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Cognitive late effects are among the most common life-
altering sequelae of childhood cancer, with reported
prevalence ranging from 35% to 60% depending on
specific diagnostic and treatment groups.*? For the
proportion of survivors that experience cognitive late
effects, the functional impact of these difficulties in-
creases over time and predisposes survivors to diffi-
culties with educational achievement, vocational
status, and independent living.>* Prospective, longi-
tudinal research studies evaluating neurocognitive
outcomes in survivors of childhood acute lympho-
blastic leukemia (ALL) and childhood medulloblas-
toma show that treatment-related neurocognitive
deficits present during treatment and negatively affect
outcomes such as academic achievement, educa-
tional attainment, and quality of life throughout
survivorship.51°

The Psychosocial Standards of Care Project for
Childhood Cancer guidelines emphasize the impor-
tance of systematic and interdisciplinary assessment
of neurocognitive and psychosocial healthcare needs
that begins during treatment.!**? Specific to neuro-
cognitive monitoring, the Psychosocial Standards of
Care Project for Childhood Cancer guidelines describe
a risk-stratified approach beginning during treat-
ment.’®> Neurocognitive assessment is also recom-
mended by long-term follow-up (ie, at least 2 years
after completion of therapy) guidelines for survivors
treated with CNS-directed therapies (eg, cranial irra-
diation and intrathecal chemotherapy).*4-1¢

Despite the clinical relevance of longitudinal follow-up,
establishing such a program can be challenging.
Traditional neuropsychology services are most ap-
propriate for referral questions that involve diagnostic
conceptualization and individualized recommenda-
tions to remediate existing deficits. These time- and
resource-intensive models are impractical to imple-
ment at the population level, and not all survivors need
this level of care. Strategies for screening in pediatric
oncology should be feasible to implement across
settings and carefully designed to ensure that service
quality is maintained. We provide a pragmatic,
evidence-based framework for neurocognitive moni-
toring that begins during therapy and continues into
survivorship. We present a systematic approach with
the potential for application across diverse clinical
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settings that considers varying availability of re-
sources as well as cultural differences. This ap-
proach incorporates elements of preventative screening
models from the broader pediatric population placed
in the context of findings from pediatric oncology
populations.

PREVENTION-BASED MODELS FROM
PEDIATRIC POPULATIONS

Prevention-based models from general pediatric or
educational settings typically include multiple levels of
support, which increase in intensity based on the
needs of the individual child.'”*®

Hardy et al'® proposed a prevention-based, tiered,
three-level approach to neuropsychological assess-
ment. The prevention-based model proposed by
Hardy et al'® is a notable advancement in the field and
provides a basis for a tiered neuropsychological as-
sessment. We build on this model by (1) specifying
direction for implementation in pediatric oncology, (2)
addressing application of monitoring across contexts
(eg, countries that do not have access to computerized
measures), and (3) offering a common language to
improve intradisciplinary and interdisciplinary
communication.

NEUROCOGNITIVE MONITORING FOR PEDIATRIC
ONCOLOGY: PROPOSED MODEL

Our proposed three-level model for neurocognitive
monitoring that starts during cancer-directed therapy
is depicted in Figure 1. The primary level is intended
for all pediatric oncology patients within a clinical
service, irrespective of cognitive complaints or risk
factors. The secondary level is for patients with sub-
jective cognitive complaints, those who present with
risk factors for neurocognitive difficulty, and/or those
who performed poorly at the first level. The tertiary level
is for patients with preexisting neurocognitive deficits
or vulnerabilities and those for whom a comprehensive
assessment is warranted based on the referral ques-
tion (ie, differential diagnosis, individualized treatment,
or educational planning), and/or those who performed
poorly on earlier levels.

Figure 2 illustrates the decision-making process using
the model. Starting during treatment, a provider asks
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CONTEXT
Key Objective

We present a tiered model of neuropsychological care for childhood cancer survivors.

