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Meta-analysis of neurocognitive
rehabilitation for cognitive dysfunction
among pediatric cancer survivors

ABSTRACT

Cancer and its treatment significantly affect the cognitive functioning of pediatric cancer survivors. This meta-analysis aimed to examine
the effects of neurocognitive rehabilitation interventions on the cognitive functioning and intellectual performance of pediatric cancer
survivors. Four databases were searched until December 15, 2021, RevMan 5.4 was used to analyze the effects of neurocognitive
rehabilitation interventions on the cognitive functioning of pediatric cancer survivors. Ten eligible randomized controlled trials were
initially identified, and nine of these were included in the meta-analysis. For the working memory outcome, the pooled effect results
favored study interventions and had statistical significance at postintervention assessment (Z = 2.24, P = 0.03). For the attention
outcome, there were significant statistical differences at postintervention and 3/6-month follow-up assessment (Z=2.72, P=0.007
and Z=10.45, P < 0.001, respectively). For the executive functioning outcome, there were significant statistical differences at
postintervention and 3/6-month follow-up assessment (Z = 2.90, P = 0.004 and Z = 14.75, P < 0.001, respectively). For the
academic/intellectual performance secondary outcome, the pooled overall effects of study interventions on the academic/intellectual
outcome were positive at postintervention and follow-up assessment (Ps < 0.001). No studies reported any adverse events related
to neurocognitive and educational interventions. This meta-analysis found that neurocognitive rehabilitation interventions improve
the working memory, attention, and executive functioning of pediatric cancer survivors at postintervention and short-term follow-up.
Neurocognitive rehabilitation also has positive effects on the academic/intellectual performance of this study population during a

vulnerable period in their development.
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INTRODUCTION

More than 400,000 children worldwide are
diagnosed with cancer annually, and a child
is diagnosed with cancer every 3 min.!" In
high-income countries, such as the United States,
the estimated 5-year net survival rate for pediatric
cancers is 79.85%, and the global 5-year survival
rate is 56%."" Among all types of pediatric cancer,
the two most common forms are brain tumors
and acute lymphoblastic leukemia (ALL).”! With
an increased number of pediatric cancer survivors,
two-thirds of this cancer survivor population
report at least one cancer-related sequela, such as
cognitive dysfunction,”* which can adversely affect
their health and academic development/growth.>

Previous research has estimated that one-third
of pediatric cancer survivors report cognitive
dysfunction.” Among pediatric brain tumor
survivors, the prevalence of cognitive dysfunction

is as high as 50%-80%." Cognitive dysfunction
includes various aspects of impairment in working
memory, attention, executive functioning, and
information processing speed, all of which
have negative effects on the learning abilities,
academic achievement, and long-term development
of pediatric cancer survivors, including their
educational and employment attainment.?%9
Neurocognitive rehabilitation interventions
effectively diminish cognitive dysfunction among
pediatric cancer survivors.*!*** These intervention
programs utilize cognitive and/or behavioral
skills acquisition approaches demonstrated to
improve the cognitive functioning and academic
achievement of pediatric cancer survivors.®?
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One meta-analysis compared the academic/intellectual
outcomes of pediatric cancer survivors with ALL to those
of controls without a history of cancer.'¥ In terms of study
subjects, this meta-analysis only included pediatric cancer
survivors with ALL. In terms of study types, it only included
observational studies and failed to include any intervention
study." Krull et al.® provided a comprehensive review of all
aspects of cognitive dysfunction, including the prevalence
and pattern, associated factors, neurochemical biomarkers
of cognitive deficits, cognitive outcome assessment, and
possible interventions, to facilitate rehabilitation for long-term
pediatric cancer survivors, including survivors of the two most
common cancer types, namely brain tumor and ALL. However,
this review did not quantify the effects of neurocognitive
rehabilitation programs on the cognitive and academic
outcomes of pediatric cancer survivors.

Therefore, this current meta-analysis aimed to examine the
effects of neurocognitive rehabilitation interventions on the
cognitive functions of pediatric cancer survivors and whether
cognitive remediation interventions improve the academic/
intellectual performance of this study population.

