarly
achievement(27–29). This supports our results and those reported in the literature, even though different me-
thods were used to estimate the SES across studies(14,15,25). Parental involvement should also be considered
as a factor influencing academic achievement(30). Children with CNS tumors are the population of greatest
concern. CNS tumors and CNS directed therapies (i.e., cranial radiotherapy and intrathecal chemotherapy)
increase the risk of adverse psychosocial consequences(7,24,31). Academic and neurocognitive difficulties are
described, as well as higher rates of school absenteeism(8,9,21). We did not confirm the inherent risk of ra-
diotherapy in our CNS subgroup analysis, probably due to the lack of children receiving irradiation followed
in our study. In this CNS subgroup, social deprivation remained a prognostic factor for learning difficulties,
an observation also shown by Ach et al.(32).

HSCT was a risk factor for learning disabilities, in agreement with previous reports that a high number of
children receiving HSCT present with academic difficulties and do not graduate high school(33).

Learning difficulties may be induced by a lack integration into the school environment, as adequate sociali-
zation is a contributing factor to academic success(29). Our data collection precludes this analysis; however,
Duan et al. demonstrated that greater social deprivation negatively influences the relationship between aca-
demic socialization and academic achievement(29). Survivors suffer from poor social integration, potentiated
by absenteeism(21,24,26,34). These difficulties are described more frequently in patients with CNS tumors.

Due to the high risk for learning disabilities in survivors, school-organized educational support remains
necessary. Thirty-six percent of children received a such support in our study, a rate slightly higher than
that reported in the literature, which ranged from 20% to 32.5%(24,31,35). Although greater deprivation was
associated with learning disabilities, it was not associated with the probability of benefiting from academic
support. Academic support seems to be equally shared between children according to the EDI score, whereas
we showed a higher need in deprived areas.
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Our analysis of psychological difficulties did not reveal an association with social deprivation. However,
SES may participate in causal mechanisms for psychological problems (16,19). One study revealed that
neighborhood SES affected the probability of benefiting from psychological support(36). Children with CNS
tumors are at greater risk for psychological effects, whereas our results indicated that children with bone
tumors were at risk(11,19). The psychological effects of bone cancer can be explained by physical damage
secondary to the surgery, inducing vulnerability related to physical performance limitations, disruption to
routine activities, and diminished ability to attend work or school(37,38).

This study is based on a prospective cohort and allowed us to evaluate the overall psychosocial status of
survivors after hospital treatment and the evolution of psychosocial effects over time. However, this study
presents some limitations.

Our population was based on a database which aims to represent all the children treated for cancer in the
GOCE departments. However, one center was excluded from the study because it did not participate to
patients’ psychosocial evaluation. This excluded 6% of the children of the cohort and therefore, we cannot
exclude a selection bias (Figure 1).

Evaluation biases were present as a result of the variables’ measurement. Each outcome was evaluated during
a consultation with the oncologist pediatrician at a time when the clinical evaluation remained the main
objective to ensure remission persistence. The outcomes were self-reported by the parents and children, and
the subjective aspect of self-reports cannot be ruled out. In addition, the data was only collected at the
posttreatment period and no baseline at diagnosis was available. This precludes any analysis to evaluate
the evolution of psychosocial difficulties before and after the cancer management. This limits us to an
observation of post-treatment difficulties without taking account of some potential predisposed conditions.
Indeed, in children with CNS tumors, preexisting predisposition syndromes (e.g., type one fibromatosis) can
induce learning and psychological effects, as well as the tumor symptoms themselves (39–41). However, the
evaluation of psychosocial status at diagnosis may be difficult. This time is a period when clinical management
remains the absolute priority. This can explain the choice of investigators to defer the psychosocial evaluation
to after treatment.

The measurement of social deprivation using the EDI score assesses the SES of the environment of each
patient and can induce an ecological bias. This measurement considers homogeneity between children living
in the same IRIS and could induce misclassification and underestimate the effect of SES. Data on individual
deprivation could be a complementary method to precise the SES of children, but were not available in the
database.

Our statistical analysis is another limitation. Each child had a different follow-up duration, which limited
our utilization of the Cox model. These different follow-up times resulted in missing data organized in a
monotone structure, resulting from dropout, and limited the use of multiple imputations to consider the
missing data. Additionally, multiple imputation is not recommended for longitudinal data analysis because
of the lack of obvious benefit in this context(42).

Conclusion

This study establishes some basis and suggests further investigations. Children with CNS tumors are the
population most at risk for psychosocial difficulties and social deprivation seems to be significantly associated
with these effects (7,8,11,19,21,24,31,35). A focus on this group could be interesting to detail the content
of the difficulties of these patients, and confirm the impact of the SES and complete this evaluation with
individual socioeconomic indicators. This may help to confirm and precise some of the problems noted by
various patients. Therefore, we could offer solutions to reduce these inequalities.
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Patients included 

N = 1618 patients  

Psychosocial follow-up 

N = 1003 patients 

Absence of psychosocial follow-up 

N = 615 patients 

Recorded not at diagnosis N = 14 

Multiple tumor experience N = 6 

Missing address at diagnosis N = 36 

Missing tumor at diagnosis N = 2 

Living outside of the GOCE department N = 10 

EDI not estimated N = 35 

Age upper than 18 years N = 20 

One center excluded (missing follow-up) N = 102  

RECAPGO database 

N = 1843 patients 

Eligible population  

N = 1823 patients 

2971 school items completed 

3320 psychological items completed 

3321 social items completed 
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