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Psychosocial Standard of Care

Children with brain tumors and others at high risk for

neuropsychological deficits as a result of cancer treatment

should be monitored for neuropsychological deficits during and

after treatment.

BACKGROUND

Pediatric cancers affecting the central nervous system (CNS) are

a broad collection of diseases including brain tumors and others

where therapy can directly impact brain function. The American

Academy of Pediatrics (AAP) identifies nzeuropsychological

follow-up as a critical component to the care of children who

have CNS cancers and are cancer survivors.[1] That report, based

upon guidelines from the Children’s oncology group, identifies that

late effect risks are proportional to the intensity of therapy and that,

in general, longer treatment with higher cumulative doses of

radiation, higher doses of chemotherapy, and multimodal therapies

increase the risk of late effects. Neuropsychological late effects of

cancer and cancer therapymay not becomemanifest for a number of

years, requiring ongoing health surveillance.[2]

In this article, we propose two broad groups of children where

neuropsychological monitoring and assessment have sufficient

evidence to warrant guidelines: a) children diagnosed with brain

tumorswhoare currently in treatment orpost treatment; andb) children

with cancer who receive CNS-directed therapies that are in treatment

or post treatment. This latter body of literature is primarily reflective of

children with acute lymphoblastic leukemia (ALL). Throughout this

article, the terms monitoring and assessment are used as distinct

processes. Monitoring refers to a broad range of activities intended to

screen for potential neuropsychological changes, and that might be

conducted by a variety of disciplines, including physicians, nursing,

psychology, and other allied health professionals. Activities might

include interview of the patient or parent regarding school perfor-

mance, use of standardized self- or parent-report measures, or

administering of screening tools such as from the NIH toolbox, the

CogState battery or abbreviated neuropsychological screenings.[3–6]

Assessment is used to denote a more comprehensive procedure

involving several performance-based measures that would typically

require a licensed psychologist.

Children with brain tumors or other cancers receiving CNS-

directed therapies have both immediate and long-term sequelae that

impact brain development. The child’s age at the time of diagnosis as

well as the type and intensity of treatments (neurosurgical procedure,

radiotherapy, chemotherapy) are likely to adversely impact both

cortical and subcortical pathways of children’s brain function.[7–9]

Growing evidence indicates that core neuropsychological processes

involved in brain function that can be adversely impacted include the

following: general intelligence, attention, memory, language,

executive functions (e.g., inhibitory control, working memory,

cognitive flexibility), neurosensory functions, perceptual processing,

and processing speed. These neuropsychological functions appear to

directly impact functional outcomes such as academic achievement,

adaptive functioning, and psychological adaptation.

As part of a project to create evidence-based standards for

psychosocial care of children with cancer, we systematically

examined the body of literature regarding pediatric neuropsycho-

logical assessment for children with cancer and CNS-directed

therapies (e.g., ALL) to identify evidence in support of a standard of

care. Our secondary aim is to link studies of neuropsychological

assessment with studies that inform the timing of monitoring and

assessment as well as highlight interventions have been developed,

utilized, and evaluated with these populations (e.g., cognitive

rehabilitation and pharmacotherapy).

METHODS

This review was performed as part of the collaborative

Standards for Psychosocial Care of Children with Cancer and

Their Families effort. For a full description of the methods used to
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develop each standard, refer to Wiener et al.[10] A multifaceted

search strategy was implemented that included PubMed and

PsychInfo that was further refined through additional author-

specific searches. The search strategy included the years 1995 until

2015. Search terms included the following: pediatric brain tumor,

cancer, ALL, children, neuropsychology and cancer, neurocogni-

tion and childhood cancer, cognitive function and cancer, children

and cancer, and (intelligence, attention, memory, language,

executive functions, neurosensory, perceptual processing, process-

ing speed, neuropsychological, bone marrow transplantation)

cognitive remediation, cognitive intervention, rehabilitation, phar-

macotherapy and cognitive and cancer. Search results were

inspected for inclusion criteria, including the following: peer

reviewed journal, child age birth-18 years (including some follow-

up studies where childrenwere diagnosedwith cancer and then seen

as young adults), and meta-analyses. Resulting studies were

reviewed for inclusion criteria as well as bibliographic citations that

could further inform the search. Exclusion criteria included non-

English language publications, book chapters, and on-line

publications that were not indexed in PubMed and PsychInfo.