Knowledge Generated

The Psychosocial Standards of Care Project for Childhood Cancer guidelines highlight the need for systematic and in-
terdisciplinary neurocognitive assessment that begins during treatment. This approach emphasizes feasibility in settings
with varying resources and among culturally diverse patients and families, while maintaining a high level of service

quality.
Relevance

Neurocognitive late effects are common and life-altering sequelae of childhood cancer, which have potential adverse effects
on educational and vocational attainment, and social integration. Regular monitoring of neurocognitive functioning can
facilitate early detection of problems and early intervention to improve quality of life. The developmental perspective of
this model is crucial because neurotoxic agents and/or treatment complications can have an adverse and longstanding

impact on developing neural systems.

the first question of “does the patient have known risk
factors or cognitive complaints?” and moves to the next part
based on their answer. For example, if a patient has no
known risk factors or cognitive complaints, they complete a
primary level assessment. If impairments are identified
from the primary-level assessment, a higher-level assess-
ment can be performed to obtain more detailed informa-
tion. The patient can be reassessed at the secondary level

at a predefined period (eg, 1 or 2 years or transition), and if
they do not have further impairments, their next assess-
ment can remain at the primary level. The dashed arrows
indicate reassessments that occur over time. Decision
making is informed by the presence or severity of risk
factors and clinical judgment. For example, patients with
significant preexisting attention, cognitive, or learning
vulnerabilities may require a more comprehensive

Assessment

Intervention

Universal monitoring (for T Psychoeducation
all patients) L (for all patients)
(lor 1)
Targeted screening Secondary Targeted supports
(for at-risk patients or if poor Level (based on strengths and
performance at primary level) (lor 1) weaknesses)
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Comprehensive evaluation
(for patients with known deficits or if poor
performance at previous levels)

Tertiary
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(1 or 1)
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weaknesses)

FIG 1. A model for neurocognitive monitoring in pediatric oncology. The primary level is intended for all pediatric oncology patients within a
clinical service. The secondary level is for patients with subjective cognitive complaints, those who performed poorly at the first level, and those
with significant disease- or treatment-related risk factors. The tertiary level is for patients with preexisting neurocognitive deficits or vulner-
abilities, and those for whom a more comprehensive assessment is warranted based on the referral question (ie, differential diagnosis, in-
dividualized treatment or educational planning), or those who performed poorly on initial screening. Decision making is additionally informed by
the presence or severity of risk factors, available resources, and clinical judgment, and may change over time according to patient need. The
desired intervention may also inform level assignment; for example, all patients will likely benefit from psychoeducation, but only those with clear
functional impairment may need individualized services, such as rehabilitation or educational planning.
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approach to assessment at each time point, to adequately
inform plans for education and rehabilitation services. The
appropriate level of service for an individual patient may also
change over time, as problems resolve or new issues emerge.
For example, a patient who experiences a significant neu-
rologic event during treatment may be assessed more fre-
quently during recovery. The desired intervention may also
inform level assignment; for example, all patients will likely
benefit from psychoeducational services, but only those with
clear functional impairment may need individualized ser-
vices, such as rehabilitation or educational planning.

Each individual institution’s approach to triage or escalation
may vary according to resource availability, while ensuring
that patient needs are appropriately met. For example, well-
resourced centers may assess all patients known to be at
high risk of impairment at secondary level, whereas less
well-resourced centers may need to be reliant on screening
to identify those with the greatest need. In some cases,
referral outside of the hospital service may be required.
Alternatively, this model and the associated evidence for a
risk-stratified approach to monitoring may be used to justify
additional resource requirements.

RISK ASSESSMENT

A full review of all contributing factors is outside of the scope
of this article and will be covered in other manuscripts within
this issue; however, it is important to note that variability in
neurocognitive outcomes is not solely explained by clinical or
treatment factors. Consideration of risk factors for neuro-
cognitive difficulties may be particularly useful for triage and
allocation of services in centers with limited resources. Ex-
amples are discussed below and depicted in Figure 3.

Individual Risk Factors

Longitudinal studies in survivors of childhood brain tumors
show that younger age at diagnosis predicts decline in
neurocognitive performance over time after accounting for
CNS treatment intensity.2 Younger age at diagnosis has
been identified as a risk factor for in a large, prospective,
longitudinal study of children treated for low-, standard-,
and high-risk ALL® and in a large, prospective, cross-
sectional study of children treated for high-risk ALL.%°
Other cross-sectional studies have not found this rela-
tionship, likely because of limitations such as small sample
size and limited sample representativeness.?'?3 Early
childhood is a critical period for neurodevelopment. Neu-
rodevelopmental changes during early childhood include
changes in the efficiency and directionality of white matter
connections throughout the brain.?* Results from neuro-
imaging studies in survivors of childhood ALL document
brain changes, including decreased white matter integrity,
that are associated with treatment intensity.?®> Younger age
at diagnosis may also increase risk because of missed
opportunities for social interaction during critical periods for
neurodevelopment.
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Survivors with preexisting neurodevelopmental conditions
or cognitive impairment may also be particularly vulnerable
to cancer-related cognitive dysfunction. For example,
survivors of low-grade glioma with neurofibromatosis type
128 and survivors of ALL with Down syndrome?” have worse
neurocognitive outcomes compared to peers without a
cancer history.

