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Abstract
Purpose—The primary objective of this study was to examine whether children with low-grade
glioma (LGG) or craniopharyngioma had impaired learning and memory after conformal radiation
therapy (CRT). A secondary objective was to determine whether children who received
chemotherapy before CRT, a treatment often used to delay radiation therapy in younger children
with LGG, received any protective benefit with respect to learning.

Methods and Materials—Learning and memory in 57 children with LGG and 44 children with
craniopharyngioma were assessed with the California Verbal Learning Test–Children’s Version
and the Visual-Auditory Learning tests. Learning measures were administered before CRT, 6
months later, and then yearly for a total of 5 years.

Results—No decline in learning scores after CRT was observed when patients were grouped by
diagnosis. For children with LGG, chemotherapy before CRT did not provide a protective effect
on learning. Multiple regression analyses, which accounted for age and tumor volume and
location, found that children treated with chemotherapy before CRT were at greater risk of decline
on learning measures than those treated with CRT alone. Variables predictive of learning and
memory decline included hydrocephalus, shunt insertion, younger age at time of treatment, female
gender, and pre-CRT chemotherapy.

Conclusions—This study did not reveal any impairment or decline in learning after CRT in
over-all aggregate learning scores. However, several important variables were found to have a
significant effect on neurocognitive outcome. Specifically, chemotherapy before CRT was
predictive of worse outcome on verbal learning in LGG patients. In addition, hydrocephalus and
shunt insertion in craniopharyngioma were found to be predictive of worse neurocognitive
outcome, suggesting a more aggressive natural history for those patients.
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Introduction
Children with low-grade glioma (LGG) and craniopharyngioma are typically treated less
intensively and have relatively better survival rates than those with more aggressive tumors
(1). Treatment of LGG and craniopharyngioma often requires irradiation. Therefore, more
research is necessary to determine whether focal irradiation can produce neurocognitive side
effects outside the domain of intellectual function (2, 3). Evidence of subtle neurocognitive
sequelae in children with LGG and craniopharyngioma years after treatment has been
documented (4–7).

Identification of clinical and treatment factors that contribute to long-term neurocognitive
sequelae may help with treatment planning (eg, when to use irradiation instead of
chemotherapy for LGG or surgery instead of irradiation for craniopharyngioma) (6, 8, 9).
LGG and craniopharyngioma share some similarities in clinical presentation and
management based primarily on centralized tumor location. These similarities include
hydrocephalus, tumor-related morbidity, limitations in surgical access, potential for
complications, radiotherapeutic target volumes and doses, and the potential for late effects
due to irradiation of normal brain tissue.

Tumor location plays a major role in determining the use of irradiation. Irradiation is often
used to treat diencephalic and optic pathway tumors. Craniopharyngioma is generally
limited to the suprasellar region and other central brain structures. Complications associated
with surgical removal of craniopharyngioma often make this tumor a good candidate for
irradiation.

It is well known that younger children are more vulnerable to the adverse side effects of
radiation therapy. Chemotherapy is often chosen as the first-line treatment for young
children with LGG to reduce these risks, and surgery may be considered in lieu of
irradiation for young children with craniopharyngioma (3). Newer radiation therapy methods
have the potential to reduce the radiation dose to normal tissues and subsequently decrease
late effects (2, 6, 10). However, data to support this hypothesis are limited, particularly in
regard to neurocognitive late effects outside the domain of global intelligence. Declines in
intelligence quotient may actually be secondary to other more primary neurocognitive
deficits such as learning and memory, attention, and speed of processing (4, 5).

The primary goal of this study was to examine whether children with LGG and
craniopharyngioma treated with conformal radiation therapy (CRT) experienced a decline in
verbal and visual-auditory learning several years after completion of CRT. The governing
hypothesis for the study was that irradiated treatment volumes could be reduced without
altering treatment efficacy i.e., change in failure rate or pattern), thereby minimizing
exposure of healthy brain tissue to radiation and diminishing the risk of adverse effects on
learning and memory. Our secondary goal was to examine the influence of clinical and
treatment factors on verbal and visual-auditory learning, with a particular interest in whether
the use of chemotherapy before CRT conferred any protective benefit with respect to
learning.

