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Abstract

Background Late effects of treatment in children
diagnosed and treated for brain tumours in infancy is a
major concern. Assessment of infants presenting with
brain tumours is difficult and there is little information
available regarding the development of infants prior to
treatment and hence the impact of the tumour itself on
developmental outcomes.

Aim To describe the development of children diag-
nosed with brain tumours in infancy and to document
their cognitive and adaptive function at school entry.
Method Infants were psychologically evaluated at the
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time of diagnosis of a brain tumour and during their
fifth or sixth year in preparation for school entry.
Results Children diagnosed with brain tumours in
infancy display developmental delays in a number of
areas of adaptive function. By the time these children
are school age they display further compromise in
cognitive and academic skills and adaptive behaviour.
Higher levels of deficit at follow-up were associated
with tumour location in the supratentorium, younger
age at diagnosis and longer time since diagnosis. The
effect of radiotherapy could not be determined
because of differing degrees of developmental com-
promise in the treatment groups at baseline.
Conclusion Brain tumours in infancy confer a risk of
poor developmental progress at the time of diagnosis.
These children display additional compromise of deve-
lopment by the time they reach school age. Research
protocols evaluating the impact of treatment in infants
diagnosed with brain tumours need to take account of
the developmental status of the child at diagnosis.

Keywords Brain tumour - Infants - Neuropsychology -
Intelligence - Adaptive function

Introduction

The survival rate of children suffering from intracranial
tumours has increased significantly over recent years
[1]. Survivors generally have a range of cognitive
problems [2] and poor academic outcomes [3-6].
Causes of morbidity in children suffering from brain
tumour include the nature of the tumour, the type of
treatment and the presence of complications and
associated pathology such as hydrocephalus [7].
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Tumour location in the supratentorium is generally
considered to confer poorer functional outcomes than
location in the posterior fossa [8] due to the role of
cortical areas in subserving sensorimotor, language and
cognition.

Treatment for brain tumours includes surgery, che-
motherapy and radiotherapy. Morbidity following
surgery for brain tumours has declined in the micro-
surgical era [9] and generally neurological recovery
post surgery is good. Methotrexate has been a com-
monly administered and studied chemotherapeutic
agent used in the treatment of malignant brain
tumours. In a study [10] of 14 infants with malignant
brain tumours neuro-developmental evaluations were
conducted at the initiation of chemotherapy, and fol-
lowing, prior to radiotherapy. The majority remained
stable or declined while receiving chemotherapy. More
recent research results in studies of the effect of
chemotherapy in children with Acute Lymphatic
Leukaemia generally indicate that intrathecal metho-
trexate has little impact on cognition [11-13]. In recent
treatment protocols a variety of other chemothera-
peutic agents are used in combination for both malig-
nant and more benign tumours and the impact of these
on cognitive development is less comprehensively
studied. One retrospective study [14] of infants under
the age of 36 months treated with low dose craniospi-
nal irradiation and chemotherapy concluded that both
radiotherapy and chemotherapy contributed to mor-
bidity. In a trial [15] of the use of post operative
methotrexate and no radiotherapy in children diag-
nosed with medulloblastoma under the age of 3 years
neuropsychological follow-up was conducted in 14 pa-
tients at a median of 4.8 years after diagnosis. These
authors concluded that the disease itself, surgery and
chemotherapy have a negative effect on neuro-cogni-
tive outcome, suggesting that the infant brain may be
more susceptible to chemotherapy as well as radio-
therapy. However, this study contained no baseline
data making the contribution of therapy difficult to
isolate.

It has been consistently demonstrated that conven-
tional dose cranial irradiation is associated with ad-
verse neuropsychological sequelae in children [16, 17],
The impact of radiotherapy has also been found to
increase with longer time since treatment [2, 18] and in
children treated at a younger age [5, 19-21]. In studies
of adult survivors following irradiation for treatment of
brain tumours at less than 4 years, poor quality of life
and considerable compromise of school and work
performance has been reported [22]. There is some
evidence that a proportion of infants presenting with
posterior fossa tumours exhibit developmental delay
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[23] at diagnosis, but few studies obtain baseline
assessments of infants at the time of diagnosis. In the
study [10] of 14 infants with malignant brain tumours
neuro-developmental evaluations less than one quarter
of the children displayed normal developmental status
at the initiation of chemotherapy, prior to radiation.
A prospective study [24] of neuro-developmental out-
come in children treated for medulloblastoma under
the age of 5 years documented a mean IQ score at
baseline in the “Low Average’ range and an ongoing
decline in intelligence following treatment with che-
motherapy and planned delayed radiation.

