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Abstract

Purpose—Conformal and intensity modulated radiation therapies have the potential to preserve
cognitive outcomes in children with ependymoma; however, functional behavior remains
uninvestigated. This longitudinal investigation prospectively examined intelligence quotient (1Q)
and adaptive functioning during the first 5 years after irradiation in children diagnosed with
ependymoma.

Methods and Materials—The study cohort consisted of 123 children with intracranial
ependymoma. Mean age at irradiation was 4.60 years (95% confidence interval [Cl], 3.85-5.35).
Serial neurocognitive evaluations, including an age-appropriate 1Q measure and the Vineland
Adaptive Behavior Scales (VABS), were completed before irradiation, 6 months after treatment,
and annually for 5 years. A total of 579 neurocognitive evaluations were included in these
analyses.

Results—Baseline 1Q and VABS were below normative means (/<.05), although within the
average range. Linear mixed models revealed stable 1Q and VABS across the follow-up period,
except for the VABS Communication Index, which declined significantly (A=.015). Annual
change in 1Q (-.04 points) did not correlate with annual change in VABS (-.90 to +.44 points).
Clinical factors associated with poorer baseline performance (£<.05) included preirradiation
chemotherapy, cerebrospinal fluid shunt placement, number and extent of surgical resections, and
younger age at treatment. No clinical factors significantly affected the rate of change in scores.

Conclusions—Conformal and intensity modulated radiation therapies provided relative sparing
of functional outcomes including 1Q and adaptive behaviors, even in very young children.
Communication skills remained vulnerable and should be the target of preventive and
rehabilitative interventions.

Introduction

Ependymoma accounts for approximately 5%—7% of all pediatric brain tumors and is
diagnosed most frequently in children 4 years of age or younger (1). Optimal treatment
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outcomes generally result from gross total resection and subsequent irradiation (2), with
resulting 3-year disease-free survival rates approaching 75% (3). The use of postoperative
conformal and intensity modulated radiation therapy has become the standard of care for
ependymoma because the prescription dose can be precisely shaped to the targeted volume,
reducing the dose to normal, uninvolved tissue. This treatment approach is not without
functional risks: children who receive treatment for ependymoma and other posterior fossa
tumors are at risk for parenchymal and vascular damage, endocrinopathy, and cognitive
deficits (2). Given the high survival rates associated with ependymoma and the generally
young age at diagnosis, it is important to understand the functional outcomes these children
can expect in order to prepare families appropriately and design interventions to ameliorate
deficits.

Children who receive treatment for brain tumor including radiation therapy, chemotherapy
and surgery are at risk for cognitive late effects, such as global declines in intellectual
function and academic achievement (4-8), with resulting concerns about overall quality of
life and the ability to function independently at older ages. Radiation dose to normal brain
tissue has been identified as a direct predictor of postirradiation intelligence quotient (1Q) in
ependymoma (9). Furthermore, ependymoma survivors exhibit greater stability in 1Q scores
after treatment with focally administered conformal and intensity modulated irradiation than
children with similarly located tumors, including medulloblastoma, who are treated with
craniospinal irradiation (8). Additional evidence of spared verbal learning ability (10) and
academic skills including math and spelling (6) suggests progress toward reducing late
effects; however, this progress is not global. Continued declines are noted in reading ability,
with younger age at treatment conferring additional risk (6). Measures of academic
achievement offer a glimpse into real-world performance, yet further investigation of
functional outcomes following newer methods of irradiation is needed.

Adaptive functioning, or the ability to perform the tasks of daily living at an age-appropriate
level, has not been thoroughly examined in this population. In typically developing
individuals, correlations between adaptive and intellectual functioning are small to moderate
(11), suggesting that these measures identify related but not identical constructs. Few studies
have examined adaptive functioning in children with brain tumors. In heterogeneous
samples of children with brain tumors, declines in adaptive functioning have been found in
children undergoing surgery only (12) and in those receiving conventional radiation therapy
and chemotherapy (13, 14). Children without brain tumors who receive low-dose whole-
brain irradiation and subsequent bone marrow transplantation also experience a decline in
global adaptive function (15). Hydrocephalus, a common complication of ependymoma,
confers independent risk for adaptive deficits, and children with congenital hydrocephalus
perform below age-level expectations on daily living skills and communication skills as
adults (16). Despite these risks, no studies to our knowledge have explicitly examined
adaptive functioning after newer methods of irradiation in this population.

