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A B S T R A C T

Purpose
To determine whether pediatric patients treated with surgery only for low-grade tumors in the
cerebral hemispheres, supratentorial midline, and exophytic brainstem evidence neurocognitive,
academic, adaptive, or emotional/behavioral sequelae.

Patients and Methods
Ninety-three patients from a natural history study of low-grade astrocytomas were tested an average
of 111 days after surgery. Rates of below average (� 25th percentile) scores in this sample were
compared with test norms, and performances were compared across anatomic sites. Finally, the
relationships of pre-, peri-, and postsurgical complications to outcome were investigated.

Results
For the entire sample, there was a significantly elevated rate of below average scores across
intelligence quotient, achievement, and adaptive behavior, but not behavioral/emotional adjustment
measures. Patients with hemispheric, midline, and brainstem tumors did not differ significantly.
Patients with left hemisphere tumors generally performed worse than those with right hemisphere
tumors. Finally, neurobehavioral outcome was unrelated to pre-, peri-, or postsurgery complications.

Conclusion
After surgery for low-grade brain tumors, a significant number of patients was found to function below
average, by as much as 55% compared with 25% in the normative population. Moreover, these
results suggest greater risk for patients with lesions situated in the left cerebral hemisphere. Routine
neuropsychological follow-up of children after treatment for low-grade tumors is recommended.

J Clin Oncol 26:4765-4770. © 2008 by American Society of Clinical Oncology

INTRODUCTION

A substantial percentage of childhood tumors are
classified as low grade (ie, nonmalignant) based on
their histologic features. Because they are assumed
to have a benign course, less is known about the
outcomes of such patients compared with patients
who have more malignant diseases and who receive
more aggressive neurotoxic treatments. However,
there is mounting evidence that children with low-
grade tumors may suffer more long-term sequelae
that are widely appreciated. For low-grade tumors
of the cerebellum, we recently reported lower
than expected intelligence quotients (IQs) and
deficits in adaptive behavior in a large sample of
patients treated with surgery only.1 These findings
generally agree with several reports on similar
patients documenting various forms of neurobe-
havioral morbidity,2-5 consistent with the grow-
ing literature implicating the cerebellum in

circuits subserving several cognitive and emo-
tional regulatory functions.6

Concerns about the outcomes of these un-
derstudied patients are compounded by their
prevalence because these patients constitute ap-
proximately a quarter of the pediatric brain tumor
patients diagnosed and presumably an even
greater proportion of long-term survivors.7 From
the perspective of net social burden, these chil-
dren may be one of the most at-risk groups of
children treated for brain tumors as a result of
lifetime accrued costs associated with disability
and underemployment.

Brain tumors in adults and children differ in a
number of important respects.8 These differences
notwithstanding, the best evidence to date indicates
that reduced cognitive performance of adults with
low-grade tumors, compared with other cancer pa-
tients and healthy controls, is mainly attributable to
the effects of the tumor and, perhaps, antiepileptic
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medications. Neurocognitive sequelae attributable to conventional
radiotherapy (45 to 54 Gy in 1.8- to 2-Gy fractions) are infrequent.9

When radiotherapy fractions exceed 2 Gy, however, radiation-related
late effects can occur.10

Investigations into the outcomes of children with low-grade tu-
mors are important to better define long-term risks and to provide
appropriate interventions to mitigate these effects. This research can
also inform the development of treatment approaches that reduce
neurobehavioral sequelae. Extending the findings of our previously
reported study of patients with cerebellar tumors,1 this article reports
the neurobehavioral findings of the largest sample yet published of
children with extracerebellar low-grade tumors.