The aim of this study was to determine whether or
not infants diagnosed with brain tumours displayed
abnormal developmental status at the time of diagnosis
and whether or not they displayed a decline in devel-
opmental progress over the period from diagnosis until
they turned 5 or 6 years old, the years they would
normally enter school.

On the basis of the current literature it was pre-
dicted that (a) Infants diagnosed with brain tumours in
infancy will display delays in adaptive skills at diag-
nosis, (b) in addition, delays in adaptive skills, neuro-
psychological skills and academic skills will be evident
at follow-up and (c) that follow-up outcome measures
will be influenced by various patient and treatment
factors including age at and time since diagnosis,
treatment type, age at and time since treatment and
tumour location.

Method
Participants

Fifty-two children diagnosed with brain tumours under
the age of 5 years (between August 1996 and August
2003) were referred for baseline assessment from the
departments of neurosurgery and oncology at the
Royal Children’s Hospital, Australia. There were 28
(53.8%) males and 24 (46.2%) females. Of the 52
referred at diagnosis, developmental information was
obtained on 40. Failure to obtain data on the remaining
children was due to difficulties associated with contact
during treatment. Appointments were cancelled due to
prioritisation of other medical appointments, changes
in treatment planning, changes in health status of child
and unscheduled readmissions or discharges. All 52
were maintained in the clinical review process and as
many as possible were seen for follow-up in order to
capture the majority of survivors. Nineteen children
died before their fifth birthday, one was diagnosed with
autism and not included in follow-up data, seven
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children were treated or moved interstate and three
had not reached their fifth birthday by the completion
of data collection. Twenty-one children were seen in
the year they turned five or six. Of the 21 survivors
assessed 13 had baseline data recorded.

Of the original 52 children, 34 (65%) children had
posterior fossa (PF) tumours, and 18 (35%) had
supratentorial (ST) tumours. Treatment protocols varied
considerably. Twenty-three (44.2%) received surgery,
chemotherapy and radiotherapy. Three (5.8%) re-
ceived surgery and radiotherapy without chemother-
apy. One (1.9%) underwent biopsy only, two (3.8%)
biopsy and chemo, six (11.5%) surgery only, three
(5.8%) chemo only, 14 (26.9%) surgery and chemo.

Survivors

Twenty-one children were seen at follow-up, 13 with PF
tumours and eight with ST tumours. Seven of the
PF group had radiotherapy (three according to the
SIMB96' protocol and four according to the AN-
ZCCSG BabyBrain 997 protocol). Four of the ST group
had radiotherapy. Mean age at follow-up was 5.54 years
(n =21, SD = 041, range = 4.4-6.2). The mean time
between baseline and follow-up was 24.62 months
(n =13, SD =14.26, range = 3.2 months-62.01). Of
those who had received radiotherapy the mean age
at the completion of treatment was 4.09 years,
(SD = 0.62, range = 3.09-4.99). Time in months be-
tween completion of radiotherapy and the follow-up
assessment was 17.10 months (SD = 7.6, range = 4.20-
27.17). Table 1 describes the tumour, treatment and
outcome characterises of these survivors.

Measures

The Vineland Adaptive Behaviour Scale (VABS)
assesses personal and social sufficiency and provides
age related Standard Scores [25]. The VABS is a
structured interview conducted with the parent in or-
der to determine the child’s level of function in four
domains. These are Communication, Daily Living,
Socialization and Motor Skills Domains®. Each domain
is composed of questions regarding skills in each area