Methods and Materials
Patients

Children with LGG (n=57) and craniopharyngioma (n=44) were treated with CRT between
July 1997 and August 2007, and prospective longitudinal cognitive testing was conducted.
Patients included in this study had a diagnosis of localized LGG or craniopharyngioma,
were between 1 and 21 years old at the time of irradiation and had no prior irradiation or
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ongoing chemotherapy and an Eastern Cooperative Oncology Group (ECOG) performance
grade 0–2 (11). For participants with LGG, median age at the start of CRT was 8.0 years,
and median length of last follow-up was 59 months (range = 0.0–66.6 months). For
participants with craniopharyngioma, median age at the start of CRT was 8.2 years, and
median length of last follow-up was 48 months (range = 0.0–63.7 months). Five-year event-
free survival rates for children with craniopharyngioma and low-grade glioma were 86% ±
7% and 84% ± 5%, respectively.

Clinical and demographic characteristics are presented in Table 1. All patients received CRT
or intensity modulated radiation therapy to 54 Gy, using fractionation of 1.8 Gy per day.
Target volume definitions included a 10- or 5-mm clinical target volume margin, depending
on treatment era, and have been reviewed in previous studies (12, 13).

Preirradiation chemotherapy
Sixteen (28.1%) of 57 children with LGG and 2 (4.5%) of 44 children with
craniopharyngioma received chemotherapy before irradiation. Patients with LGG typically
received carboplatin/ vincristine. The 2 patients with craniopharyngioma who received
chemotherapy were treated using interferon.

Measures of verbal and visual auditory learning
Neurocognitive testing was performed before treatment (baseline), at 6 months, and then
yearly after CRT for a total of 5 years. Verbal learning was assessed with the California
Verbal Learning Test–Children’s Version (CVLT-C) (14). This task presents a word list
over 5 trials; the total recall score for trials 1 to 5 was used. Age-standardized scores were
derived with a mean of 50 and standard deviation (SD) of 10. Higher scores indicate better
performance. Visual learning was assessed with the Visual- Auditory Learning (VAL) test
from Woodcock-Johnson Tests of Cognitive Ability: Revised (15). The VAL test is an
associative learning task of word-symbol pairings. Age-standardized scores are derived with
a mean of 100 and SD of 15. Higher scores indicate better performance. The treatment
protocol allowed enrollment of children ages 1–21 years. Patients under the age of 4 years at
the time of irradiation did not undergo baseline or subsequent CVLT-C testing until they
reached the appropriate age. This group included 1 patient with craniopharyngioma and 2
with low-grade glioma. No participants had motor, vision, or hearing impediments that
interfered with testing. Patients did not undergo testing after disease progression.

Statistical analyses
All variables in Table 1 were included in univariate and multivariate analyses, with the
exception of tumor laterality because most participants had midline tumors. Pre-CRT
chemotherapy was not analyzed in the craniopharyngioma group because only 2 of the 44
craniopharyngioma patients received chemotherapy before CRT. Infratentorial vs
supratentorial tumor location was not included in analyses for craniopharyngioma as all
tumors were supratentorial. Tumor volumes at the time of irradiation were included in a
detailed analysis involving the LGG group to examine the association between tumor
volume, age, and use of pre-CRT chemotherapy and their effects on longitudinal change of
CVLT-C score (see Supplementary Material Appendix E1). Average baseline scores, mean
rates of longitudinal change on CVLT-C and VAL scores, and average scores 5 years after
CRT were estimated using linear mixed-effects models with random coefficients (16). A
linear relationship was found and tested in the analysis. Analyses were completed separately
for the craniopharyngioma group (Table 2) and the LGG group (Table 3), with only
significant findings included.
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Multiple regression analyses used a backward selection method whereby all variables with a
P value of ≤.05 for the slope were retained as both an intercept and a slope term. Variables
were also retained if their removal significantly reduced overall model fit (P≤.05).
Continuous covariates were split at their median value for inclusion in models (ie, age at
CRT, time in months from diagnosis to CRT). Correlations between all variables were run to
screen for multicolinearity. One-way ANOVA revealed no significant differences in verbal
and visual-auditory outcome scores between those tested more frequently (>4 evaluations)
and those tested less frequently (≤4 evaluations) for either the LGG group (CVLT-C, P=.43;
VAL, P=.46) or the craniopharyngioma group (CVLT-C, P=.29; VAL, P=.80), providing no
preliminary evidence of practice effects.

Results
Overall learning and memory outcomes

For children with LGG, mean scores (± SD) on the CVLT-C test (47.39 ± 1.69) and VAL
test (89.80 ± 2.77) were in the average range at the start of irradiation. CVLT-C scores
remained stable over time (−.01 ± .036 points/month; P=.86), and there was a statistically
significant increase in VAL scores (.24 ± .046 points/month; P<.001) during the first 5 years
after treatment.