PATIENTS AND METHODS

Sample

The sample was comprised of 93 children age 3 to 18 years who were
enrolled onto Children’s Cancer Group protocol 9891 or Pediatric Oncol-
ogy Group protocol 9130 between 1991 and 1996 (Wisoff et al, manuscript
under review). These protocols (which include the psychometrics reported
here) were approved by the institutional review boards at all participating
institutions, and all patients and/or their guardians gave informed consent.
The sample included only children who had undergone surgical resection
of their tumors but received no antineoplastic chemotherapies or radio-
therapy before psychological testing. Because the psychological tests in-
cluded in the collaborative protocols have poor technical qualities in very
young children, only children age 3 years and older were considered. A
previous article1 focused on children with cerebellar tumors, whereas this
article focuses on the subgroup of children who had primary tumors
outside the cerebellum. Of 256 such children who met these criteria, 93
underwent psychological testing within the first year after surgery (median,
90 days; range, 8 to 361 days); 10 patients were tested before surgery or
greater than 1 year after surgery, 150 were unevaluated, and three were
excluded as a result of problems with the testing. Reasons for failure to be
tested were not consistently documented in this study. However, as is often
the case in cooperative group protocols, the most frequently cited reasons
were failure to refer for testing and the lack of availability of a psychologist
to perform the testing. The psychological testing was a recommended but
not required part of the parent study, and so this likely contributed to less
than optimal compliance. The 93 patients tested after surgery were as-
signed by tumor location into one of the following three groups based on
site data provided by the operating neurosurgeons and verified via central
review: supratentorial-cerebral hemisphere (n � 58); supratentorial-
midline (ie, chiasmatic, hypothalamic, thalamic, or third ventricle;
n � 20); and exophytic brainstem (ie, midbrain, pons, or cerebellar pedun-
cle; n � 15). The cerebral hemisphere patients were further divided into
subgroups defined by location (right side, n � 23; left side, n � 31; and
unknown/bilateral, n � 4; also, frontal, n � 9; extrafrontal, n � 43; and
unknown, n � 6).

The median age when tested was 10.1 years, with a range of 3.3 to 18.6
years. Girls comprised 51% of the sample, which was largely white (77%),
African American (12%), or Hispanic (3%). Of the 72 patients for whom
parent educational information was available, the median parent education
was 14 years (2 years of post–high school, college, or technical training). The
three analyzed groups did not significantly differ in time since surgery, sex, or
race (P � .15). However, there was a difference in age tested (P � .006); the
hemispheric group had the oldest children, with a median age of 12.4 years
compared with 9.4 years for the brainstem group and 7.4 years for the midline
group. This reflects differences in the ages of diagnosis for the tumors com-
prising these groups.

Procedure

Eligibility for the parent study (Children’s Cancer Group protocol 9891/
Pediatric Oncology Group protocol 9130) was based on histopathologic evi-
dence of low-grade astrocytoma, oligodendroglioma, mixed glioma, or
ganglioglioma according to prevailing WHO standards confirmed by central
review (see Wisoff et al, manuscript under review, for a more complete de-
scription of the parent study). Enrolled children underwent maximal tumor
resection with follow-up supportive care. All children were judged to have no
disease progression when psychologically tested. Data on medical complica-
tions were gathered at three time points, yielding presurgical, perisurgical, and
postsurgical composite scores. The presurgical composite reflected the sum of
the following factors, coded based on presurgical radiologic studies and phys-
ical examination just before the surgery (median of 1 day before the surgery):
hydrocephalus (present � 1; absent � 0), seizures (present � 1; absent � 0),
and level of consciousness (normal � 0; lethargic or somnolent � 1). The
perisurgical composite reflected the sum of the following complications,
coded by the neurosurgeon at the treating institution: CNS infection, aseptic
meningitis, hematoma, new neurologic symptom, CSF leak, pseudomeningo-
cele, or other specific complication (each present � 1; absent � 0). The
postsurgical composite reflected the sum of the following ratings, made by the
neurosurgeon 1 week after surgery compared with the presurgical baseline:
level of consciousness and neurologic deficits (for each, better � �1; un-
changed � 0; worse � �1). Higher composite scores reflected greater medical
involvement or severity.

