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A B S T R A C T

Purpose
Conformal radiation therapy (CRT) aims to limit the highest radiation dose to the tissue volume at
risk while sparing surrounding normal tissues. This study investigated whether treatment of
childhood ependymoma with CRT would preserve cognitive function. Academic competence was
chosen as the primary outcome measure given it is a measure of applied cognitive abilities in a
child’s natural setting.

Patients and Methods
Eighty-seven pediatric patients diagnosed with ependymoma received CRT in which doses
ranging from 54.0 to 59.4 Gy were prescribed to the postoperative tumor bed with a 10-mm
clinical target volume margin. Cognitive testing was conducted at the start of CRT, 6 months, and
annually after the start of CRT. The median length of follow-up was 59.6 months. Academic testing
included subtests from the Wechsler Individual Achievement Test (WIAT) and the Achenbach
Child Behavior Checklist.

Results
Linear mixed models with random coefficients revealed a modest but significant decline in reading
scores during follow-up (WIAT slope estimate �0.064 � 0.028 points/month; P � .026). Math and
spelling performance remained stable. Supratentorial tumor location and multiple surgeries were
predictive of worse reading performance at CRT baseline. Male sex, longer symptomatic interval,
pre-CRT chemotherapy, pre-existing endocrine deficiencies, hydrocephalus, and younger age at
CRT (� 5 years) were predictive of a significant decline in reading scores over time.

Conclusion
CRT may result in better long-term cognitive outcomes when compared to conventional radiation
therapy approaches. Reading appears more vulnerable than other academic skills and may decline
over time despite stable intellectual functioning.

J Clin Oncol 26:3965-3970. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Ependymoma is the third most common CNS tu-
mor of childhood, affecting approximately 300 indi-
viduals under 19 years of age in the United States
annually.1 Successful management typically in-
cludes surgery and postoperative radiation therapy.
Treatment advances have lead to improved survival
rates with 3-year progression-free survival estimates
as high as 75%.2 As survival rates improve, an in-
creased understanding of the long-term functional
impact of treatment becomes imperative.

Children who receive radiation for ependy-
moma are at increased risk for impairments in en-
docrine, neurologic, and cognitive functioning.3

Findings of adverse cognitive outcomes typically
come from studies investigating whole-brain irradi-
ation at 18, 24, and 36 Gy, doses customarily used in
the treatment of medulloblastoma and acute lym-

phoblastic leukemia.4 There is evidence to suggest
total radiation dose and volume of irradiated brain
play a significant role in neurocognitive outcome,
with lower doses of cranial radiation associated with
less intellectual impairment.5,6 Thus, there is strong
rationale for reduction in radiation dose and volume
when appropriate tumor control can be maintained
for localized pediatric brain tumors.

Conformal radiation therapy (CRT) encom-
passes planning and delivery techniques developed
to limit the highest radiation dose to volumes at risk
for tumor while sparing surrounding normal tis-
sues. The planning process incorporates three-
dimensional imaging and sophisticated software to
delineate treatment volume and important normal
tissue structures to optimize dose distributions.2 A
preliminary report of CRT in children with localized
ependymoma revealed a high rate of disease control
and stable neurocognitive performance at a median
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of 38 months post-treatment.2 Radiation dosimetry was predictive of
intellectual functioning (IQ) after CRT in the same group of patients.4

A progressive decline in intellectual functioning after irradiation
of larger brain volumes has been well-established.7-9 Academic com-
petence has received less research attention despite being a measure of
applied cognitive functioning in a child’s natural setting. While IQ and
academic performance are correlated in typically developing children,
a dissociation in these abilities has been found in certain clinical
populations,10-13 including cancer survivors.14 It is well established
that utilization of special education services is increased among chil-
dren treated with conventional radiation therapy for brain tu-
mors6,15,16 and cranial irradiation has been associated with poor
academic performance on standardized measures in childhood brain
tumor survivors.14,15,17 Studies have also found declines in academic
functioning for children 2 to 5 years after irradiation.18,19

For this study, academic testing was conducted at the start of CRT, 6
months,andannuallyafterthestartofCRTinthecontextofaprospective,
longitudinal phase II trial of CRT. The overarching premise for the trial is
that treatment with smaller-than-conventional irradiation volumes may
reduce adverse effects without affecting tumor control. Accordingly, we
hypothesized there would be no significant decline in academic perfor-
mance after CRT. A secondary goal was to investigate the impact of
demographic and clinical variables on long-term academic abilities,
which has not previously been reported for CRT in childhood brain
tumor survivors. We hypothesized that variables corresponding to more
aggressive disease (eg, endocrine dysfunction at presentation) and more
aggressive treatment (eg, pre-CRT chemotherapy) would be associated
with poorer academic outcomes.