Clinical Risk Factors

Individuals with primary or metastatic CNS neoplasms as
well as those whose treatment requires CNS-directed
therapy are at greatest risk for late effects.?®3° Studies in
survivors of childhood ALL have identified bacteremia or
sepsis®! and acute methotrexate neurotoxicity® as factors
that add to treatment-related risk for neurocognitive defi-
cits. In childhood brain tumor, posterior fossa syndrome!©
and treatment-induced ototoxicity®® increase risk for defi-
cits in global intellectual functioning and academic
achievement. Elements of supportive care, such as re-
peated exposure to general anesthesia for diagnostic or
therapeutic procedures, have also been linked to neuro-
cognitive late effects.3*25

Environmental Risk Factors

The impact of environmental factors is illustrated by studies
of noncancer and childhood cancer populations that
document the adverse impact of low socioeconomic status
on brain development and cognitive outcomes.?°3¢ Modi-
fiable lifestyle factors that contribute to neurocognitive
difficulties should also be included in risk assessment, as
these represent opportunities for intervention. For example,
long-term survivors of childhood ALL report significant
fatigue and sleep disturbance that is predictive of poorer
neurocognitive outcomes.®”

As risk factors may change over time, systematic reas-
sessment based on review of the medical record and patient
or family report is important. The Children’s Oncology Group
Long-Term Follow-Up Resource Guide includes examples of
treatment summaries and psychosocial assessment tools
that can be used as starting points for the development of an
institution-specific risk screening form for on-therapy pa-
tients.®® The Psychosocial Assessment Tool 2.0 is an ex-
ample of a practical tool for screening psychosocial risk and
resiliency factors that has been validated in families of
children with cancer.®® The Psychosocial Assessment Tool
2.0 can be used to screen for factors that increase risk for
poorer psychosocial and neurocognitive outcomes, and
might otherwise be overlooked in an oncology-focused as-
sessment (eg, preexisting neurodevelopmental conditions,
family history, and socioeconomic factors).

MEASUREMENT

At the institutional level, implementation of models for
cognitive surveillance requires pragmatic consideration of
discrepancies in local service provision. This in turn ne-
cessitates acknowledgment of wide variation in resource
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FIG 2. Implementing the model with risk-stratified decision making. Decision making is risk stratified and iterative, and strategies for model
implementation are meant to be flexible in consideration of changing patient needs and available resources (ie, personnel, time, and materials). There is
flexibility to increase or decrease levels of support based on data and clinical judgment, or to skip levels based on severity of need. Starting during
treatment, a provider asks the first question of “does the patient have known risk factors or cognitive complaints?” and moves to the next part based on
their answer. For example, if a patient has no known risk factors or cognitive complaints, they complete a primary-level assessment. If impairments are
identified from the primary-level assessment, a higher-level assessment can be completed to obtain more detailed information. The patient can be
reassessed at the secondary level at a predefined period (eg, 1 or 2 years or transition), and if they do not have further impairments, their next
assessment can remain at the primary level. The dashed arrows indicate reassessments that occur over time.

Journal of Cli

availability. Not all centers have access to a qualified
psychologist or a full range of cognitive tests, and psy-
chologists may also have time constraints associated with a
large service volume. Furthermore, centers in the United
States will have at their disposal the Cogstate battery for
screening but this is not yet widely used elsewhere, and
thus we have recommended a no-cost alternative question-
based screening. This also provides a cost-free alternative
for screening all pediatric oncology patients as it is ac-
knowledged that not all centers will be in a position to
undertake formal assessment with all patients.

It is important to recognize the clinical and research utility of
neurocognitive assessment in the proposed model. Results
inform care of an individual patient and advances knowledge
to guide development of preventative and remedial inter-
ventions. Collaboration from multidisciplinary teams should
be emphasized in development and implementation of a
screening model. Measures must have documented psy-
chometric characteristics, and constraints related to longi-
tudinal testing (eg, practice effects)* and monitoring children
across age categories (eg, limited test options) need to be