Psychological test data were gathered prospectively within the first year
of surgery (mean, 111 days after surgery; standard deviation, 78 days after
surgery). Intelligence was assessed with the age-appropriate Wechsler scale
(Wechsler Preschool and Primary Scale of Intelligence–Revised, n � 17;
Wechsler Intelligence Scale for Children [WISC] –Revised [WISC-R], n � 53;
WISC-Third Edition, n � 8; Wechsler Adult Intelligence Scale–Revised, n� 8;
no IQ data reported, n � 7), yielding a Verbal IQ score (reflecting language-
based skills), a Performance IQ score (PIQ; reflecting spatial and visuomotor
skills), and Full Scale IQ score (reflecting overall intelligence). In addition, on
the basis of subtest scaled scores, measures of working memory (WM; average
of digit span and arithmetic) and psychomotor speed (PS; coding or symbol
substitution) were derived from the IQ tests. Visuomotor skills were further
assessed by the Beery Test of Visual-Motor Integration. Academic skills were
screened with the Wide Range Achievement Test, yielding scores in reading,
spelling, and arithmetic. Parents were interviewed using the Vineland Adap-
tive Behavior Scales, which assessed the following functional domains: Com-
munication, Daily Living Skills, and Socialization. Parents of children younger
than 6 years also answered Vineland questions regarding the child’s motor
skills. Finally, parents were asked to complete the Achenbach Child Behavior
Checklist (CBCL), which yields an index of internalizing symptoms (eg, de-
pression, anxiety, somatic concern) and externalizing symptoms (eg, con-
duct problems).

Overview of Data Analysis

To assess for selection bias, we first used �2 analyses to compare
demographic and medical characteristics of the 93 children included in the
analysis with those of the 163 children who were not included. We then
focused on the present sample of 93 children, using single-sample t tests to
compare mean scores on the psychological tests with the expected mean
based on published norms (100 � 15 for all tests, except the CBCL with a
mean of 50 � 10 and the WM and PS scores of 10 � 3). As a complement
to this group-average analysis, we also indexed the percentage of children
in our sample who scored below average, which was defined as falling at or
less than the 25th percentile based on norms (ie, standard score � 90 for IQ
tests, Vineland, Wide Range Achievement Test, and Visual-Motor Integra-
tion; � 8 for WM and PS; and � 57 for the CBCL). This was compared with
the population base rate of 25% via the normal approximation to the
binomial test. This point of demarcation corresponds to conventional
designations of average and subaverage performances on intelligence
tests.11 Finally, we conducted group comparisons on the psychological
variables (using analyses of variance) and neurologic composites (using
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�2). Because of differences in sample sizes across measures, we ran univar-
iate analyses rather than multivariate analyses that would require list-wise
deletion of missing patients.

RESULTS

Comparing children included in the final analysis with those who
were not included, there were no significant differences in age, sex,
race, parental education, or pre-, peri-, or postsurgical neurologic
composite indexes (all P � .10). Thus, there was no indication of
selection bias.

Mean psychological test scores for the entire sample are listed
in Table 1. Included are t tests versus published norms and percent-
ages below average. The average to low average means reflect a shift
to the left in the distributions of scores, resulting in higher rates of
below average scores across all indexes except those from the CBCL
(Fig 1). Given that multiple statistical tests were run, we used
Holm’s sequential procedure to guard against type I errors. This
procedure has improved power over the Bonferroni correction
without sacrificing control of type I error.12 Under this procedure,
the most stringent Bonferroni � cutoff (0.05/17 in Table 1) is
applied only to the most statistically significant finding in the
family of analyses. If this threshold is crossed, then the next best
significance level obtained in the family is compared with a slightly
less stringent cutoff (0.05/16) and so on. Using this procedure,

eight of 14 significant t test findings and nine of 14 binomial test
findings remain after correction.