! St Jude Medulloblastoma 1996

2 Australia and New Zealand Children’s Cancer Study Group
Baby Brain 1999

3 In this age group Communication Skills refer to the child’s
ability to understand what is said to them and to use language to
communicate with others. Daily Living Skills refers to feeding,
toileting and dressing. Socializations Skills refer to interaction
with others and play. Motor Skills refer to sitting, crawling and
walking etc and manual dexterity

that are accomplished along a developmental trajec-
tory. The parent is asked both general and specific
questions about a general skill area in order to elicit a
set of scores based on whether the child usually,
sometimes or partially, or never, exhibits a specific
skill. The child is not required to participate in any
activities directly with the examiner. This interview
was conducted as soon as possible following referral.
The parent was directed to consider the child’s best
level of development just prior to diagnosis. This was
done to establish the level of ability reached by the
child prior to surgery and prior to the possible recent
decline or symptoms that precipitated diagnosis. As
such this instrument is able to capture the best devel-
opmental level reached by the child without that result
being contaminated by the child’s level of co-opera-
tion, illness or post-operative symptoms. This Scale
was administered at baseline and was readministered
at follow-up along with tests of intellectual function
(Wechsler Preschool and Primary Scale of Intelligence-
Revised [26]), memory and learning (California Verbal
Learning Test [27]) academic Skills (Wechsler Indi-
vidual Achievement Test [28]), verbal fluency (A
Developmental Neuropsychological Assessment-NE-
PSY [29]) and visuo-motor integration [30]. Table 2
lists the domains assessed, the tests used and their
variable labels. All scores are reported as Standard
Scores with mean = 100 and SD = 15 apart from the
CVTOT reported as a T-Score with mean = 50 and
SD =10, the CVSD and CVLD as z-scores with
mean = 0 and SD =1 and the FLUENT as a Scaled
Score with mean = 10 and SD = 3, as per the individual
test manuals.

Procedure

All children presenting for investigation and treatment
of tumour to the departments of neurosurgery or
oncology, under the age of 5 years, were referred for
baseline assessments. Baseline assessments were con-
ducted at, or around the time of diagnosis by a Neuro-
psychologist (RS). Mean age at baseline was 2.67 years
(SD = 1.37, range = 0.2-5.0). Follow-up assessments
were conducted as part of normal clinical practice when
the child reached their fifth or sixth birthday. All testing,
approximately 2 h, was conducted over the period of
1 day with the opportunity for breaks as required by the
child. Order of test administration was fixed.

Statistics

The Shapiro-Wilk test for normal distribution and the
Levene test for equality of variances between variables
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Table 2 Developmental and neuropsychological tests administered

Domain Test name

Variable label*

Communication skills
Daily living skills

Communication Domain Vineland Adaptive Behaviour Scale
Daily Living Domain Vineland Adaptive Behaviour Scale DLS

COM

Socialization skills Socialization Domain Vineland Adaptive Behaviour Scale SOC
Motor skills Motor Domain Vineland Adaptive Behaviour Scale MOT
Adaptive skills Vineland Adaptive Behaviour Composite Score ABC
Visuo-spatial skills Performance IQ—WPPSI-R PIQ
Verbal skills Verbal IQ—WPPSI-R VIQ
Intellectual skills Full scale IQ—WPPSI-R FSIQ
Learning California Verbal Learning Test Total Score CVTOT
Short delay recall California Verbal Learning Test—Short Delay Score CVSD
Long delay recall California Verbal Learning Test—Long Delay Score CVLD
Reading Reading Subtest—Wechsler Individual Achievement Test READ
Mathematics Mathematics Subtest—Wechsler Individual Achievement Test MATH
Spelling Spelling Subtest—Wechsler Individual Achievement Test SPELL
Verbal fluency Verbal Fluency Subtest—NEPSY FLUENT
Visuomotor integration Beery-Buktenica Developmental Test of Visuo-Motor Integration VMI

*The suffix—B used in text denotes administration at baseline and—F denotes administration at follow-up. WWPSI-R: Wechsler Pre

School and Primary Scale of Intelligence—Revised

were conducted on all variables to be examined.
Multiple #-tests were used to examine the differences
between the participants and normative data on each
of the outcome variables at baseline and follow-up.
Bias corrected standardized effect sizes are reported
[31]. Linear and partial correlations analyses were used
to determine associations between participant and
outcome variables.

