
P
os

te
d

on
A

u
th

or
ea

23
M

ar
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

80
63

02
.2

30
20

68
0/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Neurocognitive Outcomes of Children with Osteosarcoma Treated

with High-dose Intravenous Methotrexate

Haruko Shima1, Satomi Sato2, Tetsuya Takimoto3, Michiko Sakai1, Noriko Hashida1,
Kyohei Isshiki1, and Hiroyuki Shimada1

1Keio University
2St Luke’s International University
3Clinical Research CenterNational Center for Child Health

March 23, 2022

Abstract

Methotrexate (MTX) has been shown to impair neurocognitive outcomes. Because the cumulative dose of MTX used in

the standard treatment of osteosarcoma is higher compared to the treatment of other childhood cancers, we analyzed the

neurocognitive performance among 12 survivors of childhood osteosarcoma exposed to high-dose MTX at our institution.

Prospective longitudinal evaluations of neurocognitive functioning using the Japanese Wechsler Intelligence Scale for Children-

4th Edition were performed. As a result, we observed age-appropriate development of neurocognitive performance among

osteosarcoma survivors. In conclusion, cognitive development was not adversely affected in this cohort of childhood osteosarcoma

survivors treated with HD-MTX.
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. Abbreviations:

MTX Methotrexate

CNS Central nervous system
CRT Cranial irradiation
WISC-IV Wechsler Intelligence Scale for Children 4th Edition
FSIQ Full scale IQ
VCI Verbal Comprehension Index
PRI Perception Reasoning Index
WMI Working Memory Index
PSI Processing Speed Index

ABSTRACT

Methotrexate (MTX) has been shown to impair neurocognitive outcomes. Because the cumulative dose of
MTX used in the standard treatment of osteosarcoma is higher compared to the treatment of other childhood
cancers, we analyzed the neurocognitive performance among 12 survivors of childhood osteosarcoma exposed
to high-dose MTX at our institution. Prospective longitudinal evaluations of neurocognitive functioning using
the Japanese Wechsler Intelligence Scale for Children-4th Edition were performed. As a result, we observed
age-appropriate development of neurocognitive performance among osteosarcoma survivors. In conclusion,
cognitive development was not adversely affected in this cohort of childhood osteosarcoma survivors treated
with HD-MTX.

INTRODUCTION

With growth of the childhood cancer survivor population, increasing attention has focused on how cancer and
its treatment affects their neurocognitive function [1]. Among the many systemic chemotherapeutic agents
used in the treatment of childhood cancer, the antimetabolite, methotrexate (MTX), has been associated
with impairment in neurocognitive outcomes [2]. In particular, methotrexate has been a long-standing
component of treatment regimens for acute lymphoblastic leukemia (ALL) and its impact on neurocognitive
functioning has been well described [3].

Osteosarcomas, the most common bone sarcoma in children and adolescents, account for approximately
2 to 3% of childhood cancers. High doses of intravenous MTX (HD-MTX) are included in the standard
treatment of osteosarcoma, with cumulative doses substantially exceeding those used for ALL (10–12 g/m2

for osteosarcoma v. 2.5–5.0 g/m2 for ALL) [4-6]. Treatment of osteosarcoma typically does not require
cranial irradiation (CRT) or intrathecal therapy, which have strong links to neurocognitive deficits [3]. Our
aim was to characterize the neurocognitive performance among survivors of childhood osteosarcoma exposed
to HD-MTX.

METHODS

Patients eligible for this study included those with histologically confirmed osteosarcoma diagnosed between
the ages of 5 and 17 years who received or planned to receive chemotherapy including HD-MTX. Three
licensed clinical psychologists performed prospective longitudinal evaluations of neurocognitive functioning
using the JapaneseWechsler Intelligence Scale for Children-4thEdition (WISC-IV) [7] at baseline after study
enrollment (T1) and two additional times during follow-up at one-year intervals (T2 and T3). Full scale IQ
(FSIQ), Verbal Comprehension Index (VCI), Perception Reasoning Index (PRI), Working Memory Index
(WMI) and Processing Speed Index (PSI) were age-adjusted and scaled to have a sample mean of 100 and
a sample standard deviation of 15. Testing was conducted during a single two-hour session with order of
testing standardized, and participants’ schedule were arranged to limit the effect of fatigue and extraneous
factors. Only children who had not been subject to WISC-IV testing in the preceding year at the first
evaluation were included in the study to exclude the influence of practice effects on the test results.
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. Descriptive statistics, correlation analysis and the repeated ANOVA were performed using SPSS ver. 25
software. Each patient and/or their legal guardians provided written informed consent for participation.
This study was approved by the Ethics Committee of the Keio University School of Medicine.