SUBJECTS AND METHODS

Search strategy and data resources

This meta-analysis involved a literature search in four electronic
databases—PubMed, EMBASE, Scopus, and PsychINFO—until
December 15, 2021. The search terms used a combination of
keywords and medical subject headings. The search strategies
are listed in Appendix 1.

Eligibility criteria

Studies involving pediatric patients and/or survivors with
brain tumors or ALL were included in this meta-analysis, as
these are the most common types of childhood cancer. In
line with the conventional age-related definition, pediatric
cancer survivors were defined as children ages <18 years.
The examined interventions included all neurocognitive
rehabilitation programs, such as neurocognitive and
psychoeducational interventions. The controls included
standard/usual care, waitlist controls, and other supportive
care interventions. The primary outcomes included cognitive
outcome measures, and the secondary outcomes included
academic/intellectual outcomes and any adverse effects
directly related to interventions. In terms of study types, only
randomized controlled trials (RCTs) were included.

Data extraction

Two of the authors (X.W. and EH.) independently conducted
data extraction for each RCT. Both authors mainly extracted
the characteristics, including key information about the
study population, interventions, outcome measures, and
the results of primary and secondary outcome measures at
postintervention and follow-up assessments. If there was any
disagreement involving data extraction, the final author of this
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manuscript (A.S.K.C.) was always involved in the discussion
to achieve agreement.

Risk of bias assessment

The study used the Cochrane Risk of Bias Assessment tool**
for the methodological quality assessment. The steps in
the assessment were similar to those in the data extraction
process. Two authors (L.Y. and H.H.) conducted the risk of bias
assessment for each included RCT independently, and any
disagreements were discussed with the third author (Y.L.) to
reach a consensus.

Data synthesis and analysis

The Cochrane Collaboration’s Review Manager (RevMan 5.4)
was used for quantitative data synthesis and estimating the
pooled effects of study interventions.'” If data for standard
deviations were missing, they were calculated using standard
errors or other related information, such as 95% confidence
intervals (95% CIs), using the RevMan Calculator.!" The
heterogeneity of the included trials was calculated with y?
test and I* statistics. P <0.1 (y?) and I* > 50% are indicators
of statistical heterogeneity.'” If an obvious indication of
heterogeneity occurred, the estimations of the intervention
effect size were made using the random-effects model;
otherwise, the estimation of the intervention effect size was
made using the fixed-effects model. The pooled effects of
study interventions were assessed using P < 0.05, indicating
statistical significance.

RESULTS

The methodology of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 was followed.®!
Figure 1 presents the full study selection procedure. In total,
10 of 125 extracted studies were initially selected for the
meta-analysis. However, 1 of these 10 studies was a pilot RCT
without sufficient information for pooling study outcomes;*
s0, only nine RCTs were included in this meta-analysis.[!*1220-25]

Characteristics of included studies

Table 1 presents the characteristics of nine RCTs included in
the meta-analysis. Data were organized under the headings
of author and year, study participants, study interventions,
outcome measures, and major findings. The number of study
participants varied from 20 to 161. The age ranges of pediatric
cancer survivors were mainly from 6 to 18 years. Of the nine
RCTs, six adopted cognitive training interventions, whereas
the remaining three used the following types of intervention:
cognitive rehabilitation, neurofeedback, and education. The
key cognitive outcome domains included working memory,
attention, and executive functioning. Academic/intellectual
performance was mainly measured by the Wechsler Intelligence
Scale for Children-Fourth Edition (WISC-1V; Table 1).

Quality of study methods
Figure 2a presents a summary of the risk of bias assessment,
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Figure 1: PRISMA 2020 flow diagram of the study selection

and Figure 2b presents the bias assessment risk of each RCT.
Overall, all nine included RCTs had a low risk of bias. Only in
the domain of blinding study subjects or research personnel
did these studies have a high risk of bias. Of the nine included
trials, only one used a strategy to blind the study subjects
and/or research personnel by providing two versions of the
intervention program, which varied from the levels of the
intervention dose.”