Children with ependymoma are at risk for a host of cognitive and functional sequelae as a
result of disease- and treatment-related factors, given the young age at diagnosis, the need
for aggressive resection, and potential risks associated with hydrocephalus. Based on
emerging literature suggesting relative sparing of some cognitive skills in this population
with advanced treatment techniques, the need to examine outcomes in daily functioning is
paramount. This study capitalized on the availability of a large sample of children whose
disease was homogenously diagnosed and treated, permitting greater reliability and
generalizability of findings. Aims of the study were to examine the trajectory of adaptive
behavior scores in children treated with conformal irradiation for localized ependymoma; to
compare the rate of change in 1Q and adaptive behavior scores; and to identify clinical,
demographic, and treatment-related variables that influence the change in scores over time.
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We hypothesized that this cohort would experience a decline in adaptive functioning over
time and that the change in adaptive behaviors would correspond with a change in 1Q scores.

Methods and Materials

Participants

This study enrolled 123 children in a single-institution phase 1 trial of conformal radiation
therapy for localized ependymoma between July 1997 and January 2008 (3). Study entry
criteria for the phase Il trial included age between 1 and 25 years at time of treatment,
histologic confirmation of ependymoma, no evidence of disseminated disease, ho ongoing
chemotherapy, no previous irradiation, and adequate performance status (ie, according to
Eastern Cooperative Oncology Group Grade 0-2 criteria) (17). Additionally, participants
must have completed at least 2 serial neurocognitive assessments, which required English as
the primary language, and have no sensory or motor impairment that prohibited
neurocognitive testing. Parents provided consent for this investigation, which was approved
by the institutional review board.

Medical treatment and clinical factors

All patients underwent surgical resection before irradiation, with additional surgery
performed as needed to maximize extent of resection before treatment. Children who
received chemotherapy before irradiation typically received cyclophosphamide, cisplatin, or
carboplatin, etoposide, and vincristine. Hydrocephalus was identified by neuroimaging at
diagnosis. Radiation treatment parameters have been described previously (6, 9, 18). All
participants received conformal (n = 115) or intensity modulated radiation therapy (n = 8) at
St. Jude Children’s Research Hospital, using conventional fractionation (1.8 Gy per day)
with a prescribed dose of 59.4 Gy. The dose was attenuated to 54.0 Gy for children younger
than 18 months of age after gross total resection. The irradiated clinical target volume
included a 10-mm margin surrounding the tumor and/or tumor bed to control microscopic
disease and an additional 3- to 5-mm margin expansion in 3 dimensions to form the planning
target volume and account for uncertainty in patient positioning and image registration.

Neurocognitive assessment

Participants underwent serial neurocognitive assessment at pre-irradiation baseline 6 months
after treatment and annually thereafter for 5 years. Intellectual function was assessed using
the Bayley Scales of Infant Development, second edition (children < 4 years of age) (19),
and the Block Design, Similarities, and Information subtests from the age-appropriate
Wechsler scale (children 4 years and older) (20-22). Abbreviated Wechsler 1Q scores were
derived from a formula provided by Sattler (23), which yields an estimated 1Q (EIQ) that
correlates highly (r=0.93) with 1Q scores obtained from full administration. All measures
yield an age-normed standard score with a mean of 100 and a standard deviation of 15.

Adaptive functioning was assessed with the Vineland Adaptive Behavior Scales (VABS)
(11), which is a psychometrically validated parent interview administered by a trained
psychological examiner that assesses adaptive behaviors at developmental levels from birth
through adulthood. Several domains are assessed, yielding index scores for Communication,
Daily Living Skills, Socialization, and Motor Skills (for children up through age 5). An
overall Adaptive Behavior Composite is obtained. All index scores have an age-referenced
mean of 100 and a standard deviation of 15, where higher scores reflect better skills. A
reduced number of children received Motor Skills Index scores at each time point due to the
age constraints for the scale; therefore, it was not included in analyses.
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Descriptive analyses were conducted to characterize the clinical, demographic, and
neurocognitive features of the study group at baseline. Frequencies were calculated to
determine proportions of the sample with EIQ and VABS standard scores below average
(<85) at each time point. Longitudinal changes in EIQ and adaptive functioning were
examined using linear mixed models. The intercept served as the standard score at baseline,
and the slope represented the mean change in score per month. Pearson correlations were
then used to investigate the relationships between changes (ie, slope values) in EIQ and
VABS index scores over the 5-year follow-up period. Finally, univariate linear mixed
models were used to examine the effects of demographic, clinical, and treatment-related
variables on changes in adaptive functioning.

