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Abstract
Purpose  Advances in multidisciplinary treatment of childhood brain tumors have significantly prolonged survival and 
reduced treatment-related complications. This makes the accessibility of digital neurocognitive assessment an important 
issue in the post-pandemic era.
Methods  Twenty pediatric brain tumor patients were recruited between August 2023 and August 2024, and a total of eight 
standardized Cambridge Neuropsychological Test Automated Battery (CANTAB) tests targeting executive function, mem-
ory, and attention were applied on a digital system. Subjects with test data exceeding the 5th and 95th percentile ranges were 
defined as outlier in this context. Three domains (DMS, PAL, SWM) of the normative data for adult patients provided by 
CANTAB test were used for comparison. Mann-Whitney U test was used to compare differences in treatment modalities 
and age groups.
Results  Four patients (4/20, 20%) exhibited impairments across four to six cognitive domains, with more than 14 sub-items 
falling outside the 5th and 95th percentiles.Another 7 patients (7/20, 35%) had impairments confined to a single domain, 
even though 4 out of 7 (57%) had a total IQ above 100. The subtle neurocognitive impairment of different domains can be 
effectively identified by automatic digital threshold analysis and reasonably associated with clinical characteristics. The 
normative data provided by the CANTAB battery for adult populations further enhances the accuracy of detecting neuro-
functional impairments.
Conclusion  The CANTAB test was shown to be an evaluable and user-friendly neurocognitive assessment tool for post-
treatment follow-up in pediatric patients with brain tumors.

Keywords  Cambridge Neuropsychological Test Automated Battery (CANTAB) · Neuropsychological assessment · 
Pediatric brain tumor · Neurocognitive dysfunction · Executive function test
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Introduction

Pediatric patients with brain tumors (BTs) are at high risk 
for neurocognitive impairment, either due to the tumor 
itself or because of treatments such as surgical intervention, 
chemotherapy or radiotherapy [1–3]. Several studies have 
shown harmful effects of radiation therapy on neurocogni-
tive function, particularly in younger patients [3–8]. Some 
studies indicated that certain patients experience neurologi-
cal dysfunction prior to treatment, which may be related 
to the tumor’s location [3, 9, 10]. These patients also often 
exhibit varying degrees of emotional and behavioral prob-
lems, leading to poor social adaptation and academic perfor-
mance, which continue to profoundly affect their lives after 
treatment [9, 11]. Another study found that neurocognitive 
function declined significantly five years after radiotherapy, 
with factors such as younger age at diagnosis and treatment, 
tumor location in a susceptible brain area, and an intensive 
treatment process contributing to worse performance [3].

There have been various advances in the treatment of 
childhood brain tumors in recent years, aimed at extending 
patient survival rates and reducing treatment side effects [3, 
6]. Numerous studies have focused on assessing neurocog-
nitive function, with the goal of evaluating patients’ long-
term neurological prognosis and improving their quality of 
life [1, 2, 4–8, 11–25]. In recent decades, online assessment 
systems have been developed [6, 26]. During the COVID-19 
outbreak, the demand for online assessments grew rapidly. 
This approach offers many benefits, particularly in areas 
with a shortage of professionals, as well as for patients who 
may find it inconvenient to travel to and from the hospital.

The Cambridge Neuropsychological Test Automated 
Battery (CANTAB) is a computerized neuropsychological 
assessment battery developed in the 1980s by Professors 
Trevor Robbins and Barbara Sahakian at the University 
of Cambridge, inspired by their research on neuropsycho-
logical deficits in neurological and psychiatric conditions. 
CANTAB is a highly credible cognitive assessment tool, 
offering advantages such as sensitivity to subtle changes 
[27], reduced biases, and efficiency in administration com-
pared to traditional paper-and-pencil tests [28]. It is espe-
cially valuable for clinical and research settings requiring 
precision and scalability. CANTAB offers a range of tasks 
designed to evaluate patients’ executive functions, memory, 
and attention—areas that are of significant concern for fam-
ilies regarding cognitive function prognosis.

In recent years, several studies have utilized the CAN-
TAB battery to assess pediatric brain tumor patients for 
monitoring cognitive function in children and evaluating the 
effectiveness of rehabilitation programs aimed at enhanc-
ing cognitive abilities [29–31]. One study uses 5 CAN-
TAB subtests, including Motor Screening (MOT), Pattern 

Recognition Memory (PRM), Spatial Span (SSP), Stocking 
of Cambridge (SOC), Spatial Working Memory (SWM), 
and Rapid Visual Information Processing (RVP) to evaluate 
cognitive function of patients who had survived posterior 
fossa tumors. The study found that the CANTAB tests were 
sensitive to the effects of rehabilitation training, particu-
larly in areas of working memory and processing speed. For 
example, the RVP test, which measures speed of processing, 
showed significant improvement after training [29].

The other study utilized 5 CANTAB subtests including 
Rapid Visual Information Processing (RVP) and Match to 
Sample Visual Search for attention (MTS), Simple Reac-
tion Time (SRT) and Choice Reaction Time (CRT) for pro-
cessing speed, and Delayed Matching to Sample (DMS) for 
short-term memory. The key finding was that group exercise 
training significantly decreased reaction time (RT), while 
there was no significant change in accuracy. This reduction 
in RT was associated with increased white matter fractional 
anisotropy (FA) and hippocampal volume, and these effects 
were observed with carryover after training ended. Notably, 
the group training setting showed more cognitive benefits 
than combined group/home-based training. These results 
suggest that CANTAB is a valuable tool for monitoring cog-
nitive function and evaluating the effectiveness of cognitive 
rehabilitation in this population [31].

In order to evaluate the accessibility of digital CANTAB 
neurocognitive testing in pediatric brain tumor patients at 
MacKay Children’s Hospital, we administered a total of 
eight tests focusing on executive function, memory, and 
attention during the follow-up post-treatment periods. In 
addition, we collected comprehensive clinical information 
from the patients and conducted analyses of the test out-
comes. The primary objective of this study is to verify the 
applicability of CANTAB for evaluating the neurocognitive 
functions of pediatric brain tumor patients and to identify 
potential neurocognitive dysfunction in this population 
receiving various treatment modalities.

Materials and methods

After being approved by the Institutional Review Board (IRB 
No.22MMHIS431e), the study enrolled 20 stable cases of 
children with brain tumors after treatment between August 
2023 and August 2024. This assessment was performed in 
an independent outpatient setting. Each assessment lasted 
about one and a half hours. The participating children were 
accompanied by a well-trained assistant and reminded ver-
bally when they needed help. The Computerized Cambridge 
Neuropsychological Test Automated Battery (CANTAB) 
cognitive assessment is a digital system and comprises a 
total of eight standardized tests targeting executive function, 
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memory, and attention. The testing system was purchased 
and available for limited patient licensing, which included 8 
specific assessments of delayed matching to sample (DMS), 
paired associates learning (PAL), pattern recognition mem-
ory (PRM), and verbal recognition memory (VRM) for the 
memory domain; multi-tasking test (MTT), spatial working 
memory (SWM), and stop signal task (SST) for executive 
function; and rapid visual information processing (RVP) 
to evaluate attention. A detailed description of the CAN-
TAB subtest results is provided in Supplementary Table 1. 
The diagram in Fig. 1 includes images of three CANTAB 
subtests, highlighting key components of the assessment 
process. The clinical neurological symptoms and signs, 
detailed demographics data and available intelligence test 
results were subsequently analyzed.

When the participating children completed the CAN-
TAB subtests on an iPad, following auditory instructions 
provided by the system, the assistant accompanied them to 
ensure the smooth administration of the tests. The CANTAB 
system automatically generated the test results.