RESULTS

Studies of neuropsychological outcomes using individual

performance-based measures are widely documented in pediatric

cancer research. A Summary of Evidence Table is available as

Table I. Cross-sectional studies were commonly found in the search

process. These studies indicate the presence of deficiencies and

deficits in children’s neuropsychological function arising from

individual and combination treatments for brain tumors and CNS-

directed therapies. We have identified 19 studies that have

prospectively examined neuropsychological functioning in children

with brain tumors and CNS-directed therapies.[11–30] Several

general and systematic reviews (n¼ 24) and meta-analyses (n¼ 5)

provide evidence examining child neuropsychological function

following treatment for a brain tumor and other cancers with

CNS-directed therapies (i.e., ALL).[31–36]

Neuropsychological Outcomes

Key domains of neuropsychological assessment that were sup-

ported by the pediatric cancer literature included the following:

intelligence,[7,11,14,17,19,23,32,36–73] attention,[7,24,25,32,47,

48,58,62,64,71,74–82] memory,[7,13,18,19,25,36,43,44,58,64,66,

67,71,82–90] language,[36,40,66,86,91] executive functions (includ-

ing inhibitory control, cognitive flexibility, working memory),[9,17,

24,25,50,53,67,76,77,80,82,86–89,92–103] neurosensory function-

ing,[36,41,44,48,61,65,76,83,104] perceptual processing,[7,54,105]

and processing speed.[17,24,58,75,76,78,79,84,87,98,106–108]

Studies examining neuropsychological outcomes in survivors

of brain tumor have documented that longer times from diagnosis/

treatment are associated with greater deficits in global IQ,

academic functioning, and specific neuropsychological domains

including attention, memory, executive functions, and processing

speed.[36,67] There is established evidence for children with

brain tumors that child age at diagnosis and treatment impacts

observed outcomes, with younger age associated with increased

risk for impairment.[8,109,110] Child age and intensity of

treatment have also been predictive of neuropsychological

outcomes for children with ALL.[111–113] Evidence for the

impact of CNS-directed therapy for bone marrow transplantation

offers relatively weak evidence for interval neuropsychological

change,[15,16,26–30,114–120] although the evidence points to

younger children (particularly those <3 years) who receive total

body irradiation (TBI) as being the subgroup at highest risk.[30]

Longitudinal studies are more rare, but have also pointed to a

decline over time in global IQ and most neuropsychological indices

among patients with brain tumors. Linear modeling suggests

declines of 1.5–2 points per year in first 5 years post radiotherapy

treatment for brain tumors, without consistent evidence of nadir or

leveling off.[25,71,110,121–124]

Timing

There is insufficient evidence to guide the specific timing of

comprehensive neuropsychological assessment for children with

brain tumors and ALL. However, given the available evidence of

long-term sequelae, clinicians should be vigilant of possible

neuropsychological changes, and engage in frequent monitoring for

such changes. Monitoring should occur intermittently during the

acute treatment phase, and regularly at follow-up visits following

completion of treatment. Monitoring should ideally include a time-

efficient yet sensitive screening of neuropsychological function

TABLE I. Summary of Evidence Table—Neuropsychological Assessment

Standard Evidence summary1 Methodology2 Quality of evidence3 Strength of recommendation4

Children with brain tumors and

others at high risk for

neuropsychological deficits as a

result of cancer treatment should

be monitored for

neuropsychological deficits

during and after treatment

Empirical research for brain

tumors indicates significant

impairments associated with

tumor and treatment

Cross-sectional;

longitudinal

studies;

significant

replication of

findings

High Strong recommendation,

given the impact of disease

and treatment factors on

later neuropsychological

functioning

Evidence gaps: prospective

research still needed to

assess long-term

neuropsychological deficits

with other malignancies

Large scale

follow-up

studies; clinical

trials group

consensus

Quality of evidence

given consistent

findings from

numerous well-

designed studies

1Based on summary of evidence table for that standard; 2Types of studies: e.g., RCT, cross-sectional, longitudinal; consensus; systematic review

articles; 3Quality of evidence: high¼A, moderate¼B, low and very low¼C (based on GRADE criteria); 4Strength of recommendation:

strong¼ 1, weak¼ 2 (based on GRADE quality criteria).

