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Figure 7 - Future considerations for evaluating cancer-related cognitive impairment
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Figure 3 - Study characteristics

Anticonvulsants
Adjuncts e.g. analgesics

Process: Inclusion/ exclusion criteria (Figure 1) used to search
information sources (Figure 2).

More under-18s with cancer now survive into
adulthood.

Sample
(Size = diagnosis, age)

Cogpnitive &/ exercise training

Study Methodology Intervention Measures

Biopsy (genetic testing)

Brain & spinal cord tumours Radiotherapies

Site-specific ionising radiation Infertility
Total body irradiation Osteoporosis
Proton beam therapy Peripheral neuropathy

Low-grade (benign) tumours Lumbar puncture

Astrocytomas (gliomas)
Craniopharyngiomas

Neurofeedback ANT & SWAN

Ruiter et al. (2016) RCT 80=PBS,8-18

Imaging (general / organ-specific)

Carlson-Green, Puig and Bendel

Figure 1 - Inclusion and exclusion criteria for studies 2016)
Conklin et al. (2015) RCT

They often need long-term follow-up for physical
and psychiatric late effects.

Pre-post 20=PB5,8-18 Cogmed CBCL

Radiotherapy-related

High-grade (malignant) tumours
Hypothyroidism/ hyperthyroidism

CPT-Il & CPRS-3 Gliomas
Ependymomas

Medulloblastomas

Biological therapies
Immunotherapies
Inhibitors (growth/angiogenesis)

68 = PBS/ALLS, 8 - 16 Cogmed

Head & neck-linked effects
Hearing problems
Cataracts/ glaucoma
Dental issues (dry mouth/ cavities)
Brain or thyroid cancer
Osteoporosis

PICO framework Eligibility criteria _ RCT
Conklin et al. (2016) 68 = PBS/ALLS, 8- 16 Cogmed CPT-ll & CPRS-3
(6 month followup)

Invasive procedures
Stem cell (bone marrow) transplant
Surgical tumour resection
Surgical shunt insertion

Lymphomas*

Hodgkins Lymphoma
Non-Hodgkins Lymphoma

Historical or ongoing cancer diagnosis under the age of 18. Hardy et al. (2013) RCT 20 = PBS/ALLS, 8 - 16 Cogmed WRAML-2 & CPRS-3

Studies excluded if;

a) sample did not include paediatric cancer patients/ survivors
b) majority of the sample > 18 years old (adults)

a)

Population Mendoza et al. (2019) RCT 68 = PBS/ALLS, 8 - 16 Cogmed CPRS-3 & WISC-IV

Some cancer survivors sustain cognitive
deficits, particularly impaired attention.

Chest-linked effects
Cardiorespiratory issues (damage)
Osteosarcoma
Breast cancer
Thyroid cancer

Cogmed (adaptive vs
non-adaptive)

Siciliano et al. (2021) RCT 41=PBD,7-16 NTCB & CBCL

Longitudinal risk factors

Age at diagnosis
Time from diagnosis/ therapy
Developmental status
Function of unaffected organs

Treatment-related risk factors

Radiation; total dose, fraction size, organ/ tissue
volume, type of machine energy

Baseline risk factors
70 = PCS5 (+CN5 C d
Benzing et al. (2020) RCT A T(6 . . F’g":seh o) WISC-IV Gender
- ergaming >hape -p Genetic predisposition
Pre-morbid health status
Capacity for normal tissue repair

Psychological therapies

Intervention b) Pharmacological interventions

Long-term neurodevelopmental effects of
paediatric cancer are not clear.