Results
Adaptive skills at diagnosis (n = 40)

Data from the VABS for 40 children was available at
baseline. The mean for all Domains (Communication
Skills, Daily Living Skills, Socialization Skills and
Motor Skills and the Adaptive Behaviour Composite)
were all within the “Average” range (see Table 3).
One sample t-tests, however, comparing the group
means with normative data indicate that the group
means were significantly below the normative means
on Daily Living Skills, #(39) = -3.39, P=0.002, Sociali-

Table 3 VABS at baseline (n = 40)

M SD
COM-B 97.35 14.20
DLS-B* 92.95 13.17
SOC-B* 94.28 13.93
MOT-B* 93.80 11.94
ABC-B** 92.68 12.99

*P < 0.01, #*P < 0.001

sation Skills, #39) = -2.60, P =0.01, Motor Skills,
t(39) = -3.57, P = 0.002 and the Adaptive Behaviour
Composite, #(39) = -3.57, P = 0.001.

Independent samples t-tests found no significant
difference between any of the VABS Scores by gender
or tumour location and there was no significant cor-
relation with any of the VABS scores and age at
diagnosis.

Adaptive skills at follow-up (n = 21)

Twenty-one children were administered the VABC at
follow-up. The mean for all domains and the Adaptive
Behaviour Composite were within the “Low Aver-
age”—‘Average” range (see Table 4). One sample
t-tests comparing the group means with the normative
data indicate that the group means were statistically
significantly below the normative means on Commu-
nication Skills, #(20) = -3.11, P = 0.006, Daily Living
Skills #(20) = -2.65, P = 0.016, Motor Skills, #20) =
-2.830, P = 0.010 and the Adaptive Behaviour Com-
posite, #(20) = -2.83, P = 0.010.

Neuropsychological and academic skills
at follow-up (n=21)

Table 5 presents results from the neuropsychological
and academic tests. As can be seen by the range of
scores there is considerable variation in the group as a
whole. For example, intellectual ability ranges from
more than three standard deviations below the mean to
more than one standard deviation above the mean.
Similar extremes are found in all scores. Visual analysis
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Table 4 VABS at follow-up (n = 21)

M SD
COM-F* 87.24 18.80
DLS-F* 90.67 16.17
SOC-F 96.57 17.34
MOT-F* 86.71 21.51
ABC-F* 88.24 19.08

P < 0.05, *P < 0.01

finds that apart from FLUENT all means are below the
means in the normative data.

Statistically significant differences between the par-
ticipants’ mean scores and the normative data were
found on tests of general intellectual abilities including
visuo-spatial skills (PIQ), #(20) = 2.34, P = 0.03, verbal
skills (VIQ), #20) =-3.50, P =0.002, and general
intelligence (FSIQ), #20) = 3.227, P = 0.004, memory
following a long delay (CVLD), (14) =2.56,
P =0.023, spelling (SPELL), #20) = -3.37, P = 0.003,
and visuo-motor integration (VMI), #(18) = —4.22,
P =0.001.

Age at diagnosis and time since diagnosis

Pearson correlations with one tailed test of significance
were used to determine the strength of the association
between age at diagnosis and the time since diagnosis
on the follow-up test results in those areas that differed
significantly from normative data (FSIQ, CVLD,
SPELL, VMI and ABC-F).

Significant correlations were found between age at
diagnosis and intellectual ability, FSIQ (r = 0.66,
P = 0.014) and adaptive behaviour at follow-up, ABC-
F (r = 0.52, P = 0.05) indicating older age at diagnosis
was associated with better outcome. Significant corre-
lations were found between time since diagnosis and
intellectual ability, FSIQ (r = -0.57, P = 0.034) and

Table 5 Neuropsychological and academic results at follow-up
(n=21)

M SD Range
PIQ* 90.67 18.27 51-126
VIQ* 87.24 16.69 50-112
FSIOQ* 88.10 17.68 44-121
CVTOT 44.73 10.40 28-69
CVSD -0.300 0.88 -2.0-15
CVLD* -0.667 1.01 -2.5-0.5
READ 95.71 14.56 50-127
MATH 94.33 14.19 50-121
SPELL* 87.86 16.51 50-119
FLUENT 10.89 3.43 3-19
VMI#* 88.16 12.24 67-109

P < 0.05, *P < 0.01, **P < 0.001
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adaptive behaviour, ABC-F (r =-0.570, P = 0.034)
indicating that the longer the time since treatment the
worse the outcome. There was a significant correlation
between age at diagnosis and time since diagno-
sis(r = -0.80, P = 0.001) indicating these two variables
are confounded. No significant correlations were found
between age and time since diagnosis on the other
variables.