For children with craniopharyngioma, mean ± SD scores on the CVLT-C test (47.26 ± 1.72)
and VAL test (91.58 ± 3.31) were in the average range at the start of irradiation. After
treatment, there was a statistically significant increase in CVLT-C scores (.11 ± .044 points/
month; P=.01), and scores on the VAL remained stable over time (.05 ± .048 points/month;
P=.31). Figure 1 plots global longitudinal trends in learning for both tumor groups.

Demographic and clinical predictors of Learning–univariate analysis
Craniopharyngioma—In the craniopharyngioma group, hydrocephalus predicted lower
scores at baseline for verbal learning but not 5 years after CRT (Table 2). Shunt insertion
predicted worse performance for verbal learning 5 years after CRT but not at baseline. In the
domain of visual-auditory learning, female sex, hydrocephalus, shunt insertion, and younger
age all predicted lower scores at baseline. These same variables, with the exception of
younger age, also predicted lower scores in the domain of visual-auditory learning 5 years
after CRT.

Low-grade glioma—In the LGG group, there were no variables that predicted significant
differences at baseline for verbal learning (Table 3). However, shunt insertion and pre-CRT
chemotherapy did predict worse performance for verbal learning 5 years after CRT. In the
domain of visual auditory learning, shunt insertion did predict lower scores at baseline in the
LGG group but not 5 years after CRT.

Preirradiation chemotherapy and learning outcome—Those patients in the LGG
group who received preirradiation chemotherapy had lower verbal learning (CVLT-C)
scores 5 years after CRT (Fig. 2). The length of time from diagnosis to start of irradiation
was significantly longer in children who received chemotherapy than in those who did not
(P<.0001). There were no other significant differences between variables across subgroups,
including tumor volumes, at the time of CRT, except for age at diagnosis. Those patients
who received pre-CRT chemotherapy (n=16) were significantly younger at diagnosis than
those who did not receive chemotherapy (n=41). Table 4 displays a comparison of clinical
and demographic characteristics between LGG patients who received chemotherapy and
those who did not.
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Multiple regression—Multiple regression analyses were used to account for age at
diagnosis, as well as all other clinical and demographic characteristics listed in Table 1.
Significant correlations were found between hydrocephalus and shunt insertion for
management of hydrocephalus, suggesting an expected shared variance and multicolinearity
between these variables. No other highly correlated variable pairs were found. Multiple
regression analyses, which exclude variables with shared variance, helped control for
multicolinearity. For the craniopharyngioma group, hydrocephalus predicted significantly
lower baseline scores on the CVLT-C (−7.52; P<.01) test but had no effect on the rate of
learning (change per month in learning scores) after irradiation. Among children with
craniopharyngioma, shunt insertion predicted significantly lower scores at baseline on the
VAL (−21.89; P<.001) test, as did female sex (−13.33; P<.01). Furthermore, multiple
regression analyses revealed that these variables had no effect on the rate of learning
(change per month) after CRT, indicating that these lower baseline scores persisted
throughout the 5-year period after irradiation. For children with LGG, shunt insertion
predicted significantly lower baseline scores on the CVLT-C (−8.21; P<.01) test but had no
effect on the rate of learning over time. For children with LGG, pre-CRT chemotherapy had
no significant effect on baseline CVLT-C scores but was associated with a reduced rate of
learning after irradiation. Specifically, preirradiation chemotherapy predicted a decline in
CVLT-C scores over time (−0.14 ± .06 points/month; P=.03). In the LGG group, shunt
insertion predicted lower scores at baseline (−10.06; P<.05) on the VAL test but not on the
rate of learning after treatment. Children with LGG who underwent tumor resection that was
more extensive than a biopsy had no significant differences in VAL scores at baseline but
did have a significant increase in VAL scores over time (0.43 ± .06 points/month; P=.001).

After we adjusted for age at diagnosis for both the intercept and slope, the pre-CRT
chemotherapy subgroup still showed a decline in CVLT-C scores over time (−.10 ± .078
points/month) vs those of the subgroup that did not receive pre-CRT chemotherapy, whose
CVLT-C scores improved over time (.10 ± .093 points/month). The slope of the pre-CRT
chemotherapy subgroup was significantly different (lower) than that of the non-pre-CRT
chemotherapy subgroup (P=.01). The finding of lower CVLT-C scores in the pre-CRT
chemotherapy LGG subgroup remained even after we accounted for tumor volume in
conjunction with age at time of diagnosis following more comprehensive multiple regression
analyses (see Supplementary material Appendix E-1).