No significant differences at the P � .05 level were found when
comparing the three main subgroups (hemispheric, midline, and
brainstem). Only two comparisons resulted in trends at the P � .10
level. One was based on PIQ (P � .08), with means of 95.4 for the
hemispheric group, 85.4 for the midline group, and 86.5 for the brain-
stem group. The other was based on the PS (P � .09), with means of
9.6 for the hemispheric group, 8.3 for the midline group, and 7.3 for
the brainstem group. It should be noted that PS and PIQ are not
independent scores because coding and symbol search are on the
Performance scale of the WISC.

Table 2 lists the comparisons by hemispheric subgroup; sev-
eral comparisons were significant. Patients with right hemisphere
tumors generally had better scores. However, some of the sample
sizes were rather small. Comparisons of frontal versus extrafrontal
patients were precluded by the small number of patients with
frontal lesions (n � 9), resulting in insufficient statistical power.
Figure 2 presents the test score means for patients with brainstem,
supratentorial left hemisphere, supratentorial midline, and supra-
tentorial right hemisphere sites.

The pre-, peri-, and postsurgical composites were not associated
with cognitive or adaptive outcome. Of 51 correlations (three com-
posites � 17 outcome indexes), none reached the P � .05 level. There
was also no indication that age, sex, or time between surgery and

Table 1. Total Sample Scores and Percentage of Patients Below Average

Test No. of Patients

Score

t Test % of Patients Below AverageMedian Mean SD

Intelligence
VIQ 83 95 95.6 17.9 �2.3� 37.4†
PIQ 84 93 91.8 19.2 �3.9‡§ 46.4‡§
FSIQ 83 93 93.4 18.4 �3.3† 42.2‡§
WM 80 9 8.8 2.9 �3.7‡§ 40.0†
PS 60 9 8.9 3.4 �2.4� 45.0‡§

Beery VMI
Standard score 70 91 89.8 14.3 �6.0‡§ 48.6‡§

Achievement
Reading 58 94.5 92.5 21.5 �2.6� 39.7†
Arithmetic 59 93 89.6 20.4 �3.9‡§ 42.4†
Spelling 56 91.5 89.8 20.3 �3.8‡§ 46.4‡§

Adaptive behaviors
Communication 57 93 88.2 24.0 �3.7‡§ 43.9‡§
Daily Living Skills 57 91 90.7 23.0 �3.1† 49.1‡§
Socialization 57 87 87.5 22.2 �4.2‡§ 54.4‡§
Motor Skills 22� 81.5 80.8 27.3 �3.3† 54.6†
Composite 54 88.5 84.3 23.8 �4.8‡§ 53.7‡§

Achenbach CBCL
Internalizing 55 52 52.2 11.5 1.4 27.3
Externalizing 55 52 51.5 11.0 1.1 29.1
Sum 53 51 51.3 12.3 0.8 32.1

Abbreviations: SD, standard deviation; VIQ, Verbal Intelligence Quotient; PIQ, Performance Intelligence Quotient; FSIQ, Full Scale Intelligence Quotient; WM,
working memory; PS, psychomotor speed; VMI, Visual-Motor Integration; CBCL, Child Behavior Checklist.

�P � .05.
†P � .01.
‡P � .001.
§P value remained significant after correction for multiple comparisons.
�The smaller number is attributable to the fact that the Motor Scale of the Vineland assesses only children � age 6 years.
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testing correlated substantially with the test results; only two of 51
correlations reached the P � .05 level of significance (within expecta-
tions for chance events). Age was significantly correlated with motor
skills on the Vineland test (P � .003).