RESULTS

In total, all 12 pediatric patients diagnosed with osteosarcoma between 2006 and 2016 in our institution
were enrolled. Patient characteristics are shown in Table 1. Half of the patients were male, and median
age at diagnosis of osteosarcoma and at study entry was 8 (range, 4 – 14) and 12 (range, 7–16) years,
respectively. Median duration from diagnosis to the first neurocognitive examination was 3 (range, 0 – 9)
years. Three patients underwent their first examination immediately after their first course of HD-MTX,
while the remaining patients were evaluated after completion of their HD-MTX. One patient who needed
special support at school prior to the treatment was excluded from the analysis. The rest of the cohort
attended regular school after completion of treatment and had no chronic health problems requiring medical
intervention during the follow-up period of three assessments.

Scores on WISC-IV are shown in Figure 1 and Table S1. Among the 11 evaluable patients, mean FSIQ was
107.00 (SD =15.58) at T1, 108.55 (SD =19.52) at T2, and 115.18 (SD =17.69) at T3, ranging from 90.00 to
133.00. However, these mean differences among FSIQ did not differ significantly over the three evaluation
time points. Next, each index was examined using ANOVA. For the four indices (Verbal Comprehension
Index; VCI, Perceptual Reasoning Index; PRI, Working Memory Index; WMI, and Processing Speed Index;
PSI) scores increased between T1 and T3, but only the increase in PSI was statistically significant with a
change from 106.73 at T1 to 115.45 at T3 (p=0.041). Correlation analyses were not significant between
intelligence test results at T3 and clinical data (Table S2).

DISCUSSION

In this study, we observed age-appropriate development of neurocognitive performance among survivors of
childhood and adolescent osteosarcoma, and none had scores in the disability range following HD-MTX
exposure. The difference in neurocognitive outcomes observed in osteosarcoma survivors in our cohort and
those previously reported for children with ALL may be related to the additional exposure to CRT or
intrathecal therapy as well as younger age at exposure, which have been strongly linked to neurocognitive
injury [3]. It is widely recognized that children younger than age five years at diagnosis of ALL are at
high risk of neurocognitive sequelae from treatment and older children are less susceptible to neurotoxicity
[8]. Most patients in this study showed an increase in FSIQ and four indices from the first to the third
assessment. Among all the indexes, only PSI scores significantly increased with time since treatment. This
is likely attributable to the learning effect of PSI especially among higher FSIQ patients.

Collectively, cognitive development was not adversely affected in this cohort of childhood osteosarcoma
survivors treated with HD-MTX. However, chronic health conditions have been reported to affect neurocog-
nitive functions in adults treated for osteosarcoma during childhood [9,10]. Since patients in this study were
younger than 17 years of age and in an early phase of survivorship (mean follow-up time of 66 months,
range, 25-144 months), these results may not be generalizable to older survivors with longer elapsed time
from treatment. It is reassuring that all patients were able to attend school at the time of assessment.
To assure age-appropriate development of neurocognitive functions in pediatric survivors of osteosarcoma,
monitoring for emerging deficits that may affect school performance and behavior is important. This study is
limited by a relatively small sample size and lack of power for statistical analysis, although these descriptive
data provide potentially useful information about a rare pediatric disease.

Conflict of Interest Disclosures: All the authors have no conflicts of interest to disclose.

Funding: This research was supported by Japanese MEXT Grant-in-Aid for Scientific Research (grant
number 26780410)
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Figure Legend

Figure 1.

Serial change in mean scores of Full-Scale IQ (FSIQ), Verbal Comprehension Index (VCI), Perception Rea-
soning Index (PRI), Working Memory Index (WMI), and Processing Speed Index (PSI) are shown. 1, 2, 3
indicate the scores of FSIQ and the four indices at T1, T2, and T3.
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