Tumour location

Intellectual ability and adaptive behaviour in survivors
in both the PF and ST groups is presented in Table 6.
Visual analysis suggests slightly worse outcomes for the
ST group but there were no statistically significant
differences between FSIQ scores in PF vs. ST groups,
1(19) = 0.740, P =0.489, or ABC-F, #(18)=-1.37,
P =0.208. A moderate Effect Size was find between
the groups on the ABC-F (ES = 0.06).

Treatment type

There was considerable variability in the treatments
received. The survivor group was divided according to
those who had radiotherapy included in treatment and
those who had not. Nine had surgery, chemotherapy
and radiotherapy and three had surgery and radio-
therapy, the remaining nine had combinations of
biopsy, surgery and chemotherapy but not radiother-
apy. Summary results are presented in Table 7.

Initial analysis on the adaptive skills data at baseline
was conducted to determine if there were differences
between the survivors who were ultimately treated
with radiotherapy or not. The mean ABC-B differed
by almost one standard deviation between the two
groups. This difference reaches statistical significance
(t=-2.74, df =11, P =0.019). Against expectations
the group who received radiotherapy scored more

Table 6 Tumour location, intelligence and adaptive behaviour

PF (n = 13) ST (n =8)

M (SD) M (SD)
FSIQ 89.90(17.74) 83.75(19.72)
ABC-F 92.42(19.64) 81.00(18.32)

Table 7 Treatment groups, intelligence and adaptive behaviour

Treatment Baseline Follow-up FSIOQ
ABC-B ABC-F
No radiotherapy ~ 86.24 (7.14)  78.79 (22.55) 80.74 (19.75)

Radiotherapy 100.56 (9.21)  95.18 (13.54)  92.67 (16.05)
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highly on FSIQ and ABC-F than those who did not
receive radiotherapy. None of these differences at
follow-up reached statistical significance. It is of some
considerable interest however that before treatment
the children who went on to receive radiation scored
more poorly on the VABC-B than the children who
went on to receive treatment that did not include
radiotherapy. This data demonstrates the importance
of obtaining baseline data and the considerable diffi-
culty that exists in making assumptions about equality
of tumour and treatment groups on developmental
variables. The results displaying a difference between
the two groups at baseline suggest that effect of
treatment cannot be separated from effect of the initial
differences in development.

Age and time since treatment for children treated
with radiotherapy

Eleven of the 21 survivors were treated with radio-
therapy. The mean age at which the radiotherapy
treatment was completed was 4.09 years and the mean
time since completion of the radiotherapy was
17 months. No significant correlations were found be-
tween age at radiotherapy or time since radiotherapy
on the outcome measures.

Posterior fossa tumours with and without
radiotherapy

Seven children with PF tumours received radiotherapy
and six did not. Only seven of these children had
undergone baseline assessment. The mean ABC-B of
the two children who had no radiotherapy was 86.50
(SD = 4.95). This suggests that these two children had
mild delays in development. While this is informative it
is not reasonable to suggest that results based on these
two children can be extrapolated to be representative
of the greater population of children who present with
PF tumours. This data may also indicate a relationship
between presentation with developmental delay and
treatment decisions. The mean VABC-B of the five
children who had baseline assessments and went on to
have radiotherapy was 99.80 (SD = 11.95). This figure
suggests the group who did go on to have radiotherapy
had normal development at the time of diagnosis. The
mean VABC-F score in this group was 93.00
(SD = 17.45). While it is possible that the 6 point dif-
ference in the two scores represents a decline this
cannot be demonstrated statistically in such a small
group and the difference does not reach a moderate
effect size (ES = 0.45).

Table 8 VABS at baseline and follow-up (n = 13)

Baseline M (SD) Follow-up M (SD)

COM* 100.00 (10.82) 84.92 (16.36)
DLS 97.62 (7.75) 90.15 (17.13)
soC 98.31 (13.46) 95.69 (19.24)
MOT 93.77 (11.70) 84.85 (19.28)
ABC 96.15 (10.79) 86.38 (17.74)
P < 0.01

Adaptive function at baseline and follow-up (n=13)

Only 13 children were assessed at both the baseline
and the follow-up on the VABS due to difficulties in
data collection. The results are presented in Table 8.