Effects of study interventions on primary outcomes

In terms of primary outcomes, all included trials reported
improvements in cognitive outcomes, including working
memory, attention, and executive functioning. In
Figure 3a to ¢, comparisons of the working memory outcome
reported that the pooled effects were in favor of study
interventions; however, there was only statistical significance
at postintervention assessment (Z = 2.24, P = 0.03; Figure 3a).
The changes in scores for working memory and follow-up
assessment of working memory at 3/6-month follow-up
had no statistical significance (Z = 1.70, P = 0.09 and
Z = 1.45, P = 0.15, respectively, Figure 3b and c). In terms
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of the attention outcome, there were significant statistical
differences at postintervention and 3/6-month follow-up
assessment [Figure 4a and b]. Six trials assessed the effects of
neurocognitive interventions on pediatric cancer survivors’
attention at postintervention; the reported standard mean
difference (SMD) was 0.81 (95% CI, 0.23-1.40; Z = 2.72,
P = 0.007; Figure 4a). Three trials reported attention outcomes
at follow-up; the reported weighted mean difference (WMD)
for the attention outcome was 1.38 (95% CI, 1.12-1.64)
at 3/6-month follow-up [Figure 4b]. In terms of executive
functioning outcomes, six trials assessed the effects of
neurocognitive interventions on pediatric cancer survivors’
executive functioning at postintervention, with an SMD of
1.06 (95% CI, 0.34-1.77; Z = 2.90, P = 0.004; Figure 5a),
and three trials assessed executive functioning outcomes
at follow-up, with a WMD of 1.76 (95% CI, 1.53-2.00) at
3/6-month follow-up [Figure 5b].

Effects of study interventions on secondary outcomes
In terms of secondary outcomes, all included trials reported
improvements in academic/intellectual performance at
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Table 1: Characteristics of the included nine RCTs

Author (year)

Benzing
et al. (2020)

Bulter
et al. (2008)

Conklin
et al. (2015)

Conklin
et al. (2017)

de Ruiter
et al. (2016)

Hardy
et al. (2013)

Hocking
et al. (2019)

Mendoza
et al. (2019)

Moore
et al. (2012)

Study participants

69 pediatric cancer
survivors ages
7-16 years old

161 childhood
cancer survivors
ages 6-17 years

68 survivors of
childhood ALL or
brain tumor ages
between 8 and
16 years

68 survivors of
childhood ALL or
brain tumor ages
between 8 and
16 years

82 pediatric cancer
survivors ages
8-18 years

20 childhood cancer
survivors of a brain
tumor or ALL ages
8-16 years

27 pediatric brain
tumor survivors
ages 7-16 years

68 childhood cancer
survivors with a
brain tumor or ALL
ages 8-16 years

57 pediatric cancer
survivors with ALL
ages <10 years

Study interventions

8-week working memory training
and exergaming interventions,
each training course including
three 45-min training sessions
per week

Cognitive remediation program:
a total of up to 20 two-hour
weekly sessions over 4-5
months, including hierarchically
graded massed practice, strategy
acquisition, and cognitive
behavioral interventions
Computerized cognitive training:
a total of 25 homely training
sessions, one session per week,
phone-based coaching

Computerized cognitive training:
a total of 25 homely training
sessions, one session per week,
phone-based coaching

Neurofeedback interventions:

a total of 30 sessions, 30-min
per session, twice per week,
delivered at home or school
Computerized working memory
training program: a total of 25
training sessions at home, one
session per week, delivered by
phone-based coaching support

Computerized working
memory ftraining: a total of 25
computer sessions delivered
over 5-6 weeks. Each session
lasted 30-45 min, including
various aspects of working
memory

Computerized training: a total
of 25 at-home training sessions
over 5-9 weeks, each session
lasted 30-45 min and included
eight visual-spatial and verbal
working memory games

Mathematics intervention: a total
of 40-50 h, delivered individually,
and 1-2 h/week

Outcome measures

Executive functions;
intelligence, planning,
memory, attention, processing
speed, and motor abilities

A battery of academic
achievement/neurocognitive
tests: brief focused attention;
working memory; memory
recall; learning/learning
strategies

WISC-IV integrated spatial
span, digit span, and
letter-number sequencing
for attention and processing
speed; BRIEF for working
memory; and CPRS-3 for
executive function