Statistical analysis

The demographic data of all patients were presented as 
descriptive statistics, which including age, sex, type and 
location of tumors, and treatment modalities such as hydro-
cephalus management, chemotherapy, radiotherapy, and 
surgical intervention for tissue confirmation. Seventeen 
patients had available IQ test values which were recorded. 
For each subset of data of CANTAB test results, we calcu-
lated the median, 25th and 75th percentiles, as well as the 
5th and 95th percentiles as a reference benchmark. Subjects 
with test data exceeding the 5th and 95th percentile ranges 
were defined as outliers in this context. The units mentioned 
in the text are as follows: milliseconds (ms) for response 
latency, percentage (%) for accuracy or error rates, and 
number for counts of correct responses or errors. Given the 
non-homogeneous distribution of the data, to compare two 
groups such as those with or without surgical biopsy, with 

or without chemotherapy, with or without radiotherapy, 
age ≥ 18 years or < 18 years, age ≥ 16 years or < 16 years, 
and with or without surgery due to hydrocephalus based 
on CANTAB results, we employed the Mann-Whitney U 
test for comparison. All the analyses were conducted using 
SPSS Statistics for Windows, version 26.0.

Results

Clinical characteristics

The basic patient profile is presented in supplementary 
Table 2. The cohort consisted of 16 males and 4 females, 
with a median age of 13.5 years (range 6 to 20) at the time of 
diagnosis and a median age of 16 years (range 10 to 22) for 
the first assessment. The median interval between diagnosis 
and the first evaluation was 2 years (range 1 to 7), indicat-
ing that 65% of patients underwent first testing in less than 
2 years after diagnosis. Tumor types included 10 patients 
with germ cell tumors, 4 with craniopharyngiomas, 2 with 
gangliogliomas, and 4 with other high-grade (grade 3 and 
grade 4) brain tumors. Tumors were primarily located in 
the suprasellar region, pineal area, diencephalon, and mid-
brain. Notably, 7 out of 20 patients (35%) required surgical 
intervention due to hydrocephalus, and 14 patients out of 20 
patients (70%) underwent surgery for tissue confirmation.

Regarding treatment, 14 patients (14/20, 70%) received 
chemotherapy, and 16 patients (16/20, 80%) underwent 
radiotherapy, with details of the radiation field presented in 
Table 1.

Results of CANTAB test for patients with brain tumor

We summarized several sub-items across each domain, 
presenting the median and 25th to 75th percentile val-
ues in Table 2. To identify patients with prominent neuro-
cognitive impairments, we also included the 5th and 95th 

Fig. 1  Photographs of 3 CANTAB subtests. (A) the DMS task, (B) the PAL task, and (C) the SWM task, respectively. DMS: Delayed Matching to 
Sample; PAL: Paired Associates Learning; SWM: spatial working memory; Adapted with permission from Cambridge Cognition
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Of these seven patients, four (57%) had a total IQs above 
100 (ranging from 102 to 107), demonstrating the test’s 
sensitivity in detecting subtle but clinically significant neu-
rocognitive vulnerabilities, even in patients with higher 
baseline cognitive abilities. A detailed description of the 
CANTAB subtest results for these patients is provided in 
Supplementary Table 3.

Summary of clinical characteristics and CANTAB 
data in significantly impaired patients

Case 1: patient number 5

This 20-year-old male was diagnosed with a germinoma 
located in the suprasellar and pineal regions in January 
2023. He underwent six cycles of chemotherapy using the 
JEB protocol, followed by whole-ventricle radiotherapy 
(30 Gy) completed in June 2023. His symptoms included 
blurred vision and dizziness, with diabetes insipidus and 
panhypopituitarism subsequently identified through thor-
ough evaluation.

Academically, his performance was in the lower-middle 
range, and his studies were previously interrupted. Cogni-
tive assessment revealed a total IQ of 55, with a working 
memory score of 65 (PR = 1) and a processing speed score 
of 50 (PR < 0.1).

The CANTAB results demonstrated widespread impair-
ments across memory, attention, processing speed, and 
executive function. The patient exhibited slower and more 
variable response times, increased error rates, and reduced 
accuracy across multiple tasks. These findings suggest sig-
nificant difficulties in efficiently retaining, recalling, and 
processing information. The observed deficits may be asso-
ciated with dysfunction in hippocampal regions (memory), 
attentional control networks, or frontal lobe-mediated exec-
utive processes.

Case 2: patient number 7

This 12-year-old boy was diagnosed with a multilobulated 
craniopharyngioma involving the suprasellar region and 
septum pellucidum in March 2018. He underwent five surgi-
cal interventions and gamma knife radiotherapy. The patient 
had hypothyroidism, diabetes insipidus, and adrenal insuf-
ficiency, all managed with medication. He also presented 
with left eye blindness and a right-eye visual field defect 
affecting the lateral 1/4. Additional ocular findings included 
optic atrophy (OS) and myopia with myopic astigmatism 
(OU).

Neurocognitive evaluation revealed widespread impair-
ments across memory, attention, and executive functions. 
Poor performance in the Delayed Matching to Sample 

percentile values, highlighting sub-items that fell outside 
these thresholds.

Our primary goal was to demonstrate that the test effec-
tively reveals neurocognitive vulnerabilities in patients 
and aligns with clinical symptoms. Four patients exhibited 
impairments across four to six cognitive domains, with 
more than 14 sub-items falling outside the 5th and 95th 
percentiles, as detailed in Table 3, with further descriptions 
provided in the following sections.

Among the remaining 16 patients, seven had impair-
ments confined to a single domain, which included:

	● Four patients with deficits in executive function (MTT, 
SST, SWM),

	● Two patients with deficits in visual memory and atten-
tion (DMS),

	● One patient with deficits in verbal memory (VRM).

Table 1  Demographic data of the enrolled 20 subjects
Age at diagnosis, median, range (years) 13.5 

[6–20]
Age at first evaluation, median, range 16 [10–22]
Interval between diagnosis and first evaluation, 
median, range

2 [1–7]

sex, male to female 16 to 4
Type of tumor (N, %)
Germ cell tumor 10 (50.0%)
Craniopharyngioma 4 (20.0%)
Ganglioglioma 2 (10.0%)
High grade tumor, grade 3 and 4 4 (20.0%)
Tumor location (N, %)
Suprasellar 9 (25.0%)
Pineal region 7 (19.4%)
Diencephalon 7 (19.4%)
Brainstem 6 (16.7%)
White matter 3 (8.3%)
Cerebellum 2 (5.6%)
Basal ganglia 1 (2.8%)
Cortex 1(2.8%)
Treatment (N,%)
Hydrocephalus with shunting 7 (35.0%)
Surgery 14 (70.0%)
Chemotherapy 14 (70.0%)
Radiotherapy 16 (80.0%)
Radiation fields ( N, %)
Primary 5 (25.0%)
WVI + primary site 4 (20.0%)
WVI 3 (15.0%)
CSI + primary site 2 (10.0%)
WBI + primary site 2 (10.0%)
No radiotherapy 4 (20.0%)
Radiation dose, mean, range (Gy) 30.6 ± 

[23–66]
Abbreviation: CSI: craniospinal irradiation; WBI: whole brain irra-
diation; WVI: whole ventricle irradiation
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Assessment Median (P25 – P75) (P5 – P95)
DMS

Mean Choices to Correct 1.1 (1.05–1.2) (1-1.59)
Median Correct Latency 2651 (2000.75-3326.88) (1251.83-3767.55)
Mean Correct Latency 2875.26 (2329.74-3419.91) (1546.32-4094.23)
Percent Correct
(simultaneous presentation and all delays) 90 (80–95) (60.75–100)
(0 s delay) 100 (80–100) (61–100)
(4 s delay) 90 (80–100) (41–100)
(12 s delay) 80 (65–100) (40–100)
(all delays) 87 (80-98.25) (54–100)
(simultaneous) 100 (80–100) (61–100)
Probability of Error Given Correct 0.12 (0.01–0.25) (0-0.41)
Probability of Error Given Error 0 (0-0.24) (4 missing data due to no errors)
Total Correct 18 (16–19) (12.15-20)