A visual analysis reveals deterioration in all domains
to a greater or lesser extent across time. Paired sample
t-tests indicates that this difference reaches statistical
significance in the Communication Domain,
t(12) = 3.094, P = 0.009. The 10 point difference be-
tween the ABC scores approaches, but does not reach
statistical significance, #(12) = 1.886, P = 0.084. Effect
size analyses finds this to be a moderate effect size
ABC (ES = 0.64). Effect size analysed also finds a
clinically significant effect size in the difference be-
tween baseline and follow-up on COM (ES = 1.05) and
moderate effect sizes on DLS (ES = 0.54) and MOT
(ES = 0.54).

Discussion

Infants diagnosed with brain tumours in infancy display
variable developmental progress in adaptive behav-
iour. Some infants display delays in adaptive behaviour
at diagnosis. As a group, children diagnosed with brain
tumours in infancy display delays in daily living skills,
socialisation skills, motor skills and general adaptive
behaviour skills compared with normative data. This is
consistent with a previous report [24] of the variability
in IQ scores in children assessed at baseline. These
authors reported a median baseline 1Q value of 88, and
a range of 50-111. This analysis indicates it is critical to
have baseline information in order to meaningfully
evaluate follow-up data. It also raises the question that
treatment decisions may be made on the basis of the
developmental status of the child at presentation.
Children who survive diagnosis and treatment of
tumour in infancy display deficits of skills in commu-
nication, daily living, motor skills and general adaptive
behaviour in the year of their fifth or sixth birthday.
These children also display deficits of visuo-spatial
skills, language skills, general intellectual ability,
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memory, visuo-motor integration and spelling. Follow-
up assessments were conducted in the year in which
children generally begin formal schooling. The deficits
in adaptive behaviour and cognitive skills have con-
siderable implications for school placement, support
requirements and social and academic achievement.

Outcomes in adaptive behaviour and neuropsycho-
logical function were associated with age at diagnosis
and time since diagnosis. Poorer outcomes were asso-
ciated with both younger age of diagnosis and longer
time since diagnosis, although these two variables were
also confounded. Interestingly at the time of diagnosis
there was no correlation between age and adaptive
behaviour. This suggests that a significant arrest of
development occurs at or around the time symptoms
precipitate diagnosis and treatment. The average time
since diagnosis was approximately 2 years. The drop in
the Standard Scores on the Communication Skills
Domain of the VABS was 15 points and the ABC was
10 points. A prospective study [24] of neuro-develop-
mental outcome in children treated for medulloblas-
toma under the age of 5 years with chemotherapy and
planned delayed radiation documented a decline in
intelligence at the rate of 3.9 points per year. The drop
in points on the VABS and Communication Skills
Domain was greater than this in this study.

There was no difference between survivors who re-
ceived radiotherapy (in both the PF and ST groups)
and those who did not on the outcome measures.
However, the treatment groups were dissimilar in
terms of their development at baseline and time since
treatment was short with the average time since com-
pletion of radiotherapy just 17 months. Previous stud-
ies have shown that the effect of radiotherapy increases
with time since treatment. Children with PF tumours
who received radiotherapy did appear to show a de-
cline in adaptive behaviour but subject numbers were
too small for meaningful statistical analyses. The 6
point drop in the ABC scores over time is however
approximately consistent with the drop in skills found
in Walter et al. [24] study.

Clearly, delays in developmental status at the time
of diagnosis indicate that the tumour has an effect on
the developing brain of infants. Moderate and clini-
cally significant effect sizes indicates decline in adap-
tive skills over time and statistically significant deficits
compared with normative data in children at follow-up
approximately 2 years later. The effect of individual
treatments could not be isolated in this study firstly as
the children who received radiotherapy and those who
did not were not equivalent in terms of their
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development prior to treatment and secondly due to
small subject numbers. In addition, radiotherapy is
used in the treatment of the most aggressive tumours.
Theoretically it is not possible to determine whether
psychological deficits that occur during the treatment
period are due to the impact of the growing tumour or
to the impact of the treatment. However other studies
[14, 15] have concluded that chemotherapy does have
an impact on the psychological skills and the majority
of the impact of radiotherapy has been found to occur
following treatment completion in other studies.