Studies investigating neurocognitive outcomes in brain tumor
survivors have been limited by small, heterogeneous samples. Even
studies of posterior fossa tumors have typically combined patients
with medulloblastoma and ependymoma despite different treatment
approaches and functional outcomes.5,9,18 To our knowledge, this is
the largest study to date of children treated for localized ependymoma.
The longitudinal design and sample size allows for a thorough inves-
tigation of predictors of academic performance not previously re-
ported in the literature.

PATIENTS AND METHODS

Patients

From July 1997 through June of 2007, 131 patients with intracranial
ependymoma were enrolled on a phase II trial of CRT. Criteria for study
enrollment included age between 1 and 25 years at the time of irradiation,
histologic confirmation of intracranial ependymoma, no evidence of dissem-
ination, no prior irradiation, no ongoing chemotherapy, and adequate perfor-
mance status (Eastern Cooperative Oncology Group performance grade 0 to
2).20 The study was approved by the institutional review board and written
informed consent was required before participation.

While all children underwent neurocognitive assessments (including
intellectual testing) at the start of CRT, only children older than 5 years of age
during their post-CRT follow-up time period (n � 87) were able to participate
in academic testing due to the age range of the academic measure. No patients
had significant sensory loss or motor impairment that would preclude valid
psychometric testing. All patients were primary English speakers. Clinical and
demographic characteristics are summarized in Table 1.

CRT

Patients received CRT, including intensity-modulated radiation ther-
apy, over 6 to 7 weeks using conventional fractionation (1.8 Gy per day)

with a prescribed dose of 59.4 Gy. Children younger than 18 months
received 54.0 Gy. The irradiated clinical target volume included a 10-mm
margin surrounding the tumor, tumor bed, or both, in order to treat
subclinical microscopic disease. An additional 3 to 5 mm, expanded in
three dimensions, was included to account for uncertainty in patient
positioning and image registration. Target volume definitions and treat-
ment parameters has been previously reported.3

Clinical Variables

All patients underwent resection before CRT. Additional surgery was
initiated to maximize extent of resection before irradiation. Eighteen patients
received chemotherapy before irradiation; most received multiagent chemo-
therapy including cyclophosphamide and cisplatin or carboplatin, etoposide,
and vincrinstine. Hydrocephalus was categorized as present or not present
based on neuroimaging scans at the time of diagnosis. Peak growth hormone
levels were determined using provocative testing.21

Academic Testing

Patients underwent serial neurocognitive testing at baseline (start of
CRT), 6 months, and annually after the start of CRT. If beginning CRT was
given logistic priority, baseline testing was delayed slightly. Academic testing
consisted of three subtests from the Wechsler Individual Achievement Test
(WIAT; Word Reading, Spelling and Math Reasoning).22 These subtests are

Table 1. Patient Demographic and Clinical Characteristics (N � 87)

Characteristic No. %

Sex
Male 46 52.9
Female 41 47.1

Tumor location
Infratentorial 65 74.7
Supratentorial 22 25.3

Hydrocephalus
No 32 36.8
Yes 55 63.2

CSF shunting
No 60 69.0
Yes 27 31.0

Pre-CRT chemotherapy
No 69 79.3
Yes 18 20.7

Extent of resection
Gross total 71 81.6
Near total 9 10.3
Subtotal 7 8.1

No. of pre-CRT surgeries
1 55 63.2
2-4 32 36.8

Mean age at CRT, years 5.99
SD 4.46
Range 1.06-18.87

Mean time from diagnosis to CRT, months 5.76
SD 11.76
Range 0.59-69.68

Mean growth hormone at CRT,� ng/dL 21.54
SD 19.48
Range 2.00-120.00

Abbreviations: CRT, conformal radiation therapy; Gross-total resection, a
resection after which the only remaining tumor cells were visible with the use
of the operating microscope; Near-total resection, a resection after which only
residual tumor � 5 mm thick was visible on postoperative neuroimaging;
Subtotal resection, a resection after which � 5 mm thick of residual tumor
was visible on postoperative neuroimaging; SD, standard deviation.