nical Oncology

recognized. Vulnerable neurocognitive domains, such as
sustained attention, processing speed, and executive func-
tion, cannot be assessed in very young children (eg, the
majority of patients with ALL). Variability in scores on repeat
testing can be because of a combination of true score change
and practice effects (ie, increased efficiency because of
familiarity with the test, and remembering actual items on the
test).*>* Careful consideration of the test-retest interval is
necessary, and this differs widely based on the specific test.
Batteries such as Cogstate are designed to be repeated at
short intervals and can be more suitable for regular moni-
toring programs, but more traditional gold-standard tests are
not, although the latter are often more available and accepted
in clinical settings. We have acknowledged the importance of
being pragmatic in recognizing those tests that are widely and
cross culturally accepted, such as Wechsler tests, in contrast
to those that may have demonstrated sensitivity in a research
setting but do not have wide availability, familiarity, or ac-
ceptability. Input from a multidisciplinary team that includes
psychologists and/or neuropsychologists is important when
determining both tests to implement locally at each level and
time point for repeat testing.

1699



Jacola et al

Treatment
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Late effects of treatment
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Physical or sensory disability

Education and work
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FIG 3. Factors contributing to neurocognitive outcomes. Individual, clinical, and environmental factors should be
considered in decision making with the proposed model. Factors are presented according to the time that is most

relevant. Risk assessment is an iterative process.

Additionally, there can be limitations in test availability for a
patient’s native language or for assessment measures that
are appropriate for a patient’s race, ethnic, cultural, or
immigration background; the development of such mea-
sures is a priority for research. Considerable efforts to
identify measures suitable for administration across a wide
variety of languages and cultures have been undertaken by
the European Society of Paediatric Oncology Brain Tumour
Quality of Survival group.*® This process identified a set of
cognitive tests and quality of survival patient-reported
outcome measures to address the domains considered
most crucial for long-term follow-up in childhood brain
tumor trials.*® This flexible approach balances the impor-
tance of a minimum core data set while offering the flex-
ibility to augment this battery with a more comprehensive
plus range of tests as permitted by local resources. Again,
this is based on pragmatic acceptance of tests that are
available and acceptable in a wide range of countries. More
recently, a hierarchical approach to the battery has been
recommended, where those tests considered most crucial
are requested to be administered first to encourage a
consistent minimum data set.*®

This core plus model with a specified test hierarchy is
conceptually similar to the tiered model of Hardy et al** and
shares the feature of progressing through levels of more
detailed assessment according to time and resources.
However, the Hardy et al'*® model, which is designed with an
explicit clinical focus, demonstrates greater definition be-
tween the levels, which can include a different medium of
testing and user qualification. The model also focuses on
progression through levels based on patient need and results
obtained at each level. We incorporated aspects of the core
and core plus approaches in the implementation of our
model, as detailed in Table 1. For example, the core mea-
sures provide a targeted assessment and can be included as
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a secondary- or tertiary-level assessment, depending upon
resource availability and culturally accepted practices.

Even with the identification of a common set of internationally
used measures, cognitive assessment in an acute hospital
context can be challenging. Fluctuations in patient health
status and symptom burden must be considered in the timing
of and approach to assessment, as well as interpretation of
findings. Patients and families may experience psychosocial
distress during treatment, which could limit the clinical utility
of results. Flexibility is essential, and a single detailed test
battery is unlikely to be applicable in all contexts.

The measures detailed in Table 1 are recommended with
consideration of the above-described challenges. We in-
clude caregiver ratings and, when feasible, direct perfor-
mance measures that are appropriate for young children.
There is a balance between measures that are sensitive to
early changes and those that are familiar and thus locally
acceptable and also those that are clinically useful for
providing guidance to clinicians, families, and educational
systems. Any of the more global measures contain subtests
that measure discrete neurocognitive skills previously
identified as vulnerable in the literature (eg, working
memory and processing speed). Similar to guidelines from
the core plus model, measures should be chosen
according to resource availability, feasibility, and accept-
ability specific to that country or center.

DISCUSSION

In this paper, we present a preventative, tiered model of
neuropsychological care to identify and support children
who are at risk for neurocognitive deficits related to pedi-
atric cancer or its treatment. Regular monitoring facilitates
detection of patterns of change in cognitive domains.
Additionally, identification of cognitive problems before
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TABLE 1. Assessment and Intervention Within the Tiered Model