MTT
Reaction latency (mean) for correct trial 582.29 (527.59-638.24) (401.66-712.19)
Reaction latency (median) for correct trial 521.75 (489.25–596) (373.48-653.25)
Reaction latency (SD) for correct trial 209.42 (157.23-223.57) (75.25-343.86)
Mean response latency (direction of arrow) 534.75 (483.98-572.67) (428.09-692.65)
Mean response latency(direction of stimulus) 612.91 (580.98-698.02) (452.79-737.08)
Standard deviation of response latency (both rules) 214.58 (163.18-253.86) (76.33–391.20)
Standard deviation of response latency (incongruent trials) 191.64 (163.74–238) (70.1-400.18)
Median response latency (side blocks) 404.25 (373.13-452.25) (339.23-654.95)
Median response latency (side of screen) 466.75 (412.63–523) (340.5-670.15)
Multitasking block errors 9 (5.25–15.25) (1.05–21.8)
Multitasking cost (median) 165.75 (101.13-213.75) (-15.15-298.65)
Side block errors 0 (0–1) (0-3.9)
Single Task block errors 2 (1.25–3.75) (0-10.85)
Total correct 146.5 (140.25-154.25) (132.1-157.95)

PAL
First Attempt Memory Score 16 (14.25-17) (7.2–19.9)
Total Attempts 6 (5–7) (4.05–7.95)
Total Errors (Adjusted) 5.5 (3.25–7.75) (0.1–43.6)

PRM
Correct Latency (SD)-delayed choice 574.28 (363.33-998.29) (211.56-1775.87)
Correct Latency (SD)-immediate choice 432.51 (278.86-1026.2) (110.16-1939.08)
Mean Correct Latency-delayed choice 1836.96 (1607.8-2223.68) (1026.45-3389.28)
Mean Correct Latency-immediate choice 1687.69 (1494.75-1965.95) (1044.73-4417.29)
Median Correct Latency-delayed choice 1716.25 (1529-1996.13) (968.25-2760.73)
Median Correct Latency-immediate choice 1517.5 (1373.88-1906.75) (1034.35-4172.95)
Percent Correct Delayed 87.5 (77.08–91.67) (50.83–100)
Percent Correct Immediate 100 (91.67–100) (75.42–100)

RVP
A prime 0.97 (0.97–0.99) (0.93–0.99)
Response Latency (SD) 103.2 (68.41-141.57) (41.83-246.54)
Median Response Latency 391.75 (354-439.5) (273.75-570.05)
Total False Alarms 4.5 (1-7.75) (0-50.9)
Total Hits 50 (46–53) (42.05-54)
Total Misses 4 (1–8) (0-11.95)

SST
Direction Errors: Go Trials 2.5 (0.25–7.5) (0-47.6)
Direction Errors: Stop Trials 40 (37.25-44) (33.05–56.5)
Median RT: Go Following Stop 593.25 (504-649.25) (580.78-750.23)
Missed Trials 4 (2-7.25) (0.05–37.55)
Stop Signal Reaction Time 265.25 (249.13–288.4) (169.81-424.65)

Table 2  Results of CANTAB test for patients with brain tumor
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in response latencies, heightened susceptibility to interfer-
ence, and poor performance on tasks assessing memory and 
multitasking abilities. These findings highlight difficulties 
in cognitive flexibility, inhibitory control, and memory con-
solidation, suggesting dysfunction in frontal and hippocam-
pal regions critical for these processes.

Case 4: patient number 17

This 14-year-old girl was diagnosed with a germinoma in 
February 2020, involving the basal ganglia, corona radiata, 
corpus callosum, septum pellucidum, bilateral frontal horn 
ventricular walls, internal capsule, hypothalamus, optic 
chiasm, and upper infundibular stalk. She had long-term 
symptoms, including growth retardation, diabetes insipidus, 
declining academic performance, and impulsive behavior 
with hyperactivity. Her recent symptoms prior to diagnosis 
included blurred vision, dizziness, headaches, and vomiting.

The patient underwent six cycles of chemotherapy with 
the JEB protocol, followed by whole-brain proton radiother-
apy to a total dose of 54 Gy. She has panhypopituitarism and 
ADHD, both requiring medical management. She received 
traditional neuropsychological assessment which revealed 
notable deficits in multitasking, disinhibited behavior, and 
impairments in both visual and verbal memory, particularly 
in immediate recall and recognition tasks.

CANTAB testing indicated significant impairments 
across multiple cognitive domains, including processing 
speed, attention, response inhibition, working memory, and 
episodic memory. The results showed increased response 

(DMS), Paired Associates Learning (PAL), and Rapid Visual 
Processing (RVP) tests, when compared to other patients, 
highlighted deficits in cognitive functioning. These impair-
ments included slowed and inconsistent response times, dif-
ficulties in retaining and recalling information, increased 
susceptibility to errors, and impulsive responses. The 
observed pattern suggested dysfunction in the hippocampal-
dependent memory processes, prefrontal cortex-mediated 
executive functions, and attentional control networks.

The patient’s left eye blindness and right-eye visual field 
defect further compromised visual processing capabili-
ties, potentially exacerbating difficulties in cognitive tasks 
requiring efficient visual input and integration.

Case 3: patient number 8

This 20-year-old male was diagnosed with a suprasellar 
germinoma in June 2021. His symptoms included blurred 
vision, dizziness, headaches, vomiting, tremor, unsteady 
gait, weight loss, diabetes insipidus, and right oculomotor 
nerve palsy caused by increased intracranial pressure due 
to obstructive hydrocephalus. He underwent surgical inter-
vention followed by six cycles of chemotherapy with the 
JEB protocol, and subsequently, whole-brain radiotherapy 
to a total dose of 31 Gy. He graduated from vocational high 
school and is currently employed at a convenience store. 
His total IQ was assessed at 77.

Neurocognitive evaluation revealed impairments in sus-
tained attention, response inhibition, working memory, and 
episodic memory. The patient exhibited increased variability 

Assessment Median (P25 – P75) (P5 – P95)
SWM

Between Errors (4,6,8 boxes) 10 (1.25–16.75) (0-24.8)
Between errors 8 boxes 5.5 (0.25-10) (0-18.9)
Strategy (6–8 boxes) 8 (7–10) (3-11.95)
Strategy (6–12 boxes) 15 (11.25–17.75) (6-22.8)
Total Errors 10 (1.25–16.75) (0-24.8)

VRM
Delayed: Correct to Distractors 16.5 (14.25-17) (10–18)
Delayed: Correct to Stimuli 16 (14.25-17) (9-17.95)
Delayed: Incorrect to Distractors 1.5 (1-3.75) (0–8)
Delayed Recognition 31 (28.5–33) (24.1-34.95)
Free Recall 5 (3–6) (2-13.7)
Free Recall: Novel Words 0 (0–1) (0-2.95)
Free Recall: Perseverations 0(0–0) (0-2.9)
Immediate: Correct to Distractors 17 (14.25-18) (10.05-18)
Immediate: Correct to Stimuli 15 (14–16) (12–18)
Immediate: Incorrect to Distractors 1 (0-3.75) (0-7.95)
Immediate Recognition 32 (29–33) (24.15-35)

Abbreviation: DMS: Delayed Matching to Sample; MTT: Multitasking Test; PAL: Paired Associates Learning; PRM: Pattern Recognition 
Memory; RVP: Rapid Visual Information Processing; SST: Stop Signal Task; SWM: Spatial Working Memory; VRM: Verbal Recognition 
Memory; P25: 25 percentile; P75: 75 percentile; P5: 5 percentile; P95: 95 percentile

Table 2  (continued) 
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Patient number CANTAB results falling outside 5 percentile or 95 percentile (ms) CANTAB evaluation 
conclusion