Patients within the same demographic as the sample population who were receiving;
a) treatment as usual, or
b) on the waiting list for standard treatment

CANTAB Chemotherapy; agent type, dose intensity,

cumulative dose, schedule

Riggs et al. (2016) Non-RCT (crossover) 28 =PBS,6-17 Exercise training

Psychological effects
Anxiety
Depression
Post-traumatic stress disorder
Cognitive deficits
Secondary functional difficulties
(activities of daily living)

Comparison
CPT-ll, Map mission
& D-KEFS Tumour-related risk factors

Psychological therapies Location
Direct tissue effects
Secondary organ dysfunction
Mechanical effects

Nintendo Wii® Social risk factors Surgery; technique, site

Socioeconomic status
Health and lifestyle
Impact of cancer diagnosis and
treatment e.g. relationships

Sabel et al. (2016) RCT (crossover) 13=PBS,7-17

Primary outcome; measured empirically by neuropsychological testing
Changes in attention span or observed attention deficits

Combined modality therapies

40 = Cancer diagnosis
(except CNS), 11 -13
Pharmacological interventions

Blood transfusion

Abedini et al. (2020) MBCT-C CBCL & YSR

Secondary outcomes; recorded using patient or collateral reports Haematopoietic cell transplantation

a) Overall intelligence quotient (I1Q)
b) Academic achievement
c) Social wellness and adaptive functioning

Current interventions are modelled on
Attention-Deficit Hyperactivity
Disorder (medication and cognitive training).

Outcome

Metformin CANTAB

Ayoub et al. (2020) RCT (crossover) 24=PBS,5-21

?clinical
relevance

Tertiary prevention

Combination treatments based
on severity and risk of
functional decline.

Primary prevention Secondary prevention ?

Figure 4 - Summary of results

Monitoring multifactorial processes and
co-morbidities influencing longitudinal cognitive
outcomes.

Identifying high-risk groups at baseline
Risk/benefit of low-intensity versus high-intensity interventions at
stages from point of diagnosis to late effects follow-up

Studies excluded if their primary/ secondary outcomes did not evaluate or report attention deficits 8 Cognitive training studies - Neurofeedback (1), Cogmed (7 - including 1 versus Exergaming)
L]

Additional exclusion criteria;
a) Studies published prior to 2013

. . )
Th IS a p p roac h m ay n Ot be eﬁe Ct|Ve aCross b) Study design - systematic reviews, meta-analyses, editorial articles, conference abstracts, case studies.
paediatric cancer sample, where various attention i B A

deficits precede cognitive decline.

pr——

L . Involvement of multi-specialist input into research studies to ensure clinical translatability and implementation is feasible
& Neurofeedback - no significant effect on attention Neuroscientific methods alongside standardised neuropsychological tools to measure cognitive deficits
Depending on data quality - use of artificial intelligence and machine learning for prognostic modelling of cognitive outcomes
Developing neurotechnologies that may be more targeted to specific areas of cognitive dysfunction

Cogmed - attention significantly improved (3 out of 7 studies),

not maintained at 6 month follow-up Multidisciplinary advances

e) Outcome data not published.

3 Physical training studies - Exergaming vs Cogmed, Exercise training & Nintendo Wii®

Exergaming - no significant changes, or differences with

Early intervention and monitoring strategies could prevent or
Cogmed

reduce cognitive decline.

Figure 2 - Information sources, Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA)

Exercise training - significant improvement in attention after
intensive group training

Identification of studies via databases and registers Identification of studies via other methods

Aim

To evaluate the impact of the following interventions on
attention deficits in patients diagnosed with cancer at <18
years old -

a. neuropsychological interventions.
b. pharmacological treatments.

This systematic review updates the evidence for cognitive

interventions in this cohort - as the last review was published in
2014.

There is more focus on attention deficits, which could be key to
early intervention.

The International Cognition and Cancer Task Force highlighted
that neuroscientific understanding of cancer-related cognitive
impairment was limited.

Previous reviews commented on the lack of consistent evidence
for cognitive interventions, or their long-term eftectiveness.