�Sixty-five of 87 had growth hormone measurements.
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content representative, reliable, and have good convergent/discriminant valid-
ity. Performance on each subtest was converted to an age-standardized score
with a mean of 100 and standard deviation of 15.

The Achenbach Child Behavior Checklist (CBCL)23 is a parent question-
naire that assesses a child’s level of behavioral and emotional adjustment. One
scale, School Problems, was used as an external criterion for measuring aca-
demic changes revealed on the WIAT. This scale contains items that assess level
of academic performance, intensity of academic services, repeated grades and
school problems. The CBCL was standardized on a large sample representative
of the United States’ population. Age- and sex-based T-scores are derived for
each with a mean of 50 and a standard deviation of 10. Lower scores indicate
greater problems.

IQ Assessment

IQ was estimated based on either the mental index of the Bayley scales24

or the Information, Similarities, and Block Design subtests from the age-
appropriate Wechsler scale (Wechsler Preschool and Primary Scales of Intel-
ligence, Revised [WPPSI-R],25 Wechsler Intelligence Scale for Children, Third
Edition [WISC-III]26 and Wechsler Adult Intelligence Scale, Revised [WAIS-
Revised])27 using a formula presented in Sattler.28 This method for estimating
IQ correlates highly with IQs derived from full administration (r � 0.93).
Age-based scaled scores, with a mean of 100 and standard deviation of 15, were
derived using each standardization sample.

Statistical Analyses

Longitudinal changes in academic scores were investigated using linear
mixed-effects models with random intercepts and slopes. Separate models
were created for each WIAT subtest score. The impact of demographic and
clinical variables on long-term academic achievement was estimated using
both univariate and multivariate analyses. Continuous covariates were divided
at their median value or an established clinical cut point (eg, 10 ng/mL for peak
growth hormone). For multivariate analyses, a backward selection method
was used; all variables with P � .05 for the slope term were retained in the
model as both an intercept and slope term. Interaction terms were not consid-
ered given the ratio of number of covariates to patients.

To investigate the impact of age at CRT on academic outcomes, the
simple linear mixed-effects models described earlier were adjusted. The typical
baseline (intercept) estimate in these linear models is the start of CRT. Given
academic assessment is only conducted for children at least 5 years of age,
children younger than 5 years of age at CRT (n � 44) do not have true baseline
values using the simple model. Therefore, the model was adjusted to take the
time of first eligible academic testing as the baseline (online-only Appendix).
This adjusted model was used for analyzing the effect of age at CRT on
academic testing after initiation of testing.

To investigate the association of change in academic ability with change
in IQ and parent report of school problems, Pearson correlations were calcu-
lated among the slope of academic ability scores with the slopes of IQ and the
CBCL School Problems scale generated from separate models covering the
same time period. The significance level was set for � � .05; P values were not
adjusted for multiple testing to reduce type II errors. All analyses were per-
formed by the biostatistical coauthors using SAS, version 9.1(SAS Institute,
Cary, NC).

RESULTS

Academic Outcomes

A total of 309 evaluations were conducted for the 87 patients in
this study with a median follow-up time of 59.6 months (range, 0.5 to
99.7 months). Group mean scores for all three academic scores were
within the average range at the start of CRT. A significant decline was
revealed in reading scores during the follow-up period (�0.064 �
0.028 points/month). In contrast, math and spelling remained stable
without significant change (Table 2). Given only reading showed a
significant decline, only reading performance was considered for the
remainder of analyses.

Demographic and Clinical Predictors of

Reading Performance

Univariate. Table 3 presents the results of univariate analyses
investigating the effects of demographic and clinical variables on read-
ing scores. Supratentorial tumor location was significantly associated
with worse reading performance at CRT baseline Further, male sex,
longer symptomatic interval, hydrocephalus, pre-CRT chemother-
apy, and pre-existing endocrine deficiencies were associated with a
statistically significant decline in reading scores over time. Children
with a single surgical resection experienced a significant decline over
time; this finding suggests a reading vulnerability associated with mul-
tiple surgeries at baseline with individuals receiving single surgeries
showing a later decline. Infratentorial tumor location was also statis-
tically predictive of a reading decline; however, this finding resulted
from differences in SE rather than a change in slope.