DISCUSSION

It is concluded that, like children treated for low-grade brain tumors of
the cerebellum,1 children with tumors in the cerebral hemispheres,
supratentorial midline structures, and brainstem are at increased risk
for compromised neurobehavioral functioning. Although the sample

Full Scale IQ of 93 falls in the average range, it still represents approx-
imately half a standard deviation decline compared with what would
be expected based on the parent educational attainment of 14 years,
which would portend, if anything, a somewhat above average IQ
because the study sample is more highly educated than the normative
sample for the test.13 Furthermore, the adverse impact of these tumors
may be even more evident in the patients’ adaptive behavior, but not
in their overall emotional and behavioral adjustment. Because adap-
tive behavior reflects, to some extent, the degree of success patients
have in using their cognitive skills in a functional, goal-directed man-
ner, this is a critical dimension of outcome that is often overlooked.
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erage (with 95% CI). VIQ, Verbal Intelli-
gence Quotient; PIQ, Performance
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Table 2. Left v Right Hemisphere Locations

Test

Left Side (n � 31) Right Side (n � 23) ANOVA

No. of Patients Mean Score SD of Score No. of Patients Mean Score SD of Score F P

Intelligence
VIQ 26 91.0 17.8 23 100.2 17.1 3.4 .07
PIQ 26 94.9 20.3 23 96.3 13.7 0.1 .78
FSIQ 26 92.0 19.1 23 98.3 15.5 1.6 .21
WM 26 8.3 3.1 20 9.4 2.7 1.7 .20
PS 18 9.6 3.9 18 10.0 2.6 0.2 .69

Beery VMI
Standard score 23 89.6 12.8 16 88.1 11.2 0.1 .71

Achievement
Reading 17 91.8 19.5 19 100.5 20.3 1.7 .20
Arithmetic 17 84.9 18.1 19 98.1 20.0 4.3 .05�

Spelling 16 85.8 16.3 19 99.3 20.0 4.7 .04�

Adaptive behaviors
Communication 20 79.1 26.8 9 100.7 14.6 5.1 .03�

Daily Living Skills 20 82.1 25.0 9 100.0 14.7 3.9 .06
Socialization 20 80.5 28.6 9 96.3 13.7 2.5 .13
Motor Skills 6 82.5 38.1 3 99.0 12.1 0.5 .50
Adaptive Behavior Composite 19 76.5 26.6 8 97.0 16.5 4.0 .06

Achenbach CBCL
Internalizing 21 54.8 11.5 12 47.7 8.5 3.5 .07
Externalizing 21 53.1 10.9 12 47.1 12.4 2.1 .16
Sum 21 53.9 13.5 12 46.7 12.1 2.3 .14

Abbreviations: ANOVA, analysis of variance; SD, standard deviation; VIQ, Verbal Intelligence Quotient; PIQ, Performance Intelligence Quotient; FSIQ, Full Scale
Intelligence Quotient; WM, working memory; PS, psychomotor speed; VMI, Visual-Motor Integration; CBCL, Child Behavior Checklist.

�P � .05.
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These results do not seem to be attributable to statistical artifact
such as the Flynn Effect or confounds introduced by the different
versions of the IQ tests used (WISC-R v WISC-Third Edition). Be-
cause by far the most frequently used test was the WISC-R (n � 53),
which was standardized in 1973 but applied here in the 1990s, the
Flynn Effect would be to artifactually increase the IQs of our partici-
pants, which would be null biasing. In addition, because the WISC-R
was standardized earlier than all of the other versions of IQ tests used
in this study (Wechsler Preschool and Primary Scale of Intelligence–
Revised and Wechsler Adult Intelligence Scale–Revised), test version
would have the effect of decreasing but not eliminating this conserva-
tive bias. So, taking into account the more highly educated parents in
our sample and the Flynn Effect, ours would seem to be a conservative
benchmark for comparison of the participants’ outcomes.