Pediatr Blood Cancer DOI 10.1002/pbc

Assessment of Neuropsychological Outcomes S461



with standardized measures. Questioning of the patient and/or

parent regarding any perceived changes, such as declining school

performance, memory loss, or difficulty with attention and

concentration is critical, especially if screening of neuropsycho-

logical function is not feasible. Referral for a comprehensive

neuropsychological assessment should be considered when there is

evidence of any such changes. The rate of decline documented in

the literature for children with brain tumors appears sufficient to

indicate that a comprehensive neuropsychological assessment 2–3

years from the time of diagnosis would identify functional deficits,

though this timing is not optimal for reintegration planning for

school aged children. Thus, consideration should be given to

obtaining an assessment upon completion of treatment, in order to

facilitate school entry/re-entry, and to obtain a baseline assessment

that provides a context for appreciation of any subsequent changes.

Completion of treatment will vary by disease and the specific

treatment protocol. This will require the attention of the care team to

identify when this point occurs for a child so that a referral can be

made in a timely manner. Follow-up assessment would then be

recommended at 2–3-year intervals, or in the events of suspected

cognitive changes, and statistically meaningful changes in a child’s

neuropsychological profile.

Interventions

A large multisite study of 161 total survivors, along with

several studies employing a small number of survivors of brain

tumor and/or ALL randomized to a cognitive remediation arm

showed positive benefits on parent-report measures and selected

objective tests compared to a control condition.[125] However,

the trial did not demonstrate improvement in the intended

outcome of attention functioning. Cognitive intervention

programs have thus far included computerized “game-like”

activities, various cognitive behavioral and learning strategies,

and prescriptive activities focused on a single academic area

such as mathematics.[125–136] A pilot parent training directed

at promoting effective learning strategies within the home has

shown improved child academic performance, the study’s

primary outcome, and therefore has promise for educational

outcomes.[137]

Pharmacotherapy approaches to improve attention dysfunction

have included psychostimulant medications (e.g., methylphenidate)

and acetylcholinesterase inhibitors (e.g., donepezil).[35,138] Studies

involving survivors of brain tumor and ALL demonstrate significant

improvement on parent report ratings.Higher baseline IQ,males, and

older age at treatment predicted better response to 0.60mg/kg dose of

methylphenidate in the cohort.[20,106,138–143]

Barriers to Care

There are significant clinical care barriers to implementation

of the proposed guideline, notably the availability of pediatric

neuropsychology specialists, the costs of comprehensive

neuropsychological assessment, and inconsistent reimburse-

ment for such services by third party payors. In addition, there is

a need to increase capacity within pediatric caner teams through

training in screening procedures for neuropsychological func-

tioning that could be employed. Table II provides a brief

overview of barriers that have been identified and potential

solutions.

DISCUSSION

Assessment of child neuropsychological functioning is

supported by empirical findings demonstrating impairments for

survivors. Both acute and long-term neuropsychological sequelae

are consistently observed among children with brain tumors. In

contrast, evidence suggests that neuropsychological impairments

for children with ALL are less evident during the period of active

treatment, yet long-term sequelae do emerge, albeit at a less

severe level compared to children who have brain tumors. Thus to

attempt to capture dynamic brain function changes that occur, the

currently available evidence supports regular monitoring of

neuropsychological functioning integrated with routine clinical

care during and particularly after treatment. Monitoring can serve

as a valuable tool for early identification and subsequent referral

for more comprehensive assessment procedures. In addition to

monitoring neuropsychological functioning, we suggest that

developmental delays and learning difficulties be included in

the monitoring procedures. Where our evidence lags is in

determining the specific timing for neuropsychological assess-

ment, and identifying which types of interventions should be

implemented. Moreover, a substantial gap exists regarding

evidence-based monitoring strategies with known sensitivity/

TABLE II. Barriers and Response to Barriers for Neuropsychological Assessment of Children With Brain Tumors and CNS-Directed