Demographic, clinical, and treatment-related characteristics of the study cohort are
presented in Table 1. Mean age at irradiation was 4.60 years (95% confidence interval [CI],
3.85-5.35), and the group was balanced with respect to sex. Most participants underwent
near total or gross total resection, and 37% required more than one surgery. In 80%, tumors
were located within the posterior fossa. Approximately 24% received preirradiation
chemotherapy, and nearly 65% experienced hydrocephalus as a complication of their
disease. There was a strong association between age at diagnosis (£=.001) or age at the time
of irradiation (P=.0240) and the use of preirradiation chemotherapy. The patients treated by
pre-CRT chemotherapy were younger than those not treated by pre-CRT chemotherapy.

Participants completed a total of 579 neurocognitive evaluations. All 123 participants
completed at least 2 VABS; 117 participants completed at least two EIQ measures.
Incomplete evaluations resulted from patient illness/fatigue, parental refusal, treatment/
travel scheduling conflicts, and failure to attend evaluation appointments. Baseline EIQ and
VABS scores are presented in Table 2. Group means were below normative means (~<.05)
for EIQ and all VABS indices; however, none was outside of the average range (85-115).
The proportion of the sample with EIQ and adaptive behavior scores falling below the
average range at each time point was calculated. Based on the normal distribution of these
scores in the general population, it was anticipated that 16% of the sample would score less
than 85 on any given index. Significantly more (/<.05) than 16% of the sample scored
below average on EIQ and VABS Communication, Daily Living Skills, and Adaptive
Behavior Composite indices across nearly all time points during the first 4 years.
Proportions of VABS indices falling below average returned to expected levels at Year 5. In
contrast, the proportion scoring below average on the VABS Socialization Index never
exceeded population expectations. Results for all indices across time points are shown in
Fig.

Linear mixed models revealed the trajectory of change in EIQ and adaptive scores over the
5-year follow-up period. Only the VABS Communication Index declined significantly at a
loss of nearly 1 standard score point per year (£=.015). Pearson correlations performed on
the slopes for each index score revealed no significant (#>.05) correlations between change
in EIQ and change in VABS indices over time.

Univariate linear mixed models were used to examine the effects of clinical, demographic,
and treatment-related factors on change in adaptive behaviors over time. Several variables
exerted significant impact on baseline EIQ and adaptive behavior scores (Table 3). Younger
age at irradiation, chemotherapy prior to irradiation, and cerebrospinal fluid shunt placement
resulted in lower baseline scores across nearly all indices (£<.05). Extent of preirradiation
surgical resection affected baseline VABS Daily Living Skills Index (P=.046); near total or

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2013 September 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Page 5

gross total resection was associated with higher baseline scores. A trend was noted for the
effect of sex on daily living skills, where girls had higher baseline scores than boys (~=.
057). No variables significantly affected the rate of change in EIQ or any VABS indices.

Discussion

Contrary to predictions, children treated with conformal and intensity-modulated radiation
therapy for localized ependymoma experienced relative stability in their adaptive
functioning over the 5-year follow-up period. These results provide novel and clinically
meaningful information about the ability of these patients to perform developmentally
appropriate tasks of daily living and add to the existing literature that suggests relative
stability in 1Q (8), verbal learning (10), and academic skills including math and spelling (6).
These ependymoma survivors demonstrated less pronounced cognitive and functional
effects up to 5 years after treatment relative to those of an older cohort of medulloblastoma
survivors who received craniospinal irradiation (24). Prior reports have suggested that the
use of craniospinal irradiation to treat medulloblastoma is the primary risk factor
differentiating these 2 groups (24), indicating that the use of conformal radiation therapy
may play a large role in sparing healthy brain tissue, resulting in better functional
performance.