Clinical 
description

5 DMS:
Correct Latency Standard Deviation (SD) (simultaneous and all delays): 
2245.0333
Correct Latency(SD) (simultaneous): 3819.5266
Median Correct Latency (4 s delay):5954
Mean Correct Latency (4 s delay):5654.3333
Mean Correct Latency (simultaneous): 4787
PAL:
Total Errors: 17
Total Errors 8 Patterns: 17
PRM:
Correct Latency (SD)-delayed forced-choice: 1787.99
Correct Latency (SD)-immediate forced-choice: 1947.83
Mean Correct Latency-delayed forced-choice: 3418.92
Mean Correct Latency-immediate forced-choice: 4467.55
Median Correct Latency-delayed forced-choice: 2786.5
Median Correct Latency-immediate forced-choice: 4238
RVP:
Median Response Latency: 561.5
Probability of False Alarm: 0.0946
Total False Alarms: 51

Visual memory impairment, 
attention deficit

Intellectual 
disabil-
ity (total 
IQ = 55, 
working 
memory 
65 (PR1), 
process-
ing speed 
50(PR < 0.1)

7 DMS:
Mean Choices to Correct: 1.6
Percent Correct (simultaneous presentation and all delays): 60
Percent Correct (12 s delay): 40
Percent Correct (4 s delay): 40
Percent Correct (all delays): 53
Probability of Error Given Correct: 0.4167
Total Correct (simultaneous presentation and all delays): 12
Total Correct (12 s delay): 2
Total Correct (4 s delay): 2
Total Correct (all delays): 8
Total Errors (simultaneous and all delays): 8
Total Errors (all delays): 7
Error (simultaneous and all delays, incorrect colour): 5
Error (all delays, incorrect colour): 5
Error (simultaneous and all delays, distractor): 2
Error (all delays, distractor): 2
MTT:
Side block errors: 4
PAL:
First Attempt Memory Score: 7
Number of Patterns Reached: 6
Total Attempts 2 Patterns: 2
Total Attempts 6 Patterns: 4
Total Errors: 17
Total Errors 2 Patterns: 1
Total Errors 6 Patterns: 16
Total Errors (Adjusted): 45
Total Errors 2 Shapes (Adjusted): 1
Total Errors 6 Shapes (Adjusted): 16
Total Errors 8 Shapes (Adjusted): 28
RVP:
Response Latency (SD): 250.0886
Probability of False Alarm: 0.0909
Total False Alarms: 49

Visual memory impairment, 
attention deficit

optic 
atrophy, left 
eye near 
blindness, 
right 1/4 
visual field 
defect

Table 3  Patients with CANTAB results outside the 5th or 95th percentile
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neurocognitive dysfunction, particularly in areas of impul-
sivity, attention, and memory, makes it a valuable tool for 
capturing the effects of neurological impairments on cogni-
tive performance.

Comparison of normative dataset and age factors in 
CANTAB Testing

This test includes normative data for subjects over 18 years 
across several items in 3 domains (DMS, PAL, SWM) which 
were listed in Table 4. Comparative values were available 

variability, slower reaction times, and higher error rates in 
multitasking and memory tasks. These findings suggested 
dysfunction in the prefrontal cortex, hippocampus, and asso-
ciated neural networks. The patient exhibited difficulties 
in sustaining attention, suppressing impulsive responses, 
managing working memory, and retrieving information effi-
ciently, consistent with her clinical history and underlying 
condition.

These case examples highlight the sensitivity of the 
CANTAB test to specific neurocognitive impairments that 
align with clinical symptoms. This test’s ability to identify 

Patient number CANTAB results falling outside 5 percentile or 95 percentile (ms) CANTAB evaluation 
conclusion

Clinical 
description

8 DMS:
Probability of Error Given Error: 0.5
MTT:
Congruent errors: 6
Incongruency cost (mean): 124.29
Standard deviation (SD) of the response latency to the stimulus: 334.31
SD of the response latency (both rules): 391.97
SD of the response latency (incongruent trials): 403.77
SD of the response latency (all corrects): 344.98
SST:
Mean Failed Stop RT Increases: 0
SWM:
Between errors 4 boxes: 3
Total errors 4 boxes: 3
VRM
Delayed: Correct to Distractors: 10
Delayed: Incorrect to Distractors: 8
Delayed Recognition: 24
Free Recall: Perseverations: 3

Executive function impair-
ment (Prominent), Memory 
function impairment (verbal 
more prominent), attention 
deficit

Boarderline 
cogni-
tive delay 
(total IQ: 
77,language 
comprehen-
sion: 70, 
working 
memory: 
75)

17 MTT:
SD of the response latency (congruent): 338.2
Mean response latency to the direction of the arrow: 694.35
Median response latency to the direction of the arrow: 670.5
SD of the response latency to the direction of the arrow: 211.74
SD of the response latency to the direction of the stimulus: 325.96
Mean response latency to the side of the screen: 690.03
Median response latency (side blocks): 654
SD of the response latency to the side of the screen: 301.54
Median response latency (side of screen): 654
Mean response latency (single task blocks): 692.22
Median response latency (single task blocks): 670
SD of the response latency (single task blocks): 258.3
MTT Multitasking cost (median): -16
Commission errors: 1
PRM:
Percent Correct Immediate: 75
RVP:
Median Response Latency: 570.5
SST:
Mean Failed Stop RT Increases: 0
Missed Trials: 39
SWM:
Between errors 8 boxes: 19
Total errors 8 boxes: 19
VRM:
Delayed: Correct to Stimuli: 9

Executive function 
impairment(prominent), 
Memory function impair-
ment (verbal and visual), 
attention deficit

Prominent 
verbal and 
visual meo-
mory deficit 
(< 0.1 
percentile), 
hyperactive 
and inatten-
tion, total 
IQ = 100

Table 3  (continued) 
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Discussion

The CANTAB test has been utilized across various neu-
ropsychological disorders in both adults [35–37] and ado-
lescents [38, 39], with increasing applications in children 
[32, 33, 38–40], including Attention Deficit Hyperactivity 
Disorder(ADHD) [41–43] and Autism Spectrum Disorder 
(ASD), even for pediatric brain tumor patients in recent 
years [29–31]. While normative values for adults has been 
established [44], studies addressing normative values for 
children remain sporadic [32, 34, 38, 39]. This study aims to 
broaden application of the CANTAB test to assess multiple 
domains of neurocognitive function—including attention, 
executive function, and memory—specifically in pediatric 
brain tumor patients.

We analyzed the raw data from 20 patients and identified 
notable disparities exceeding age-related expectations. To 
minimize the risk of over-interpretation, we defined the 5th 
and 95th percentile ranges and flagged values falling outside 
this range. Additionally, we recorded the number of cogni-
tive domains in which each patient exhibited significantly 
abnormal results compared to others. These abnormalities 
indicated relatively weaker abilities and highlighted func-
tional deficits that warranted attention.

We analyzed the neurocognitive data of patients by 
comparing groups based on treatment modalities (radia-
tion or chemotherapy), presence of hydrocephalus, surgical 
intervention, and age at diagnosis. Statistical differences 
were notably observed only within the age-at-diagnosis 
comparisons, revealing that late adolescents demonstrated 
higher accuracy and shorter reaction times compared to 
younger patients. Conversely, during the Pattern Recogni-
tion Memory test, older patients exhibited longer correct 
latencies. Clinical observation indicated that adults tended 
to take more time to confirm their recognition of patterns, 
while responding more quickly on time-sensitive tests such 
as RVP, SST, and MTT. Notably, 17 out of 20 patients dis-
played at least one sub-item result that fell outside the 5th 
or the 95th percentile, with five of those patients having 

for six patients, three of whom (Patient numbers 3,13,16) 
scored within the normal range. Two patients (Patient num-
bers 5 and 15) with intellectual disability (total IQ scores 
of 55 and 63) displayed similar patterns of compromised 
performance in the DMS domain.