Discussion
This study revealed that learning was not impaired in children with LGG and
craniopharyngioma who receive CRT. These findings support our primary hypothesis that
reducing the volume of irradiation in an effort to spare normal tissues may reduce the risk of
a significant longitudinal decline in learning. This study also found several other factors
besides irradiation that contributed to cognitive change. For children with LGG, those who
received pre-CRT chemotherapy had a decline in verbal learning after irradiation. These
findings were still present even after accounting for age of diagnosis, which was the only
significant difference between these subgroups. Further investigation is required to
determine why children with LGG treated with chemotherapy appear to be at greater risk for
neurocognitive side effects. The direct effect of chemotherapy on the developing brain,
earlier age at diagnosis, morbidity associated with a protracted course of treatment, and the
effect of delaying treatment of growth hormone deficiency should be considered.

However, these findings should be interpreted cautiously, as children who received pre-CRT
chemotherapy were on average 3.6 years old at time of diagnosis compared to children who
received irradiation only who were significantly older (8.3 years) at time of diagnosis. If this
younger subgroup had received irradiation at 3.6 years of age for instance, the effects of
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irradiation could have been more deleterious and resulted in similar longitudinal trends.
Nonetheless, in another study examining a younger group of patients with ependymoma,
where the ages between those who received preirradiation chemotherapy vs those who did
not were less discrepant, preirradiation chemotherapy was still found to be a significant risk
factor for adverse neurocognitive outcome (2).

Research has shown that children treated with chemotherapy alone are also at risk for
neurocognitive side effects (17). The biological mechanisms of chemotherapy-induced
neurotoxicity are still under investigation, but proposed mechanisms include (1) direct
damage to oligodendrocytes resulting in demyelination, (2) secondary inflammatory
responses, and (3) microvascular injury resulting in demyelination, with deep white matter
tracts most vulnerable to disruption (17). Most research concerning chemotherapy-related
neurocognitive effects in pediatric oncology is focused on children treated for acute
lymphoblastic leukemia or medulloblastoma. Those children are exposed to agents and
irradiation regimens that differ considerably from those used for children with LGG. The
only valid comparison to determine the effect of chemotherapy would be to compare our
results with the neurocognitive outcome of LGG children treated with chemotherapy alone.
Such data do not exist at our institution, and we are unaware of any such studies in the peer-
reviewed literature.

It is important to note the effect of chemotherapy cannot be extrapolated to the general LGG
population because our study sample included only those patients who received CRT. Our
results are exploratory and not confirmatory, suggesting further investigation. A
confirmatory study would require a statistical design involving a randomized control study
with chemotherapy.

Delaying irradiation is common for young children with LGG. Five-year progression-free
survival rates for children treated with chemotherapy range from 35%–48%. Thus, although
most patients may be able to delay irradiation for a few years, further investigation is
necessary to determine whether this delay reduces the risk of neurocognitive impairment.
Deferring irradiation may pose its own set of unique risk factors (eg, the negative sequelae
associated with disease progression and combined effects of chemotherapy and irradiation).
Furthermore, infection, adverse events associated with chemotherapy, prolonged school
absences, and additional factors might further contribute to the increased risk for
neurocognitive effects (18).

The current study revealed that hydrocephalus and permanent cerebrospinal fluid shunting
had a broad effect on neurocognitive outcomes for both tumor types relative to those with
other treatment variables. Hydrocephalus in craniopharyngioma may represent a more
complicated disease course characterized by faster disease progression (19). A study
examining morbidity in a large sample of children with craniopharyngioma found
hydrocephalus was a significant predictor of poor disease control and medical complications
(19). In the current study, the presence of hydrocephalus and shunt insertion in
craniopharyngioma had an adverse effect on learning at baseline and 5 years after CRT. The
location of craniopharyngioma in the suprasellar brain region puts it near limbic structures
that are important to learning and memory formation, particularly in regard to the transfer of
information from short- to long-term memory (20). Ventriculomegaly, which may occur
despite shunt insertion, may result in more chronic interruption to the encoding process
beyond that associated with acute surgical changes (20). The risk for herniation and damage
may be greater in children with craniopharyngioma experiencing hydrocephalus-associated
complications than in children with posterior fossa tumors who show more recovery over
time.
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Conclusions
The aggregate learning scores in patients with LGG and craniopharyngioma do not suggest
significant impairment in learning after conformal irradiation, even in younger children.
Results of this study show the importance of numerous factors that may affect
neurocognitive outcomes in children with these tumors, including preirradiation
chemotherapy, hydrocephalus, and shunt insertion. These findings may help parents and
caregivers make more informed decisions about treatment and facilitate the development of
interventions to mitigate untoward side effects.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Summary