Across the three major groupings by location (hemispheric, mid-
line, and brainstem), there was no significant difference, although
there was a noteworthy trend toward better outcomes in patients with
cerebral hemisphere tumors. Whether this trend suggests location
effects or age at diagnosis effects cannot be determined because
these two variables were confounded in this sample. Consistent
with the literature on adult low-grade gliomas,10 within the hemi-
spheric group, patients with left hemisphere tumors were at signifi-
cantly greater risk than patients with right hemisphere tumors. The
impact of left hemisphere tumors was especially evident on language
functions (Verbal IQ and Communication), which is consistent with
what is known about the functional organization of the brain. This

also lends credence to the interpretation that these are tumor/
treatment-related effects, not just normal variation. Two other trends
that were found also make sense vis-à-vis functional neuroanatomy—
that PIQ and PS are more affected in patients with midline and
brainstem lesions. This is because of the likely encroachment on
neural systems involved in vision (eg, chiasmatic tumors) and pyra-
midal tracts (eg, brainstem tumors) in these patients; tasks comprising
both PIQ and PS place heavy demands on perceptual-motor speed.
The significant motor skills � age correlation is accounted for by the
fact that only young children receive a score in this area on the Vine-
land and that patients with midline and brainstem tumors were over-
represented in this group.

The absence of a relationship between outcome and time since
surgery would argue against these results being attributable to resolv-
ing postsurgical effects or, conversely, as representing the emergence
of late effects commonly seen in patients treated with radiation ther-
apy. With these cross-sectional data, it is not possible to disentangle
the multitude of disease and treatment factors that could affect neu-
robehavioral outcome, although the correlational analyses showing
no relationship to pre-, peri-, and postsurgical complications would
argue against these having a significant impact.

There are several ways in which further late effects research on
low-grade tumors in children can be of benefit. First, from a limited
resource allocation standpoint, it is important in providing effective
follow-up treatment and surveillance to know which children are at
increased risk for which type of neurobehavioral complication. For
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example, this study would suggest that patients with tumors of the left
cerebral hemisphere are at particular risk for problems in language
and communication, whereas emotional/behavioral problems are not
common. Second, smaller effect sizes notwithstanding, interventions
to ameliorate brain tumor sequelae may be more effective when ap-
plied to these less damaged children, moving more of them into the
normal range, which is an important consideration for clinically sig-
nificant change.13 Third, this research offers a more sensitive metric
for ascertaining costs and benefits associated with more and less
aggressive surgery, as has been demonstrated in the case of cranio-
pharyngioma where less aggressive surgery results in decreased mor-
bidity.14 There is also the matter of the repeated treatments these
patients often undergo. For patients with subtotal resections, half or
more will have recurrences requiring further treatment.15 Presently,
little is known about the neurobehavioral outcome after a single treat-
ment, and almost nothing is known about morbidity associated with
recurrences and subsequent therapies.

Although this study of an unusually large sample of patients
diagnosed and treated in a highly uniform way yielded important
findings about the outcomes of children with low-grade tumors, the
conclusions to be drawn are limited by several factors. First, although
there was no evidence of sampling bias, this cannot be totally ruled
out. However, our experience with many cooperative group studies
argues that the failure to complete psychological testing is most often a
consequence of availability of testing resources at the treating institu-
tion, rather than patient characteristics. Second, the mean length of
follow-up was approximately 3.5 months after surgery, and thus,
the longer term risks associated with these tumors cannot be de-
termined. However, correlational analyses and other research on
smaller samples2-4 would argue that these effects do not resolve over
time. Third, although the overall sample was large, contrasts for indi-
vidual tests/scores and those comparing subgroups were sometimes

limited in power, thereby increasing the chance of spurious null find-
ings. Fourth, although an extensive battery of diverse neurobehavioral
functions was used in this study, it would be important to study such
patients using more precise neuropsychological instruments to better
understand the extent and nature of their long-term vulnerabilities.16

Finally, the design used in this study is limited in that it can only
suggest what causal factors are at play in producing these outcomes.
Therefore, the apportionment of variance to host (including pre-
existing), contextual, disease, and treatment factors remains to be
determined. However, the results of this study argue that neuropsy-
chological surveillance of children treated for low-grade brain tumors
should be routine and would allow early and, perhaps, preemptive
intervention to optimize their outcomes.
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