Additionally, patient number 8, with an IQ score of 77, 
showed a DMS Probability of Given Error of 0.5 (5th per-
centile), which indicated the patient had a 50% chance that if 
he made one error, he would make another on a subsequent 
similar trial, which suggested challenges with learning from 
mistakes, adapting strategies, or retaining information. The 
SWM Between Errors (4,6,8 boxes) revealed 25 (1st per-
centile) which indicated difficulty in recalling previously 
searched locations, leading to repeated searches of the same 
box, suggesting impairments in working memory or atten-
tion. SWM Strategy (6–8 boxes) revealed 11 (5th percen-
tile) which suggested a more haphazard or random search 
approach that reflected poor planning, strategy use, or dif-
ficulty remembering previously searched locations. Accord-
ing to these findings, the patient had cognitive deficits in 
working memory, attention, and executive function.

As previous literature shows [32–34], our comparative 
analysis of the CANTAB test results reflects age-related 
variations in neurocognitive processing, particularly in areas 
related to reaction latency and error correction. Compared 
with other groups for treatment modalities, where the dis-
proportionate case ratios might introduce bias and the anal-
ysis results showed no significant differences, the analysis 
revealed notable differences between these two age groups 
in specific subtests. This finding further supports the notion 
that neurocognitive functions mature over time. However, 
it is not yet possible to determine whether these differences 
reflect distinct maturation timelines for specific abilities, 
and further data are likely needed to clarify this. There were 
significant performance differences between patients over 
18 years of age and those younger than 18 listed in Supple-
mentary Tables 4 and summarized significant differences 
between those aged over 16 years of age and younger than 
16 listed in Supplementary Table 5.

Table 4  The comparison with CANTAB test provides normative data in adult patients
Assessment DMS PAL SWM
Case number Percent Correct Probability 

of Error 
Given 
Error

First 
Attempt 
Memory 
Score

Total 
Errors 
(Adjusted)

Between 
Errors 
(4,6,8 
boxes)

Strat-
egy 
(6–8 
boxes)

(0 s delay) (12 s delay) (4 s delay) (all 
delays)

(simultaneous)

3 100 (99th) 100 (99th) 100 (99th) 100 (99th) 100 (99th) . 16 (77th) 4 (80th) 0 (99th ) 4 (80th)
5 80 (30th) 80 (39th) 60 (12th) 73 (17th) 80 (8th) 0.2 (26th) 16 (77th) 17 (48th) 1 (70th) 7 (37th)
8 100 (99th) 80 (39th) 80 (32th) 87 (57th) 100 (99th) 0.5 (5th) 14 (59th) 8 (68th) 25 (1th) 11 (5th)
13 100 (99th) 100 (99th) 100 (99th) 100 (99th) 100 (99th) . 17 (84th) 4 (80th) 0 (99th) 3 (91th)
15 80 (30th) 60(15th) 80 (32th) 73 (17th) 80 (8th) 0.25 (23th) 17 (84th) 3 (83th) 0 (99th) 7 (37th)
16 100 (99th) 100 (99th) 100 (99th) 100 (99th) 100 (99th) . 15 (46th) 6 (50th) 2 (57th) 8 (20th)
Abbreviation: DMS: Delayed Matching to Sample; PAL: Paired Associates Learning; SWM: Spatial Working Memory
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inclusion criteria but faithfully recorded the sex of patients 
who underwent testing during the inclusion period. Accord-
ing to the literature, pediatric brain tumor cases generally 
show a male predominance, with a ratio of approximately 
1.33:1 [48]. Consequently, no specific comparisons based 
on sex were conducted in this study.

Prospective data collection is currently ongoing, and we 
anticipate uncovering significant findings regarding post-
treatment outcomes beyond our current understanding.

Conclusion

In conclusion, this study represents our experience of uti-
lizing the CANTAB computerized assessments to evaluate 
attention, memory, and executive functioning in pediatric 
brain tumor survivors. With high acceptance rates and valid 
clinical data, the CANTAB test proves to be an evaluable 
and highly accessible neurocognitive assessment tool for 
post-treatment follow-up in this population.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​1​0​6​0​-​0​
2​5​-​0​4​9​4​5​-​x​​​​​.​​

Acknowledgements  We acknowledge that this research was spon-
sored by MacKay Memorial Hospital (grant number: MMH-112-103) 
and performed by the MacKay Pediatric Brain Tumor Team.

Author contributions  JY Huang, CS Ho executed study and collected 
data. TC Yen, HC Liu & JY Hou were in charge of clinical data col-
lection. TY Yen, CC Huang & HC Lao contributed to the management 
of data analysis. JY Huang, TC Yen, HC Liu & JY Hou, CS Ho & 
ML Liang wrote the manuscript. CS Ho & ML Liang supervised the 
project. All authors contributed to the final version of the manuscript.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Competing interests  The authors declare no competing interests.

References

1.	 Divcić B, Hajnzić TF (2008) Neuropsychological functioning of 
children with brain tumors. Acta Clin Croat 47:67–75

2.	 Ellenberg L, Liu Q, Gioia G, Yasui Y, Packer RJ, Mertens A, Don-
aldson SS, Stovall M, Kadan-Lottick N, Armstrong G, Robison 
LL, Zeltzer LK (2009) Neurocognitive status in long-term sur-
vivors of childhood CNS malignancies: a report from the Child-
hood Cancer Survivor Study. Neuropsychology 23:705–717. 
https:/​/doi.or​g/10.10​37/a0​016674

3.	 Mulhern RK, Merchant TE, Gajjar A, Reddick WE, Kun LE 
(2004) Late neurocognitive sequelae in survivors of brain 
tumours in childhood. Lancet Oncol 5:399–408. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​
1​0​.​1​0​1​6​/​s​1​4​7​0​-​2​0​4​5​(​0​4​)​0​1​5​0​7​-​4​​​​​​​

total IQ scores ranging from 100 to 107, and all sub-item 
scores above 90. This suggests that the CANTAB test may 
effectively reveal underlying weaknesses or neurocognitive 
dysfunction.

Although normative data for children have not yet been 
fully established, analyzing and comparing neurocogni-
tive function between patients can still provide valuable 
reference points for clinicians and parents. By comparing 
age-related differences, clinicians can further clarify the 
relationship between neurocognitive functions and develop-
mental milestones.

Special attention should be given to younger patients, 
who require continued education and cognitive training 
alongside their treatment. This dual approach of therapeutic 
and educational support can help foster better neurocogni-
tive outcomes, enhancing their potential for learning and 
adaptation as they grow. Additionally, formal recognition 
of neurocognitive dysfunction can assist families in access-
ing governmental education and rehabilitation resources to 
help children with brain tumors recover [45–47]. We also 
evaluate improvements in neurocognitive function by track-
ing and assessing changes following disease treatments and 
rehabilitation [29–31].

All patients reported positive feedback on the assessment 
experience, noting that the tablet was user-friendly, instruc-
tions were clearly explained, and the testing duration was 
appropriate for their return visit. For patients experiencing 
academic difficulties without available evidence on IQ tests, 
the subclinical neurocognitive dysfunction results indicated 
by CANTAB can provide valuable information for parents 
and guidance for teachers to address specific weakness.

Our findings show that patients with multiple domains 
exhibiting marked weaknesses tend to align more closely 
with their clinical conditions. This provides a dual benefit: 
first, it serves as a reference for longitudinal follow-up, 
offering insights into the potential clinical burden posed by 
these vulnerabilities. Second, as the patient cohort expands, 
it allows for further exploration of the relationship between 
these deficits and other clinical data.