One of the most important findings demonstrated by
this study is the importance of baseline testing for
children at the time of diagnosis of a brain tumor. It
should be a standard of care for children with brain
tumours. This study also demonstrates that these chil-
dren are at high risk of academic failure. Further re-
search needs to be conducted in order to determine the
ongoing nature of difficulties experienced by these
children.

This study has a number of limitations. Several ini-
tial baseline assessments could not be conducted due
the difficulty of making contact and appointments with
parents of children at the time of diagnosis. This is
probably due initially to the mobility of parents at this
stage and the fact that parents stay in hospital wards or
alternative accommodation while their child is hospi-
talised and are not easily located. Appointments made
were also often cancelled as the status of the child
deteriorated and they were readmitted to hospital. The
demands of care of other children in young families
occasionally took precedence over appointments. A
number of referrals were also made for baseline
assessments of children who ultimately received treat-
ment at other institutions. There was also a very high
attrition due to death. This resulted in small subject
numbers and the associated lack of power in the
statistical analyses. Furthermore, additional data col-
lection during the years between baseline and school
entry would have allowed a repeated measures anal-
ysis that would have increased the power of the
study. Comparison with a control group of children
treated for non-neurological tumours may be helpful
in better understanding the contribution of the tu-
mour and its treatment to adaptive function and
intellectual ability.

Acknowledgements This project was funded by grants received
from the Bluey Day Foundation, Melbourne Australia. Thank
you to Ms. Natalie Grapsas, nurse co-ordinator for assistance
with organisation of referrals. Most importantly thank you to the
children and families who participated.



J Neurooncol (2006) 80:295-303

303

References

10.

11.

12.

13.

14.

15.

. Rosenfeld JV, Ashley D (2000) Management of brain tumours

in the pediatic patient. In: Kaye AH, Laws ER (eds) Brain
tumours, 2nd edn. Churchill Livingston, London

. Hoppe-Hirsch E, Renier D, Lelliuch-Tubiana A, Sainte-

Rosen C, Pierre-Kahn A, Hirsch JF (1990) Medulloblastoma
in childhood: progressive intellectual deterioration. Childs
Nerv Syst 6:60-65

. Glauser T, Packer RJ (1991) Cognitive deficits in long-term

survivors of childhood brain tumours. Childs Nerv Syst 7:2-12

. Ris MD, Noll RB (1994) Long-term neurobehavioural out-

come in pediatric brain tumour patients: review and meth-
odological critique. J Clin Exp Neuropsychol 16:21-42

. Dennis M, Spiegler BJ, Hetherington CR, Greenberg ML

(1996) Neuropsychological sequelae of the treatment of
children with medulloblastoma. J Neuro-Oncol 29:91-101

. Stargatt R, Anderson V, Rosenfeld JV (2002) Neuropsy-

chological outcomes of children treated for posterior fossa
tumours: a review. Brain Impair 3(2):92-104

. Merchant TE, Lee H, Zhu J, Xiong X, Wheeler G, Phipps S,

Boop F, Sandford RA (2004) The effects of hydrocephalus
on intelligence quotient in children with localized infraten-
torial ependymoma before and after focal radiation therapy.
J Neurosurg Pediatr 2(101):159-168

. Ellenberg L, McComb JG, Siegel SE, Stowe S (1987) Factors

affecting intellectual outcome in pediatric brain tumour pa-
tients. Neurosurgery 21:638-644

. Pompili A, Caperle M, Pace A, Ramazzotti V, Raus L,

Jandolo B, Occhipinti E (2002) Quality of life assessment in
patients who had been surgically treated for cerebellar pil-
ocytic astrocytoma in childhood. J Neurosurg 96:229-234
Mulhern RK, Horowitz ME, Kovnar EH, Langston J, San-
ford RA, Kun LE (1989) Neurodevelopmental status of in-
fants and young children treated for brain tumours with pre-
irradiation chemotherapy. J Clin Oncol 7:1660-1666
Anderson V, Smibert E, Ekert H, Godber T (1994) Intel-
lectual, educational, and behavioural sequelae after cranial
irradiation and chemotherapy. Arch Dis Child 70(6):476-483
Espy KA, Moore IM, Kaufmann PM, Kramer J, Hutter JJ,
Matthay K (1999) Treatment-related change in neuropsy-
chologic function in children with ALL. International
Neuropsychological Society, Boston, MA