Therapies

Barrier Response to barrier

Multidisciplinary screening with expertise in assessment of

neuropsychological functioning and pediatric cancer late effects

1. Training of pediatric cancer team in screening procedures that can

identify children with risk factors or acute mental status changes

Pediatric neuropsychologist not available at the center 1. Programs can prioritize this service as an essential part of acute and

late effects care

2. Programs can create a systematic way that neuropsychological

monitoring and assessment will be provided in the clinical setting

3. Partnerships can be developedwith existing pediatric neuropsychologi-

cal providers from other clinical services (e.g., pediatric neurology)

Reimbursement for neuropsychological monitoring and assessment

services vary by state, with some states requiring a mental health

diagnosis for reimbursement

1. Children’s hospitals need to ensure support for improving billing

mechanism and efficiency for reimbursement for clinical services

2. Work with national professional and consumer groups to lobby for

mandated coverage for these indicated services
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specificity. Yet there is reason to consider that monitoring of

neuropsychological functioning could best be completed by a

psychologist with expertise in cancer effects and late effects of

treatment. The timing for monitoring is debatable, with little

evidence to guide this element of care. Nonetheless, we suggest

that monitoring begins several months after diagnosis, and using

clinical judgment, as necessary during treatment to the time when

a comprehensive neuropsychological evaluation is indicated.

A research gap in need of improvement is the development of

standardized methods and measures for screening/monitoring

neuropsychological functioning in children with cancer. While

processes and measures exist for developmental surveillance in

pediatrics,[144] no disease-specific childhood cancer tools exist at

present. However, measureswith validated sensitivity and specificity

employed in general pediatrics may be useful for children up to early

school age, though are not without some controversy.[145–147] For

the larger population of children and adolescents, there are no similar

measurement systems for neuropsychological function, though

screening and monitoring may be completed with broad based

behavioral measures.[96,148–150]

The interventions reviewed typically were provided within the

context of a research study, thus ensuring fidelity with the

intervention procedures, but with most lacking the practicality of

real world interventions. Thus, they are not currently routinely

available outside the context of research protocols.

Limitations within this review include no attempt to statistically

examine the impact of child age and other influential features (e.g.,

socioeconomic status) upon groups of children that contributed to

the studies presented. Moreover, studies are limited in the

information that is provided regarding the content of the

interventions that may have occurred for the participants.

In summary, the proposed standard, derived from the existing

body of research, serves to provide improvements in care for

children with cancer, as well as guide the future of pediatric

research in this area. There are barriers to overcome; yet with

providing a framework for assessment that is linked to intervention,

we can provide an impetus to improve the life of children with

cancers affecting the CNS.

CONCLUSION

Children with brain tumors and others at high risk for

neuropsychological deficits as a result of CNS-directed cancer

treatment should be monitored and assessed for neuropsychological

deficits during and after treatment. Domains for neuropsychological

monitoring include procedures for mental status changes as a result

of treatments received. Domains of neuropsychological assessment

via culturally appropriate assessments administered to the youth

with cancer need to include the following: intelligence, attention,

memory, language, executive function, neurosensory functioning,

perceptual processing, and processing speed. Academic achieve-

ment should be included as a functional outcome.

The timeline for neuropsychological assessment for children

with a pediatric brain tumor and child receiving CNS-directed

therapy begins with the multidisciplinary screening at the time of

diagnosis and at times of child acute mental status change. A

comprehensive assessment should ideally occur after treatment has

ended, followed by a re-assessment at 2–3 years after treatment or

when monitoring is suggestive of significant neuropsychological or

functional changes.
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