A prospective trial showed that conformal radiation therapy spared memory and learning
in children with low-grade glioma and craniopharyngioma. After correcting for age and
tumor location, it was found that children treated with chemotherapy prior to irradiation
were at greater risk of a decline in learning measures. These findings suggest that it is
important to individualize decisions about the sequencing of chemotherapy and surgery
even for the youngest patients
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Fig. 1.
Longitudinal change in verbal (top) and visual-auditory (bottom) learning scores after CRT
in children with LGG and craniopharyngioma. Scores (mean ± SD) ranging from 40–60 (50
± 10) and 85–115 (100 ± 15) represent the average ranges for CVLT-C test scores and VAL
test standard scores, respectively. Standard error bars are included.
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Fig. 2.
The effect of chemotherapy prior to CRT (pre-CRT chemotherapy) on verbal learning in
children with LGG assessed with CVLT-C test scores. Scores ranging from 85–115 (100 ±
15) represent the average range. Standard error bars are included.
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Table 1

Patient demographic and clinical characteristics

Variable

No. of patients with
craniopharyngioma

(n=44) (%)

No. of patients
with low-grade

glioma
(n=57) (%)

Sex

   Female 25 (56.8) 30 (52.6)

   Male 19 (43.2) 27 (47.4)

Tumor location

   Infratentorial 0 13 (22.8)

   Supratentorial 44 (100) 44 (77.2)

Hydrocephalus

   Yes 24 (54.5) 20 (35.1)

   No 20 (45.5) 37 (64.9)

CSF shunting

   Yes 19 (43.2) 20 (35.1)

   No 25 (56.8) 37 (64.9)

Pre-CRT chemotherapy

   Yes 2 (4.5) 16 (28.1)

   No 42 (95.5) 41 (71.9)

Extent of resection

   Bx or NBx 14 (31.8) 34 (59.6)

   GTR, NTR, STR 30 (68.2) 23 (40.4)

Number of pre-CRT surgeries

   0–1 31 (70.5) 44 (77.2)

   2–3 13 (29.5) 13 (22.8)

Tumor laterality

   Midline 44 (100) 39 (68.4)

   Left 0 7 (12.3)

   Right 0 11 (19.3)

Mean ± SD age at CRT (y) 9.0 ± 3.6 8.9 ± 3.2

Mean ± SD time from diagnosis to CRT (y) 0.7 ± 1.0 1.9 ± 2.4

Abbreviations: CRT = conformal radiation therapy; CSF = cerebrospinal fluid; GTR = gross total resection; NTR = near-total resection; STR =
subtotal resection; Bx = biopsy; NBx = no biopsy.
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Table 4

Patient characteristics in low-grade glioma (chemotherapy vs no chemotherapy)

Variable
No. of patients who had pre-CRT

chemotherapy (n=16) (%)
No. of patients who did not have

chemotherapy (n=41) (%) P value

Tumor location

   Infratentorial 2 (12.5) 11 (26.8)   .31

   Supratentorial 14 (87.5) 30 (73.2)

Hydrocephalus

   Yes 5 (31.3) 15 (36.6)   .70

   No 11 (68.8) 26 (63.4)

CSF shunting

   No 9 (56.3) 28 (68.3)   .39

   Yes 7 (43.8) 13 (31.7)

Pre-CRT progression

   No 2 (12.5) 14 (34.1)   .19

   Yes 14 (87.5) 27 (65.9)

Extent of resection

   Bx or NBx 10 (62.5) 24 (58.5)   .78

   GTR, NTR, STR 6 (37.5) 17 (41.5)

No. of pre-CRT surgeries

   0–1 12 (75.0) 32 (78.0) 1.0

   2–3 4 (25.0) 9 (22.0)

Mean±SD age at diagnosis (y) 3.6±2.9 8.3±3.6 <.0001†‡*

Mean±SD age at CRT (y) 7.5±2.6 9.5±3.3   .037†‡*

Mean±SD time from diagnosis to CRT (y) 3.9±2.2 1.2±2.0 <.0001†‡*

Abbreviations CRT = conformal radiation therapy; CSF = cerebrospinal fluid; GTR = gross total resection; NTR = near-total resection; STR =
subtotal resection; Bx = biopsy; NBx = no biopsy.

† P values derived either by chi-square or Fisher’s exact test* or by t test‡.
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