Multivariate. Table 4 displays results of the multivariate models.
Tumor location and number of surgeries were significantly predictive
of baseline reading scores; patients with an infratentorial tumor had
on average a score 11.21 points higher than patients with supratento-
rial tumors and patients with one surgical resection had on average a
score 12.05 higher than patients with multiple surgeries. Further,
patients with a longer symptomatic interval, lower growth hormone
levels, and a single surgery experienced a steeper decline over time.
Number of surgeries and symptomatic interval were highly correlated
(r � 0.56; P � .0001) and thus likely redundant in this model; no other
variables in these models correlated significantly.

Age at CRT. The linear model adjusted to investigate the effect
of age at CRT on academic abilities was fitted separately for children
under 5 (3a) and at least 5 (3b) at the time of CRT. For children
younger than 5, average WIAT Reading at 5 years of age was 95.18,
adjusted by an increase of 1.93 per year (P � .40) from CRT start to
turning 5. WIAT reading scores decreased significantly by 4.01 points
per year (P � .023) adjusted by an increase of 0.096 points per year
from CRT start to turning 5 (P � .10). For children 5 years or older at
CRT start, average WIAT Reading at CRT was 99.50. WIAT reading
scores decreased by 0.83 per year (P � .066). Neither group differed
significantly from the normative mean of 100 at respective baseline
and the decline in reading over time only reached significance for the
younger age group.

(3a) WIAT Reading � �95.1814 � 0.1609 � t1�

� ��.3341 � 0.0080 � t1� � t2

(3b) WIAT Reading � 99.50 � 0.0690 � t2

Table 2. Longitudinal Change in WIAT Academic Scores

WIAT
Measure No.

Baseline (intercept)� Slope†

Estimate SE P Estimate SE P

Reading 87 100.14 1.49 .93 �0.064 0.028 .026‡
Math 86 97.35 1.68 .12 0.037 0.030 .228
Spelling 86 99.18 1.63 .62 �0.043 0.029 .147

Abbreviation: WIAT, Wechsler Individual Achievement Test.
�Intercept scores represent academic performance at CRT baseline. Scores

are reported as standard scores, which have a mean of 100 and standard
deviation of 15. None of the baseline scores differ significantly from 100.

†The slope represents change in academic performance in standard points
per month.

‡P � .05.
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Relationship between reading and IQ. A linear model examining
IQ as a function of time since CRT indicates that IQ did not signifi-
cantly decline in this group of patients during the follow-up time
period (P � .89).

IQ � 96.69 � 0.0041 � month

The Pearson correlation between model slopes for WIAT reading
and IQ was not statistically significant (r � 0.06; P � .59). Taken
together, these findings provide evidence that reading performance
declined despite stable IQ. A linear model examining parent reported
school problems from the CBCL did not reveal a significant increase in
school problems during the follow-up time period (P � .19).

CBCL School � 42.00 � 0.03 � month

However, the Pearson correlation between the slopes for WIAT
reading and CBCL school problems was statistically significant (r �
�.32; P � .005), indicating a decline in reading correlated with in-
creased school problems (Fig 1).

DISCUSSION

Children treated with CRT for localized ependymoma perform well
academically many years post-treatment. On average, the group lost

3.84 standard points on the reading measure over 5 years. This mag-
nitude of loss is clinically meaningful but relatively small. Further,
math and spelling performance remained stable over time, indicating
that the group was gaining academic skills in these areas at a rate
commensurate with their peers. Taken together, these findings suggest
that CRT results in better long-term academic outcomes compared
with conventional radiation therapy approaches.15,18

Increased vulnerability of reading among academic skills con-
trasts with prior findings of greater math impairment.15,19,29 This
discrepancy may relate to greater specificity in radiation delivery, the
selected math measure (applied math rather than rote computation
used in prior studies) and/or the younger age of diagnosis for ependy-
moma versus other irradiated tumors. In fact, it has been shown that
reading is more adversely affected in patients irradiated at a younger
age.18 A younger age at irradiation may incur a greater risk to reading
due to missed early reading instruction and/or the impact of treatment
on early developing brain systems. Current results are consistent with
findings of an earlier and steeper decline in reading, among academic
skills, in children with medulloblastoma also treated with CRT di-
rected at the posterior fossa.30 It has been proposed by one author
(R.J.O.) that posterior fossa–directed CRT disrupts the left hemi-
spheric lateralization of function in the ventral visual pathway that
occurs during typical reading development,31 but not in dyslexia.32

Table 3. Demographic and Clinical Predictors of WIAT Reading (N � 87)

Variable No.