Limitation

Despite the evident utility of the CANTAB assessment for 
our patient cohort, several limitations warrant consider-
ation. Our sample size was relatively small and exhibited 
an asymmetric diagnostic distribution, predominantly com-
prising germ cell tumor patients. Furthermore, longitudinal 
follow-up provides more substantial evidence of progres-
sion of neuropsychological outcomes over time. In addi-
tion, the challenge of multiple comparisons in this rare 
population necessitates careful consideration of numerous 
clinical variables. This study did not establish sex-specific 

1 3

https://doi.org/10.1007/s11060-025-04945-x
https://doi.org/10.1007/s11060-025-04945-x
https://doi.org/10.1037/a0016674
https://doi.org/10.1016/s1470-2045(04)01507-4
https://doi.org/10.1016/s1470-2045(04)01507-4


Journal of Neuro-Oncology

17.	 Jacola LM, Ashford JM, Reddick WE, Glass JO, Ogg RJ, Mer-
chant TE, Conklin HM (2014) The relationship between working 
memory and cerebral white matter volume in survivors of child-
hood brain tumors treated with conformal radiation therapy. J 
Neurooncol 119:197–205. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​1​0​6​0​-​0​1​4​-​1​
4​7​6​-​4​​​​​​​

18.	 Liang SY, Yang TF, Chen YW, Liang ML, Chen HH, Chang KP, 
Shan IK, Chen YS, Wong TT (2013) Neuropsychological func-
tions and quality of life in survived patients with intracranial 
germ cell tumors after treatment. Neuro Oncol 15:1543–1551. 
https:/​/doi.or​g/10.10​93/ne​uonc/not127

19.	 Miotto EC, Junior AS, Silva CC, Cabrera HN, Machado MA, 
Benute GR, Lucia MC, Scaff M, Teixeira MJ (2011) Cognitive 
impairments in patients with low grade gliomas and high grade 
gliomas. Arq Neuropsiquiatr 69:596–601. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​5​9​
0​/​s​0​0​0​4​-​2​8​2​x​2​0​1​1​0​0​0​5​0​0​0​0​5​​​​​​​

20.	 Ng JCH, See AAQ, Ang TY, Tan LYR, Ang BT, King NKK 
(2019) Effects of surgery on neurocognitive function in patients 
with glioma: a meta-analysis of immediate post-operative and 
long-term follow-up neurocognitive outcomes. J Neurooncol 
141:167–182. https:/​/doi.or​g/10.10​07/s1​1060-018-03023-9

21.	 Pancaldi A, Pugliese M, Migliozzi C, Blom J, Cellini M, Iughetti 
L (2023) Neuropsychological Outcomes of Children Treated for 
brain tumors. Child (Basel) 10. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​c​h​i​l​d​r​e​n​1​
0​0​3​0​4​7​2​​​​​​​

22.	 Park Y, Yu ES, Ha B, Park HJ, Kim JH, Kim JY (2017) Neurocog-
nitive and psychological functioning of children with an intracra-
nial germ cell tumor. Cancer Res Treat 49:960–969. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​4​1​4​3​/​c​r​t​.​2​0​1​6​.​2​0​4​​​​​​​

23.	 Raysi Dehcordi S, Mariano M, Mazza M, Galzio RJ (2013) Cog-
nitive deficits in patients with low and high grade gliomas. J Neu-
rosurg Sci 57:259–266

24.	 Tso WWY, Hui ESK, Lee TMC, Liu APY, Ip P, Vardhanabhuti 
V, Cheng KKF, Fong DYT, Chang DHF, Ho FKW, Yip KM, Ku 
DTL, Cheuk DKL, Luk CW, Shing MK, Leung LK, Khong PL, 
Chan GC (2021) Brain Microstructural Changes Associated with 
Neurocognitive Outcome in Intracranial Germ Cell Tumor survi-
vors. Front Oncol 11:573798. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​o​n​c​.​2​0​2​1​.​
5​7​3​7​9​8​​​​​​​

25.	 Tso WWY, Liu APY, Lee TMC, Cheuk KL, Shing MK, Luk CW, 
Ling SC, Ku DTL, Li K, Yung AWY, Fung CW, Chan SHS, Ho 
ACC, Ho FKW, Ip P, Chan GCF (2019) Neurocognitive function, 
performance status, and quality of life in pediatric intracranial 
germ cell tumor survivors. J Neurooncol 141:393–401. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​1​0​6​0​-​0​1​8​-​0​3​0​4​5​-​3​​​​​​​

26.	 Romero-Garcia R, Owen M, McDonald A, Woodberry E, Assem 
M, Coelho P, Morris RC, Price SJ, Santarius T, Suckling J, Manly 
T, Erez Y, Hart MG (2022) Assessment of neuropsychological 
function in brain tumor treatment: a comparison of traditional 
neuropsychological assessment with app-based cognitive screen-
ing. Acta Neurochir (Wien) 164:2021–2034. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
0​7​/​s​0​0​7​0​1​-​0​2​2​-​0​5​1​6​2​-​5​​​​​​​

27.	 Soares FC, de Oliveira TC, de Macedo LD, Tomás AM, Picanço-
Diniz DL, Bento-Torres J, Bento-Torres NV, Picanço-Diniz CW 
(2015) CANTAB object recognition and language tests to detect 
aging cognitive decline: an exploratory comparative study. Clin 
Interv Aging 10:37–48. https:/​/doi.or​g/10.21​47/ci​a.S68186

28.	 Chan JYC, Kwong JSW, Wong A, Kwok TCY, Tsoi KKF (2018) 
Comparison of Computerized and Paper-and-Pencil memory 
tests in detection of mild cognitive impairment and dementia: a 
systematic review and Meta-analysis of Diagnostic studies. J Am 
Med Dir Assoc 19:748–756e745. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​j​a​m​d​a​
.​2​0​1​8​.​0​5​.​0​1​0​​​​​​​

29.	 Kasatkin VN, RAA, Dreneva AA, Rumyantsev AG (2017) Appli-
cability of Cambridge neuropsychological test automated battery 
(CANTAB) for executive functions diagnostics and rehabilitation 

4.	 Youn SH, Ha B, Lee EH, Park B, Yang SE, Yu ES, Kim JY (2022) 
Neurocognitive and psychological functioning of pediatric brain 
tumor patients undergoing proton beam therapy for three different 
tumor types. Pediatr Blood Cancer 69:e29430. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​0​2​/​p​b​c​.​2​9​4​3​0​​​​​​​

5.	 Yoo HJ, Kim H, Park HJ, Kim DS, Ra YS, Shin HY (2016) Neu-
rocognitive function and Health-Related Quality of Life in Pedi-
atric Korean survivors of Medulloblastoma. J Korean Med Sci 
31:1726–1734. https:/​/doi.or​g/10.33​46/jk​ms.2016.31.11.1726

6.	 de Ruiter MA, Grootenhuis MA, van Mourik R, Maurice-Stam 
H, Breteler MH, Gidding C, Beek LR, Granzen B, van Vuurden 
DG, -van Schouten AY, Oosterlaan J (2017) Timed performance 
weaknesses on computerized tasks in pediatric brain tumor sur-
vivors: a comparison with sibling controls. Child Neuropsychol 
23:208–227. https:/​/doi.or​g/10.10​80/09​297049.2015.1108395

7.	 Antonini TN, Ris MD, Grosshans DR, Mahajan A, Okcu MF, 
Chintagumpala M, Paulino A, Child AE, Orobio J, Stancel HH, 
Kahalley LS (2017) Attention, processing speed, and executive 
functioning in pediatric brain tumor survivors treated with proton 
beam radiation therapy. Radiother Oncol 124:89–97. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​1​6​/​j​.​r​a​d​o​n​c​.​2​0​1​7​.​0​6​.​0​1​0​​​​​​​

8.	 Annett RD, Patel SK, Phipps S (2015) Monitoring and Assess-
ment of Neuropsychological Outcomes as a Standard of Care in 
Pediatric Oncology. Pediatr Blood Cancer 62(Suppl 5):S460–
513. https:/​/doi.or​g/10.10​02/pb​c.25749