Records identified from research
databases/ clinical registers

(n=1472)

Identification

Records screened from research
databases/ clinical registers

(n=1266)

Records identified from websites,

Duplicate records removed based on specific journals and citation/

title prior to screening

(n = 208)

reference searching

(n=10)

Records excluded based on title/

- ) Records screened from citation/
abstract not meeting inclusion/

reference searching

Duplicate records (already included
from database search) removed before
screening

(n=86)

exclusion criteria

(n = 1246) (n=4)

Full-text reports sought for retrieval

(n=20)

Screening

Full-text reports sought for retrieval

Full-text reports not retrieved as . R "
via specific journal or contacting

results not published

author

(n=2)

(n=3)

Available full-text reports assessed for
eligibility based on inclusion/exclusion
criteria

(n="18)

Full-text reports excluded based on l
inclusion/exclusion criteria (n = @)

Available full-text reports assessed for
eligibility based on inclusion/
exclusion criteria

Date of publication (n = 1)

Studies included in review (m = 12)
Journal databases & clinical registers
n=9)

Other sources (n = 3)

Review (n = 3)
Outcome of interest not measured in=3)
(n=4)

No follow-up data presented (n = 1)

Records excluded based on title/
abstract not meeting inclusion/
exclusion criteria

(n=1)

Full-text reports not retrieved

(n=0)

Reports excluded based on inclusion/
exclusion criteria

(n=20)

Mixed Methods Appraisal Tool (MMAT): critical appraisal tool
used to appraise methodological research quality.

ldentified the following issues -

a. unclear randomisation method (1 study).

b. limited outcome data (1 study).

c. absent/ unclear assessor blinding (2 studies).

d. less than 80% adherence with intervention (2 studies).

Nintendo Wii® - no improvement in attention

1 Psychotherapy study - MBCT-C (Mindfulness Based Cognitive Therapy for Children)

9 W @ Significant improvement in attention self-reported by patients
H and caregivers during ongoing cancer treatment

1 Medication study - Metformin (typically used in Diabetes Type 2 management)

Significant improvement in attention observed in paediatric brain
cancer survivors

Research focusing on this area of clinical need is limited, with few replicable studies

Heterogeneity

Measures - no standardised cognitive outcomes

Clinical status - effects of various primary cancers,

tumour spread to other sites, and different
exposures to treatment not considered

Figure 5

- Research limitations

Development

Age - no differences in treatment response
considered between children and adolescents

Baseline - pre-morbid features (e.g. ADHD)
typically excluded, affecting generalisability

Long-term - no data beyond 6 months, could not

consider if changes/ relapse affected outcomes

Co-morbidities - endocrine/ neuropsychiatric
effects on cognitive function not considered

Primary prevention

Identifying possible high-risk groups

Early childhood cancer onset

Confounders

Physical - impact of interventions on common
issues (e.g. pain/ fatigue/ sleep) not considered

Psychosocial - role of therapies in addressing
anxiety (linked to cognition) not clearly defined

Figure 6 - Limitations of clinical translatability

Secondary prevention

Cognitive risk monitoring targets

Cancer spread or relapse

Tertiary prevention

ADHD/ neurodisability
Systemic (pain/ fatigue/ sleep)
Anxiety/ depression
Risk-targeted cognitive interventions

Low-intensity support for low-
risk cases e.g. sleep hygiene

High-intensity input for high-
risk cases e.g. Cogmed

Endocrine dysfunction
Neurological sequelae

Chemoradiotherapy-related
impairments

Multiple treatment episodes
Posterior Fossa Syndrome (PFS)

Post-traumatic stress disorder

Considering treatment limitations

Particular age groups
Global developmental delay
Active treatment vs remission

Adjunct to palliative care
Combining cognitive interventions

Interacting cognitive risk
factors e.g. pain & depression

Cumulative risk factors e.g.
baseline ADHD with PFS

Conclusion

Ways in which research could evolve to target cancer-related
cognitive impairment:

1 Neurodevelopment - define cognitive effects of
different cancer types/ co-morbidities/ treatments.

Standardised measures - cognitive risk assessment &
prognostic models e.g. corroborate risk factors large
clinical datasets.

Targeted cognitive interventions - for specific areas of
cognitive dysfunction or cognitive risk factors.
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