Level

Assessment

Suggested Measures

Assessment and Monitoring of Cognitive Function Pediatric Cancer

Intervention

Risk factors

Medical record review, treatment summaries, and PAT 2.0*

Primary Open-ended questions Psychoeducation
School or work How is school or work going (grades, attendance, and needing Developmental milestones
support)? Changes?
Social How are they getting along with others? Changes? Neurocognitive late effects
Mood and behavior What is their mood or behavior like? Changes? Strategies for adaptive skills
Adaptive skills Independence with dressing, chores, transportation, and adherence? Center-specific resources
Changes?
Standardized questionnaires
Adaptive skills ABAS-3*
Attention and executive function Conners-3 Short Form®®; BRIEF-2 Screening Form*”
Mood and behavior SDQ*?; CBCL®™; PROMIS Short Form®5?
Performance measures
Attention, processing speed, and executive NIH Toolbox®%3; ImPACT>*%5; Cogstate®®>’; Attention Network Test>®
function
Secondary Standardized questionnaires® Targeted supports
Early development DAYC-2%%; Mullen Scales of Early Learning® Eligibility for early intervention (eg, early intervention program)
Adaptive skills Vineland-3 Rating or Interview Forms®!; SIB-R Rating or Interview Monitor developmental progress
Forms®
Attention and executive function Conners-3 Long Form; BRIEF76364 School reentry
Mood and behavior BASC-3%; PROMIS Full Form®!°2 Academic supports (eg, Section 504 plan and individualized
education program)
Performance measures—core cognitive” Round-table or academic meetings
Estimated 1Q Wechsler Scales—Abbreviated 1Q (WASI-II, WISC-V, WAIS-V)&e67:62 Transition planning
Verbal intelligence Wechsler Scales—Vocabulary (WASI-II, WISC-V, WAIS-IV); Receptive
Vocabulary (WPPSI-IV)%®
Fluid intelligence Wechsler Scales—Matrix Reasoning (WASI-II, WISC-V, WAIS-IV,
WPPSI-IV)
Working memory Wechsler Scales—Digit Span (WISC-V, WAIS-IV); Picture Memory
(WPPSI-IV)
Processing speed Wechsler Scales—Coding, Symbol Search (WISC-V, WAIS-IV); Bug
Search, Animal Coding (WPPSI-IV)
Visual spatial WRAVMA?; Beery VMI-67!
Preacademic or academic BBCS-3:R—School Readiness Composite’?; WIAT-3 Word Reading”®
Tertiary Standardized questionnaires® Rehabilitation services

Adaptive skills
Attention and executive function
Mood and behavior

Performance measures—core plus®®
Global cognitive functioning
Sustained attention
Executive Function

Learning and memory
Academics

Multiple rater forms

Wechsler Scales—Full Scale 1Q (WASI-2, WPPSI-IV, WISC-V, WAIS-4)

KCPT-27#; CPT-37% TEA-Ch 27°

DKEFS Verbal Fluency, Color-Word Interference, and Trail Making
Test, 20 Questions’”

NEPSY-II Verbal Fluency, Rapid Naming, Auditory Attention and
Response Set’®

CMS7; WMS-IVEY; CVLT-C/38182, RAVLTE%; RCFT&%; ChAMPE

WIAT-3 Spelling, Numerical Operations, Reading Fluency, Math
Fluency, Writing Fluency

NOTE. Bold indicates broad category of assessment measure or intervention.
Abbreviations: ABAS-3, Adaptive Behavior Assessment System, 3rd Edition; BASC-3, Behavior Assessment System for Children; BBCS-3:R, Bracken Basic

School reentry

Formalized academic supports
Behavior intervention plans
Transition planning

Differential diagnosis

Treatment planning

Concepts Scale, 3rd Edition:Receptive; Beery VMI-6, Beery-Buktenica Developmental Test of Visual Motor Integration; BRIEF, Behavior Rating Inventory of Executive
Function; BRIEF-2, Behavior Rating Inventory of Executive Function, 2nd Edition; CBCL, Child Behavior Checklist; ChAMP, Children and Adolescent Memory Profile;
CMS, Children’s Memory Scales; Conners-3, Conners 3rd Edition; CPT-3, Conners’ Continuous Performance Test, 3rd Edition; CVLT-3, California Verbal Learning Test,
3rd Edition; Conners Kiddie Continuous Performance Test, 2nd Edition; CVLT-C, California Verbal Learning Test for Children; DAYC-2, Developmental Assessment of
Young Children, 2nd Edition; DKEFS, Delis Kaplan Executive Function System; ImPACT, Immediate Post-Concussion Assessment and Cognitive Testing; NEPSY-II, A
Developmental Neuropsychological Assessment, 2nd Edition; NIH-toolbox, National Institutes of Health Toolbox; PAT 2.0, Psychosocial Assessment Tool, Version 2.0;
PROMIS, Patient Reported Outcomes Measurement System; RAVLT, Rey Auditory Verbal Learning Test; RCFT, Rey Complex Figure Test; SDQ, Strengths and
Difficulties Questionnaire; SIB-R, Scales of Independent Behavior—Revised; TEA-Ch2, Test of Everyday Attention for Children, 2nd Edition; Vineland-3, Vineland
Adaptive Behavior Scales, 3rd Edition; WAIS-IV, Wechsler Adult Intelligence Scales, 4th Edition; WASI-Il, Wechsler Abbreviated Scales of Intelligence, 2nd Edition.
WIAT-3, Wechsler Individual Achievement Test, 3rd Edition; WISC-V, Wechsler Intelligence Scales for Children, 5th Edition; WMS-IV, Wechsler Memory Scales, 4th
Edition; WPPSI-IV, Wechsler Preschool and Primary Scales of Intelligence, 4th Edition; WRAVMA, Wide Range Assessment of Visual Motor Abilities.