9.	 Tibbs MD, Huynh-Le MP, Reyes A, Macari AC, Karunamuni R, 
Tringale K, Burkeen J, Marshall D, Xu R, McDonald CR, Hat-
tangadi-Gluth JA (2020) Longitudinal analysis of depression and 
anxiety symptoms as independent predictors of neurocognitive 
function in primary brain tumor patients. Int J Radiat Oncol Biol 
Phys 108:1229–1239. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​i​j​r​o​b​p​.​2​0​2​0​.​0​7​.​0​0​
2​​​​​​​

10.	 Hendrix P, Hans E, Griessenauer CJ, Simgen A, Oertel J, Karbach 
J (2017) Neurocognitive status in patients with newly-diagnosed 
brain tumors in good neurological condition: the impact of tumor 
type, volume, and location. Clin Neurol Neurosurg 156:55–62. 
https:/​/doi.or​g/10.10​16/j.​clineuro.2017.03.009

11.	 Wang Y, Liu APY, Lee TM, Wong WHS, Fong DYT, Leung LK, 
Shing MMK, Ku DT, Chan GC, Tso WW (2022) Neurobehavioral 
Impairment in Pediatric Brain Tumor survivors: a Meta-analysis. 
Cancers (Basel) 14. https:/​/doi.or​g/10.33​90/ca​ncers14133269

12.	 McCurdy MD, Rane S, Daly BP, Jacobson LA (2016) Asso-
ciations among treatment-related neurological risk factors and 
neuropsychological functioning in survivors of childhood brain 
tumor. J Neurooncol 127:137–144. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​1​0​6​
0​-​0​1​5​-​2​0​2​1​-​9​​​​​​​

13.	 Bette S, Gradtke CV, Cammardella JH, Albertshauser J, Wiestler 
B, Barz M, Meyer B, Zimmer C, Ryang YM, Ringel F, Gempt 
J (2020) Perioperative neurocognitive functions in patients with 
neuroepithelial intracranial tumors. J Neurooncol 147:77–89. 
https:/​/doi.or​g/10.10​07/s1​1060-020-03398-8

14.	 Cantelmi D, Schweizer TA, Cusimano MD (2008) Role of the cer-
ebellum in the neurocognitive sequelae of treatment of tumours 
of the posterior fossa: an update. Lancet Oncol 9:569–576. ​h​t​t​​p​s​:​
/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​s​1​4​7​0​-​2​0​4​5​(​0​8​)​7​0​1​4​8​-​7​​​​​​​

15.	 Conklin HM, Ashford JM, Howarth RA, Merchant TE, Ogg RJ, 
Santana VM, Reddick WE, Wu S, Xiong X (2012) Working mem-
ory performance among childhood brain tumor survivors. J Int 
Neuropsychol Soc 18:996–1005. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​7​/​s​1​3​5​5​6​
1​7​7​1​2​0​0​0​7​9​3​​​​​​​

16.	 Coutinho V, Dellatolas G, Castaignede-Lalande C, Longaud-
Vales A, Kieffer V, Guerrini-Rousseau L, Grill J, Valteau-Couanet 
D, Dufour C (2018) Cognitive Profile of Children with Intracra-
nial Germ Cell Tumor according to Tumor Location. J Pediatr 
Hematol Oncol 40:e424–e428. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​7​/​m​p​h​.​0​0​0​0​
0​0​0​0​0​0​0​0​1​2​0​0​​​​​​​

1 3

https://doi.org/10.1007/s11060-014-1476-4
https://doi.org/10.1007/s11060-014-1476-4
https://doi.org/10.1093/neuonc/not127
https://doi.org/10.1590/s0004-282x2011000500005
https://doi.org/10.1590/s0004-282x2011000500005
https://doi.org/10.1007/s11060-018-03023-9
https://doi.org/10.3390/children10030472
https://doi.org/10.3390/children10030472
https://doi.org/10.4143/crt.2016.204
https://doi.org/10.4143/crt.2016.204
https://doi.org/10.3389/fonc.2021.573798
https://doi.org/10.3389/fonc.2021.573798
https://doi.org/10.1007/s11060-018-03045-3
https://doi.org/10.1007/s11060-018-03045-3
https://doi.org/10.1007/s00701-022-05162-5
https://doi.org/10.1007/s00701-022-05162-5
https://doi.org/10.2147/cia.S68186
https://doi.org/10.1016/j.jamda.2018.05.010
https://doi.org/10.1016/j.jamda.2018.05.010
https://doi.org/10.1002/pbc.29430
https://doi.org/10.1002/pbc.29430
https://doi.org/10.3346/jkms.2016.31.11.1726
https://doi.org/10.1080/09297049.2015.1108395
https://doi.org/10.1016/j.radonc.2017.06.010
https://doi.org/10.1016/j.radonc.2017.06.010
https://doi.org/10.1002/pbc.25749
https://doi.org/10.1016/j.ijrobp.2020.07.002
https://doi.org/10.1016/j.ijrobp.2020.07.002
https://doi.org/10.1016/j.clineuro.2017.03.009
https://doi.org/10.3390/cancers14133269
https://doi.org/10.1007/s11060-015-2021-9
https://doi.org/10.1007/s11060-015-2021-9
https://doi.org/10.1007/s11060-020-03398-8
https://doi.org/10.1016/s1470-2045(08)70148-7
https://doi.org/10.1016/s1470-2045(08)70148-7
https://doi.org/10.1017/s1355617712000793
https://doi.org/10.1017/s1355617712000793
https://doi.org/10.1097/mph.0000000000001200
https://doi.org/10.1097/mph.0000000000001200


Journal of Neuro-Oncology

influences, multiple outcome measures and regression-based nor-
mative data. Child Neuropsychol 26:189–218. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​8​0​/​0​9​2​9​7​0​4​9​.​2​0​1​9​.​1​6​4​2​3​1​6​​​​​​​

40.	 Syväoja HJ, Tammelin TH, Ahonen T, Räsänen P, Tolvanen A, 
Kankaanpää A, Kantomaa MT (2015) Internal consistency and 
stability of the CANTAB neuropsychological test battery in chil-
dren. Psychol Assess 27:698–709. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​a​0​0​3​8​
4​8​5​​​​​​​

41.	 Bedard AC, Martinussen R, Ickowicz A, Tannock R (2004) Meth-
ylphenidate improves visual-spatial memory in children with 
attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc 
Psychiatry 43:260–268. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​7​/​0​0​0​0​4​5​8​3​-​2​0​0​4​0​
3​0​0​0​-​0​0​0​0​6​​​​​​​

42.	 Fried R, Hirshfeld-Becker D, Petty C, Batchelder H, Biederman 
J (2015) How informative is the CANTAB to assess executive 
functioning in children with ADHD? A controlled study. J Atten 
Disord 19:468–475. https:/​/doi.or​g/10.11​77/10​87054712457038

43.	 Gau SS, Huang WL (2014) Rapid visual information processing 
as a cognitive endophenotype of attention deficit hyperactivity 
disorder. Psychol Med 44:435–446. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​7​/​s​0​0​3​
3​2​9​1​7​1​3​0​0​0​6​4​0​​​​​​​

44.	 Abbott RA, Skirrow C, Jokisch M, Timmers M, Streffer J, van 
Nueten L, Krams M, Winkler A, Pundt N, Nathan PJ, Rock P, 
Cormack FK, Weimar C (2019) Normative data from linear and 
nonlinear quantile regression in CANTAB: Cognition in mid-
to-late life in an epidemiological sample. Alzheimers Dement 
(Amst) 11:36–44. https:/​/doi.or​g/10.10​16/j.​dadm.2018.10.007