WISC-IV integrated spatial
span, digit span, and
letter-number sequencing
for attention and processing
speed; BRIEF for working
memory; and CPRS-3 for
executive function

Attention, processing

speed, memory, executive
functioning, visuomotor
integration, and intelligence
Performance-based and
parent-report measures of
working memory and attention

Spatial span, digit span, and
letter-number sequencing
subtests from WISC,
processing speed index,
BRIEF, and the Child
Behavior Checklist

Age-standardized abbreviated
1Q test; working memory
measures included WISC-IV
spatial span, digit span, and
letter-number sequencing
tasks; and executive
functioning by CPRS-3

WASI; processing speed
index; verbal and nonverbal
working memory; visual-motor
integration skills, and fine
motor speed and dexterity

Major findings

Subjects in the intervention group
had a linear improvement in visual
working memory compared to the
control group

Subjects in the intervention group
had potentially beneficial treatment
for childhood cancer survivors, who
accepted intervention with improved
attention and statistically significant
increases in academic achievement

Subjects in the intervention group
reported greater improvement than
controls on measures of working
memory with ES of 0.84, attention
with ES of 0.65, and processing
speed with ES of 0.61 and showed
greater reductions in reported
executive dysfunction

Subjects in the intervention group
with cognitive benefits were
maintained 6 months after the
intervention, working memory

and processing speed were
unchanged from immediate to 6
months postintervention, but group
differences on an attention measure
were not maintained

Subjects in both groups had similar
improvements over time on the
primary outcomes (all Ps>0.05)

Subjects in the intervention program
reported significant posttraining
improvements in their visual working
memory and parent-rated learning
problems compared to those in the
active control group

This study did not find cognitive
gains in pediatric brain tumor
survivors with cognitive deficits

by computerized working memory
training

Subjects in the intervention group
reported cognitive gains but had no
gains in social functioning

Subjects in the intervention

group reported significant
improvements in mathematics

at postintervention (P<0.05) and

in visual working memory from
baseline to 1-year follow-up (P=0.02)

BRIEF=Behavior Rating Inventory of Executive Function, CPRS-3=Conners’ Parent Rating Scale-3, ES=effect size, WASI=Wechsler Abbreviated Scale of

Intelligence

postintervention and 3/6-month follow-up. Six RCTs compared
the academic/intellectual outcomes for pediatric cancer
survivors, with a WMD of 3.36 (95% (I, 3.09-3.64; Figure 6a),
and there were five trials involving 391 subjects that examined

the effects of study interventions on academic/intellectual
outcomes, with a WMD of 1.67 (95% CI, 1.40—1.94; Figure 6b).
None of the studies reported adverse events related to
neurocognitive and educational interventions.

Journal of Cancer Research and Therapeutics - Volume 18 - Issue 7 - December 2022

2061



SMIAGZIUMIPXZOBBOROATIAEIDYIASALLIAIPOOAEIEAHION/AD AUMYTXOMADY

OINX¥OHISABZIY TN +erNIOITWNOIZTABNHJBSHANQUE AQ [euinoliaoued/wod M| sfeuInolj/:dny woly papeojumog

€202/0T/TT U0

He, et al.: Cognitive dysfunction among pediatric cancer survivors

Random sequence generation (selection bias) _
Allocation concealment (selection bias) _
Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _:I
Incomplete outcome data (attrtion bias) (NN
Selective reporting (reporting bizs)
omeroizs [NNNNNNN ]
0% 25% 50% 75%  100%
. Low risk of bias |:| Unclear risk of bhias . High risk of hias
@
B £
+1]
7 E 3
* o =
= E S
S ... &8 8 .
= W e [ w
2 ®© @ W S
s 8 E &8 8 _
2 5§ 3 £ & 8
g b @ £ = =
= 2 =2 5 F 2
o] ® T w ~= £
; [z < ) o3 =
c = & o 5 2
@ E %] [Z R4 =3
o> @ T O 0© o
Pt E @ @ Q -—
S § 2 £ £ o
S o 2 © § £
o e — = - =
= £ © 3 2 8
@ o o o 2
o — — @ @
® & © © 3 s 8
E & =@ =@ g £ 35
o ® £ £ £ B 4
'g pxy = = S [ @
s 2 £ £ & § £
X =« @ @ £ w®w O
Benzing2020 | ® | ® | @ |? | ® | D | ®
Butier200: (@ | @ (@ |2 | ®(® | ®
conkin2015 | @ O (G (O | @S| S
conkin2017 | @ | ® | O | ® | ® | ® | ®
deRuiter2016 | @D [ D | O | ® | ® | S [ ®
Harey2013 (@ | ® | ® | | ® (O | 2
Hocking2019 | @ | @ (@ |2 | ® | @ | 2
Mendoza2019 | @ | ® G ([ ® (S | @ | 2
n Moore2012 | @ | D (@ |2 (@@ 2