Baseline (intercept)� Slope†

Estimate SE P‡ Estimate SE P§ P¶

Sex
Female 41 100.21 2.25 .944 �0.042 0.042 .326 .484
Male 46 99.99 2.01 �0.082 0.038 .033�

Tumor location
Infratentorial 65 102.83 1.75 .005� �0.074 0.033 .028� .977
Supratentorial 22 94.07 2.50 �0.076 0.055 .170

Diagnosis to treatment, months
� 1.5 50 99.61 1.95 .672 �0.088 0.037 .019� .335
� 1.5 37 100.89 1.98 �0.034 0.042 .428

Hydrocephalus
Yes 55 101.12 1.98 .444 �0.071 0.036 .047� .813
No 32 98.80 2.28 �0.057 0.049 .243

CSF shunting
Yes 27 97.40 2.71 .229 �0.062 0.051 .225 .989
No 60 101.32 1.78 �0.063 0.034 .067

Pre-CRT chemotherapy
Yes 18 99.70 3.54 .854 �0.153 0.070 .029� .155
No 69 100.42 1.67 �0.045 0.031 .149

No. of pre-CRT surgeries
1 55 102.25 1.90 .082�� �0.086 0.034 .013� .352
2-4 32 96.98 2.34 �0.033 0.045 .465

GH at diagnosis,†† ng/mL
� 10 47 100.89 1.84 .854 �0.038 0.036 .295 .125
� 10 18 100.19 3.32 �0.147 0.061 .017�

Abbreviations: WIAT, Wechsler Individual Achievement Test; CRT, conformal radiation therapy; GH, growth hormone; Diagnosis to treatment, the time duration
between diagnosis and CRT.

�Intercept scores represent academic performance at baseline. Scores are reported as standard scores, which have a mean of 100 and standard deviation of 15.
†The slope represents the change in academic performance in standard points per month.
‡Indicates whether the difference between subgroup means at baseline is statistically significant.
§Indicates whether there is a statistically significant change in the subgroup mean performance over time.
¶Indicates whether there is a significant difference in the rate of change between the two groups over time.
�P � .05.
��P � .10.
††Sixty-five of 87 had growth hormone measurements at CRT.
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We have direct evidence from functional neuroimaging to support
this theory; when performing orthographic processing,33 survivors of
posterior fossa brain tumor (medulloblastoma and ependymoma)
demonstrate less left lateralization of brain activation in the ventral
visual pathway than age matched healthy siblings (unpublished data).

Supratentorial tumors and multiple surgeries predicted worse
reading performance at CRT start. There is increasing recognition that
hemispheric tumors and multiple resections result in greater neuro-
psychological disruption.34 It has also been demonstrated that there
can be a significant level of cognitive impairment with surgery alone.35

These findings may suggest a benefit of maximal resection on first
surgical approach to optimize preservation of cognitive abilities or
perhaps indicate that less skilled neurosurgeons (those leaving further
resectable tumor requiring additional surgery) produce more resid-
ual injury.

Younger age at CRT was predictive of a significant decline in
reading over time. This finding is consistent with studies of conven-
tional radiation therapy15,18,30,36 and indicates that a longer period of

undisturbed neurodevelopment is protective with respect to cog-
nitive outcome. Male sex as a significant predictor of reading
decline contradicts findings of female sex conferring greater cog-
nitive vulnerability.34 While this finding requires replication, it
may be that some abilities (particularly language-based abilities)
are more vulnerable in males. Longer symptomatic interval pre-
dicted worse reading outcome. Shorter symptom duration, as an
indicator of more aggressive disease, has been shown to confer
greater cognitive risk.37 Given the existing literature and the corre-
lation between multiple surgeries and symptomatic interval in this
study, it is likely this finding reflects greater risk with increased surger-
ies rather than longersymptomatic interval.Similarly,pre-CRTchem-
otherapy, hydrocephalus at presentation, and endocrine dysfunction,
indices of more aggressive treatment or greater neurological disrup-
tion, all predicted a significant decline in reading over time.