Espy KA, Moore IM, Kaufmann PM, Kramer JH, Matthay
K, Hutter JJ (2001) Chemotherapeutic CNS prophylaxis and
neuropsychologic change in children with acute lympho-
blastic leukemia: a prospective study. J Pediatr Psychol
26(1):1-9

Kiltie A, Lasford LS, Gattamaneni HR (1997) Survival and
late effects in medulloblastoma patients treated with crani-
ospinal irradiation under three years old. Med Pediatr Oncol
28:348-354

Rutkowski S, Bode U, Deinlein F, Ottensmeier H,
Warmuth-Metz M, Soerensen N, Graf N, Emser A, Tietsch
T, Wolff J, Kortmann R, Kuehl J (2005) Treatment of early
childhood medulloblastoma by postoperative chemotherapy
alone. N Engl J Med 352(10):978-986

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

Heideman R, Packer R et al (1997) Tumours of the central
nervous system. In: Poplack PPD (ed) Principles and practice
of pediatric oncology. Lippincott-Raven, Philadelphia, p 682
Pfefferbaum-Levine B, Copeland D, Fletcher J, Reid H,
Jaffe N, McKinnon W (1984) Neuropsychological assessment
of long-term survivors of childhood leukaemia. Am J Pediatr
Hematol/Oncol 6:123-128

Hoppe-Hirsch E, Brunet L, Laroussinie F, Cinalli G, Pierr-
Kahn A, Renier D, Sainte-Rose C, Hirsch JF (1995) Intel-
lectual outcome in children with malignant tumors of the
posterior fossa: influence of the field of irradiation and
quality of surgery. Childs Nerv Syst 11(6):340-345

Cousens P, Waters B, Said J, Stevens M (1988) Cognitive
effects of cranial irraditation in leukaemia: a survey and
meta-analysis. J Child Psychol Psychiatry 29(6):839-852
Danoff B, Cowchock S, Marquette C, Mulgrew L, Kramer S
(1982) Assessment of the long-term effects of primary radi-
ation therapy for brain tumors in children. Cancer 49:1580—
1586

Packer JR, Sutton LN, Atkins TE, Radcliff J, Bunin GR,
D’Angio G, Seigel KR, Schut L (1989) A prospective study
of cognitive function in children receiving whole-brain
radiotherapy and chemotherapy: 2 year results. ] Neurosurg
70:707-713

Jenkin D, Danjoux C, Greenberg M (1998) Subsequent
quality of life for children irradiated for a brain tumor before
age four years. Med Pediatr Oncol 31:506-511

Duffner PK, Jackson LA, Cohen ME (1996) Neurobehav-
ioral abnormalities resulting from brain tumors and their
therapy. CRC Press Inc., pp 289-307

Walter AW, Mulhern RK, Gajjar A, Heideman RL,
Reardon D, Sandord RA, Xiong X, Kun L (1999) Survival
and neurodevelopmental outcome of young children with
medulloblastoma at St Jude Children’s Research Hospital. J
Clin Oncol 17(12):3720-3728

Sparrow S, Balla DA, Cichetti DV (1984) Vineland adaptive
behaviour scales: interview edition, survey form manual.
American Guidance Services, Circle Pines, MN

Wechsler D (1989) Manual for the Wechsler preschool and
primary scale of intelligence — revised. The Psychological
Corporation, San Antonio

Delis DC, Kramer JH, Kaplan E, Ober BA (1994) Manual
for the California verbal learning test — children’s version.
The Psychological Corporation, San Antonio

Wechsler D (1992) The manual for the Wechsler individual
achievement test. The Psychological Corporation, San
Antonio

Korkman M, Kirk U, Kemp S (1998) The manual for the
NEPSY: a developmental neuropsychological assessment.
The Psychological Corporation, San Antonio

Beery KE, Buktenica NA (1997) The manual for the
developmental test of visual-motor integration. Modern
Curriculum Press

Tabachnick BG, Fidell LS (2000) Using multivariate statis-
tics, 4th edn. Allyn & Bacon, Boston

@ Springer



	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Tab1
	Sec8
	Sec9
	Sec10
	Sec11
	Tab2
	Tab3
	Sec12
	Sec13
	Sec14
	Tab4
	Tab5
	Tab7
	Tab6
	Sec15
	Sec16
	Sec17
	Sec18
	Tab8
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