Figure 2: (a) Summary of risk of bias assessment. (b) Risk of bias assessment of each RCT

DISCUSSION

This meta-analysis summarizes direct comparisons of the
effects of neurocognitive rehabilitation interventions on
objective cognition and intellectual outcomes for pediatric
cancer survivors. Neurocognitive rehabilitation consists
of cognitive remediation, compensation, and education
components.® The pooled intervention effect size ranged from
0.81 to 3.86 postintervention. The age range of pediatric cancer
survivors in this study was 6 to 18 years. During this critical
stage of brain development, any insult from central nervous

system lesions or toxic agents, such as chemotherapy, to the
developmental neural networks of the brain would have a
more severe and dynamic effect on the pediatric brain than it
would on the brain of an adult cancer survivor.?

A previous review summarized all possible interventions for
cognitive dysfunction in pediatric cancer survivors.? This
meta-analysis provides additional quantitative evidence on
the effects of neurocognitive rehabilitation interventions in
managing the cognitive outcomes of pediatric cancer survivors.
As indicated by Hocking et al.,* cognitive remediation with
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Figure 3: (a) Working memory at postintervention assessment. (b) Working memory at 3/6-month follow-up assessment. (c) Change in working
memory from postintervention to follow-up assessment
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Figure 4: (a) Attention at postintervention assessment. (b) Attention at 3/6-month follow-up assessment
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Heterogeneity: Chi*= 1.54, df= 2 (P = 0.46); F= 0% S 3 3

Favours control Favours intervention

m Test for overall effect: Z=14.74 (P < 0.00001)

Figure 5: (a) Executive functioning at postintervention assessment. (b) Executive functioning at 3/6-month follow-up assessment
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Experimental Control
Study or Subgrou Mean SD Total Mean

Heterogeneity: Chi= 5.18, df = 5 (P = 0.39); F= 4%
Test for overall effect: Z= 24.06 (P < 0.00001)

Experimental Control
Study or Subgrou Mean SD Total Mean

Heterogeneity: Chi*=1.16, df= 4 (P = 0.88), F=0%
mTesl for overall effect: Z=12.20 (P < 0.00001)

SD Total Weight
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Mean Difference

Butler 2008 235 381 108 -065 488 53 33%
Conklin 2015 99.33 343 30 9432 291 32 3.0%
Conklin 2017 99.33 1879 30 9432 1645 32 01%
de Ruiter 2016 9516 19.22 34 9271 1818 37 01%
Mendoza 2019 1313 064 34 981 055 34 93.4%
Moore 2012 28 1158 15 -35 1045 17 01%
Total (95% ClI) 251 205 100.0%

SD Total Weight

V. Fixed, 95% CI
3.00 [1.50, 4.50] —_

5.01 [3.42, 6.60]
5.01-3.80,13.82)
2.4516.27,11.17)

3.32(3.04, 3.60] [
6.30 -1.38, 13.98) —
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Conklin 2017 1005 2045 30 94.69 17.01 32 01%
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Total (95% CI) 220 171 100.0%
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1.67 [1.40,1.94] ]
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Figure 6: (a) Academic/intellectual performance at postintervention assessment. (b) Academic/intellectual performance at 3/6-month follow-up

assessment

pediatric cancer survivors is a burgeoning area, and innovative
intervention approaches are needed to enhance pediatric cancer
survivors’ cognitive outcomes. Indeed, technology-enabled
interventions would increase their accessibility to cancer
survivors.?” A recent review recommended integrating machine
learning and blockchain technologies into cancer care.®®
Hopefully, future research can apply these two most promising
technologies to cognitive dysfunction management for pediatric
cancer survivors, as globally there is an obvious trend of
incorporating cutting-edge technologies into cancer care.