It is important to note that the reading decline was independent of a
decline in intellectual functioning, which remained stable throughout the
study period. This change in reading corresponded with parent report of
increased school problems. Therefore, the common practice of studying
IQ as a sole cognitive outcome may fail to identify problems brain tumor
survivors experience in their day-to-day lives.

Our results should be interpreted in the context of common
limitations. First, a frequent constraint to clinical studies is reliance on
normative populations rather than a comparison group. The aca-
demic measures included here are gold standards; the standardization
samples are large and representative. Further, mean IQ for the study
sample is comparable to standardization samples and score distribu-
tions are normally distributed. Second, while new versions of some of
the cognitive measures were released during the study time period, the
same versions were used throughout the study thus choosing potential
cohort effects over difficulty combining data from different test ver-
sions for longitudinal analyses. Third, the academic tests did not
extend below an age of 5 given these academic skills do not typically
emerge before 5. It is possible to assess preacademic skills such as
phonological awareness and early number concepts, which is recom-
mended for future studies.

This study contributes to the growing literature in support of
CRT approaches by revealing improved functional outcomes in the
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Fig 1. Relationships among reading, intellectual functioning (IQ), and parent
reported school problems. Linear models of Wechsler Individual Achievement
Test (WIAT) reading, IQ, and Achenbach Child Behavior Checklist (CBCL) School
Problems. The WIAT reading and IQ are on the primary vertical axis, and CBCL
School Problems is on the secondary axis.

Table 4. Multivariate Models of WIAT Reading (n � 65)

Covariate� Parameter Estimate SE P

Intercept �0 84.26 4.33 .0006†‡
No. of surgeries (1 v � 1) �1 12.05 3.52 .0008†§
Diagnosis to treatment (� 1.5 v � 1.5 months) �2 5.16 3.33 .12§
GH at diagnosis (� 10 v � 10 ng/mL) �3 �2.16 3.32 .52§
Tumor (infratentorial v supratentorial) �4 11.21 2.56 � .0001†§

Slope �0 0.37 0.069 .60§
No. of surgeries (1 v � 1) �1 �0.23 0.066 .0006†§
Diagnosis to treatment (� 1.5 v � 1.5 months) �2 �0.22 0.061 .0004†§
GH at diagnosis (� 10 v � 10 ng/mL) �3 0.20 0.060 .0012†§

Abbreviations: WIAT, Wechsler Individual Achievement Test; CRT, conformal radiation therapy; GH, growth hormone; Diagnosis to treatment, the time duration
between diagnosis and CRT.

�Parameters are for the model: WIAT reading � �0 � �1X1 � �2X2 � �3X3 � �4X4 � (�0 � �1X1 � �2X2 � �3X3) 	 time where X1 is the number of surgeries
(� 1 for 1 surgery and 0 for � 1 surgery), X2 is the months from diagnosis to treatment (� 1 if � 1.5 months and 0 if � 1.5 months), X3 is growth hormone at CRT
diagnosis (� 1 if � 10 and 0 if � 10), and X4 is tumor location (� 1 if infratentorial and 0 if supratentorial).

†P � .05.
‡Compared with a normative mean of 100.
§Group comparisons based on the categorical split for the covariate.
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context of similar survival rates. These findings support the rationale
for further reducing the clinical and planning target volumes, dose to
normal tissue, and increasing dose conformity using advanced radia-
tion delivery methods including proton-beam radiation therapy.
While children treated with CRT for local ependymoma were shown
to gain intellectual skills at a rate commensurate with peers, reading
was shown to be vulnerable. This findings suggests that reading is an
area to monitor closely and intervene early. Further, caution should be
taken when IQ is used as the sole determinate of cognitive outcome.
Finally, specific demographic and clinical risk factors were identified.
Some provide opportunities for education of parents and providers
regarding heightened risk (eg, tumor location, age at diagnosis, and sex)
while others provide unique opportunities for change in clinical care that
may mitigate negative cognitive sequelae (eg, careful management of
hydrocephalus and eliminating preradiation chemotherapy trials).
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