?ln addition to previous level(s).

®Most likely to be augmented based on clinical referral question. Assessment approaches may be modified in consideration of resources; we offer multiple
modalities at each level for this reason. Not all measures have language or cultural translations; in these cases, local tests that measure the same domain can
be substituted. Many standardized questionnaires have versions for multiple raters (parent or caregiver, self, and teacher). Rater selection for questionnaire
measures may differ in consideration of patient age and level of assessment. It is common to include information from external raters at the tertiary level.
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their impact on daily functioning facilitates remedial op-
portunities that can translate into improved outcomes and
quality of life. The developmental perspective of this model
is crucial because potentially neurotoxic agents and/or
treatment complications can have an adverse and long-
standing impact on developing neural systems and ev-
eryday functioning.

Our model is built on the growing evidence that multiple
risks factors can affect cognitive development. Insight into
these risk factors is crucial to determining when neuro-
psychological monitoring should be initiated. Defining the
level of assessment based on the risk algorithm is beneficial
but challenging as large individual variation exists. To deal
with these variations, our model emphasizes the need to be
flexible based on existing risk factors, but also on clinical
need. For example, some risk factors can be considered as
a red flag to commence follow-up on the secondary level
(eg, brain tumor, cranial irradiation, or young age at
treatment) where resources allow.

The interval between assessments should be flexible
depending on risk factors, clinical needs, and test prop-
erties for repeat testing. Assessment should be prioritized in
patients with significant reported or observed changes in
behavior, cognition, or academic performance. Good
clinical practice dictates screening by pediatric oncologists
for cognitive problems on a regular basis during treatment
and following completion of therapy. The rationale to un-
dertake an early assessment before or during treatment is
also driven by evidence that early interventions during the
cancer treatment could be beneficial and durable.** The
last article of this Special Issue outlines the evidence base
for interventions to remediate or improve functioning.

Neurocognitive problems contribute to a core component of
quality of life for a significant proportion of pediatric cancer
survivors. Good clinical care requires neuropsychological
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follow-up and interventions. By providing this preventative
tiered model, we hope to inspire pediatric oncologic centers
to allocate time and resources to incorporate or expand
neuropsychology services in their local program. Recog-
nizing the reality that neuropsychological resources in pe-
diatric oncology centers are often limited, we outline
minimum requirements on each level. Ideally, a neuropsy-
chologist is available at each pediatric oncology center to
advice about the frequency of monitoring for each child. In
centers lacking neuropsychological resources, a brief cog-
nitive screening can be administered during routine follow-
up by the pediatric oncologist. In this case, collaborations
with specialized neuropsychological units for children that
require follow-up on secondary or tertiary levels are
advisable.

Our model proposes a systematic approach for monitoring
neuropsychological functioning within a broader framework
of psychosocial care. Monitoring of neurocognition should
not occur independent of a broader psychosocial
evaluation.

Our model is based on a synthesis of current evidence-
based knowledge but will need refinement as new re-
search provides insight into the complex interactions
between pediatric cancer, its treatment, the developing
brain of the treated child, and the role of the environment.
Systematic evaluation of the proposed model across pe-
diatric oncology settings is needed to inform generaliz-
ability.  Further work investigating neurocognitive
outcomes and risk factors in the broader pediatric on-
cology population can be used to inform risk-stratified
decision making. Additional work is needed to establish
the clinical utility of computerized assessment measures
for identifying neurocognitive vulnerabilities and changes
over time, as well as the validity of assessment measures
across culturally diverse groups.
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