Although neurocognitive rehabilitation had positive effects on
cognitive and intellectual outcomes in pediatric cancer survivors,
the rehabilitation mechanism is largely unknown. Kesler et al.!**
conducted a single-arm trial of a cognitive rehabilitation program
with pediatric cancer survivors and explored the possible
intervention mechanism of this program on the cognitive
dysfunction of this study population. This study suggested a
possible rehabilitation mechanism that changes functional brain
networks and enhances functional brain connectivity**! Some
intervention research on adult cancer survivors also confirmed
this possible rehabilitation mechanism.?=% Van der Gucht
et al.PY examined the effects of a mindfulness intervention on
cancer-related cognitive impairment and explored the potential
mechanism in adult survivors of breast cancer. They found that
a mindfulness intervention has positive effects in terms of
improving the cognitive functioning of adult cancer survivors
and possibly enhancing the functional connectivity between
dorsal and salience attention networks. Therefore, more research
is required to explore the possible mechanisms of neurocognitive
interventions in managing cognitive dysfunction and develop
precision intervention strategies for ameliorating cognitive
dysfunction among pediatric cancer survivors.

The limitations of this meta-analysis should be considered. The
sample sizes in most RCTs in the meta-analysis were relatively
small (20—161 subjects), thus limiting the generalizability of the

2064

findings. Most of the nine included trials conducted a short-term
follow-up assessment of cognitive and intellectual outcomes.
Hence, the long-term effects of neurocognitive rehabilitation
interventions on pediatric cancer survivors are largely unknown.
This, in part, may be due to practical issues, including limited
available resources and a limited time frame for conducting the
original study. Yet, future research should explore long-term
changes among pediatric patients as a result of neurocognitive
rehabilitation interventions for cognitive dysfunction.

CONCLUSION

This meta-analysis found that neurocognitive rehabilitation
interventions improve the working memory, attention,
and executive functioning of pediatric cancer survivors at
postintervention and short-term follow-up. Neurocognitive
rehabilitation also has positive effects on this study
population’s academic/intellectual performance during a
vulnerable period in their development. Future research
assessing long-term outcomes and employing larger sample
sizes could confirm these positive effects of neurocognitive
interventions for pediatric cancer survivors.
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APPENDIX 1 SEARCH STRATEGY IN DATABASES

PUBMED|EMBASE|SCOPUS|PSYCHINFO search strategy

1.

O XN Uk W

10.
11.
12.
13.
14.
15.

exp Neoplasms/or exp Bone Marrow Diseases/or exp Bone Marrow Transplantation/or exp Stem Cell Transplantation/or
exp Radiotherapy/or exp Chemotherapy, Adjuvant/or exp Antineoplastic Combined Chemotherapy Protocols/or exp Salvage
Therapy/or exp Palliative care/

(neoplasms* or cancer* or tumour® or tumor® or malignan* or carcino* or lymphoma* or adenocarcinoma* or radioth* or
radiat® or irradiat* or radiochemo® or chemotherap* or (bone adj marrow adj5 transplant®)).mp.

lor2

exp cognitive impairment

(cognitive dysfunction® or “cognition disorders”[Mesh]) or cognition disorders)).mp.

4or5

exp psychology, social/or exp psychotherapy

(psychosocial$ or psycho-social$).mp.

(counsel$ or (behaviour$ adj4 therap$) or “training” or (behavior$ adj4 therap$) or (relax$ adj4 therap$) or (relax$ adj4
treatment$) or (support$ adj4 group$) or imagery or “energy conservation” or “stress management” or psychotherapy$ or
“self-care” or “self-help” or biofeedback or educati$ or psychoeducat$ or relaxation therap$ or “nursing intervention” or
“nursing support”).mp.

17. or 7-9 (Psychosocial Interventions)

Randomized controlled trial.pt.

controlled clinical trial.pt.

pediatric*

childhood

or 11-14.