45.	 Sciancalepore F, Tariciotti L, Remoli G, Menegatti D, Carai A, 
Petruzzellis G, Miller KP, Delli Priscoli F, Giuseppi A, Premu-
selli R, Tozzi AE, Mastronuzzi A, Vanacore N, Lacorte E, Group 
AS (2022) Computer-based cognitive training in children with 
primary brain tumours: a systematic review. Cancers (Basel) 14. 
https:/​/doi.or​g/10.33​90/ca​ncers14163879

46.	 Kline CN, Mueller S (2020) Neurocognitive outcomes in children 
with brain tumors. Semin Neurol 40:315–321. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​5​5​/​s​-​0​0​4​0​-​1​7​0​8​8​6​7​​​​​​​

47.	 Stavinoha PL, Trinh-Wong T, Rodriguez LN, Stewart CM, Frost 
K (2021) Educational Pain points for Pediatric Brain Tumor sur-
vivors: review of risks and remedies. Child (Basel) 8. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​
o​​r​g​/​1​0​.​3​3​9​0​/​c​h​i​l​d​r​e​n​8​1​2​1​1​2​5​​​​​​​

48.	 Yang W, Cai Y, Chen J, Yang P, Ying Z, Liang Y, Ling M, Zhu 
K, Sun H, Ji Y, Peng X, Zhang N, Ma W, Ge M (2023) Epide-
miological characteristics, clinical presentations, and prognoses 
of pediatric brain tumors: experiences of national center for chil-
dren’s health. Front Oncol 13:1067858. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​i​​​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​
o​n​c​.​2​0​2​3​.​1​0​6​7​8​5​8​​​​​​​

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

assessment in pediatric posterior fossa tumor survivors. Bull 
Rehabilitation Med 6:33–39

30.	 Mabbott D, Riggs L, Piscione J, Laughlin S, Cunningham T, Tim-
mons B, Courneya K, Bartels U, Skocic J, Liu F, Scantlebury N, 
Bouffet E (2014) NC-10: TRAINING THE BRAIN TO REPAIR 
ITSELF: AN EXERCISE TRIAL IN PEDIATRIC BRAIN 
TUMOR SURVIVORS. Neuro Oncol 16:v136. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​9​3​/​n​e​u​o​n​c​/​n​o​u​2​6​3​.​1​0​​​​​​​

31.	 Riggs L, Piscione J, Laughlin S, Cunningham T, Timmons BW, 
Courneya KS, Bartels U, Skocic J, de Medeiros C, Liu F, Persadie 
N, Scheinemann K, Scantlebury N, Szulc KU, Bouffet E, Mab-
bott DJ (2017) Exercise training for neural recovery in a restricted 
sample of pediatric brain tumor survivors: a controlled clinical 
trial with crossover of training versus no training. Neuro Oncol 
19:440–450. https:/​/doi.or​g/10.10​93/ne​uonc/now177

32.	 Luciana M, Nelson CA (2002) Assessment of neuropsychologi-
cal function through use of the Cambridge Neuropsychological 
Testing Automated Battery: performance in 4- to 12-year-old 
children. Dev Neuropsychol 22:595–624. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​2​0​
7​/​s​1​5​3​2​6​9​4​2​d​n​2​2​0​3​_​3​​​​​​​

33.	 Luciana M (2003) Practitioner review: computerized assessment 
of neuropsychological function in children: clinical and research 
applications of the Cambridge Neuropsychological Testing Auto-
mated Battery (CANTAB). J Child Psychol Psychiatry 44:649–
663. https:/​/doi.or​g/10.11​11/14​69-7610.00152

34.	 Aoki S, Nagatani F, Kagitani-Shimono K, Ohno Y, Taniike M, 
Mohri I (2023) Examining normative values using the Cambridge 
neuropsychological test automated battery and developmental 
traits of executive functions among elementary school-aged chil-
dren in Japan. Front Psychol 14:1141628. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​
/​f​p​s​y​g​.​2​0​2​3​.​1​1​4​1​6​2​8​​​​​​​

35.	 Barnett JH, Blackwell AD, Sahakian BJ, Robbins TW (2016) 
The Paired associates Learning (PAL) test: 30 years of CAN-
TAB Translational Neuroscience from Laboratory to Bedside 
in Dementia Research. Curr Top Behav Neurosci 28:449–474. 
https:/​/doi.or​g/10.10​07/78​54_2015_5001

36.	 Falconer DW, Cleland J, Fielding S, Reid IC (2010) Using the 
Cambridge Neuropsychological Test Automated Battery (CAN-
TAB) to assess the cognitive impact of electroconvulsive therapy 
on visual and visuospatial memory. Psychol Med 40:1017–1025. 
https:/​/doi.or​g/10.10​17/s0​033291709991243

37.	 Karlsen RH, Karr JE, Saksvik SB, Lundervold AJ, Hjemdal O, 
Olsen A, Iverson GL, Skandsen T (2022) Examining 3-month 
test-retest reliability and reliable change using the Cambridge 
Neuropsychological Test Automated Battery. Appl Neuropsychol 
Adult 29:146–154. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​/​2​3​2​7​9​0​9​5​.​2​0​2​0​.​1​7​2​2​
1​2​6​​​​​​​

38.	 Teixeira RAA, Zachi EC, Roque DT, Taub A, Ventura DF (2011) 
Memory span measured by the spatial span tests of the Cambridge 
Neuropsychological Test Automated Battery in a group of Brazil-
ian children and adolescents. Dement Neuropsychol 5:129–134. 
https:/​/doi.or​g/10.15​90/s1​980-57642011dn05020012

39.	 Toornstra A, Hurks PPM, Van der Elst W, Kok G, Curfs LMG 
(2020) [Formula: see text] measuring visual matching and short-
term recognition memory with the CANTAB® delayed match-
ing to Sample task in schoolchildren: effects of demographic 

1 3

https://doi.org/10.1080/09297049.2019.1642316
https://doi.org/10.1080/09297049.2019.1642316
https://doi.org/10.1037/a0038485
https://doi.org/10.1037/a0038485
https://doi.org/10.1097/00004583-200403000-00006
https://doi.org/10.1097/00004583-200403000-00006
https://doi.org/10.1177/1087054712457038
https://doi.org/10.1017/s0033291713000640
https://doi.org/10.1017/s0033291713000640
https://doi.org/10.1016/j.dadm.2018.10.007
https://doi.org/10.3390/cancers14163879
https://doi.org/10.1055/s-0040-1708867
https://doi.org/10.1055/s-0040-1708867
https://doi.org/10.3390/children8121125
https://doi.org/10.3390/children8121125
https://doi.org/10.3389/fonc.2023.1067858
https://doi.org/10.3389/fonc.2023.1067858
https://doi.org/10.1093/neuonc/nou263.10
https://doi.org/10.1093/neuonc/nou263.10
https://doi.org/10.1093/neuonc/now177
https://doi.org/10.1207/s15326942dn2203_3
https://doi.org/10.1207/s15326942dn2203_3
https://doi.org/10.1111/1469-7610.00152
https://doi.org/10.3389/fpsyg.2023.1141628
https://doi.org/10.3389/fpsyg.2023.1141628
https://doi.org/10.1007/7854_2015_5001
https://doi.org/10.1017/s0033291709991243
https://doi.org/10.1080/23279095.2020.1722126
https://doi.org/10.1080/23279095.2020.1722126
https://doi.org/10.1590/s1980-57642011dn05020012

	﻿Computerized assessment of neuropsychological functioning in pediatric brain tumor patients
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Statistical analysis

	﻿Results
	﻿Clinical characteristics
	﻿Results of CANTAB test for patients with brain tumor
	﻿Summary of clinical characteristics and CANTAB data in significantly impaired patients
	﻿Case 1: patient number 5
	﻿Case 2: patient number 7
	﻿Case 3: patient number 8
	﻿Case 4: patient number 17


	﻿Comparison of normative dataset and age factors in CANTAB Testing
	﻿Discussion
	﻿Limitation

	﻿Conclusion
	﻿References