In this cohort, baseline scores were below population means, suggesting deleterious effects
of preirradiation factors on developmental progress that must be considered in addition to
the effects of radiation therapy. Indeed, young age at treatment, the need for a shunt to
manage hydrocephalus, preirradiation chemotherapy, and multiple surgical resections
required to obtain minimal residual disease before treatment were related to lower baseline
performance on nearly all 1Q and adaptive behavior indices. It should be noted that young
age and preirradiation chemotherapy are highly related, given that chemotherapy is often
administered in order to delay irradiation for very young children. Tumor growth alone is
likely to disrupt functional outcome; however, additional clinical factors prior to irradiation
must be considered. Despite the significant impact on baseline scores, these factors were not
found to significantly affect the trajectory of change over time. Children who begin the
treatment course with lower scores may remain at lower performance levels but are not
predicted to experience any more significant decline than children who performed at higher
levels before treatment.

The trajectory of change in adaptive behaviors was not associated with the rate of change in
1Q scores, suggesting that adaptive functioning is a unique outcome that warrants continued
assessment. Measures of adaptive behavior and 1Q are modestly correlated in typically
developing individuals and those diagnosed with intellectual impairment (11); however,
acquired brain injuries and other neurologically based disorders (eg, attention-deficit/
hyperactivity disorder) have a less predictable effect on this relationship (25). Physical
factors such as motor impairment, decreased balance, and sensory deficits may all play a
moderating role in adaptive outcomes following treatment for ependymoma and warrant
further investigation. Likewise, psychosocial factors such as exposure to developmentally
appropriate tasks and parental expectations of performance, which are known to be altered
in childhood cancer survivors (26), may also affect adaptive functioning in this population.

While this sample exhibited general stability in their adaptive performance across time, the
VABS Communication Index declined significantly over the 5-year study period. It is
important to note that the Communication Index encompasses skills that may be uniquely
affected by tumors in the posterior fossa. For example, speech production in general can be
impacted by post-operative posterior fossa syndrome, and the effects of this syndrome on
language production and organization can linger indefinitely, even if productive, intelligible
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speech improves (27). At older ages, items comprising the Communication Index include
writing and advanced reading skills. These have been shown to be diminished in
ependymoma survivors (6), and thus their emergence as weaknesses in more functional
settings is not surprising.

It is notable that, while group mean scores remained within the average range across indices,
a larger-than-expected proportion of children exhibited scores below the average range.
Based on the normal distribution of 1Q and adaptive scores in the general population,
approximately 16% of the population can be expected to score below 85; yet, scores for a
greater proportion of this sample fell below the average range on most scores at nearly all
time points. The proportion of children with scores below average appeared to diminish at
the 5-year point for all VABS indices. In contrast, the proportion of the cohort with below-
average EIQ scores remained high across time. This dissociation between intellectual and
adaptive functioning warrants further scrutiny to determine which factors promote buffering
of adaptive functions. Interestingly, the proportion of children with below-average scores on
the VABS Socialization Index never exceeded population expectations. This may be due to
the ongoing social exposure that is inherent in receiving cancer treatment at a children’s
hospital, suggesting less disruption to these developmental skills. Continued longitudinal
follow-up is needed to determine whether these trends continue.

Young age at treatment has been identified as a prominent risk factor for more significant
cognitive late effects, possibly due to disrupted exposure to developmentally appropriate
material during critical periods (eg, learning to read) or to more pronounced liabilities in
attention and executive function, making new learning more difficult across domains. These
deficits are suspected to be heavily related to disrupted neural development of white matter
in early childhood. Following central nervous system-directed therapies, reduced normal-
appearing white matter volumes are overwhelmingly correlated with performance on
measures of attention, impulsivity, and processing speed (28). However, much of what is
known about these late effects stems from research into the use of craniospinal irradiation
for treatment of medulloblastoma (29). In this sample of children with ependymoma,
younger age at treatment was associated with lower baseline scores but not with the rate of
change in 1Q or adaptive scores. This finding is consistent with those of other reports of
young ependymoma survivors that suggest stable intellectual (18), memory (10), and math
and spelling skills (6), lending support for the early treatment of very young children with
focal irradiation as a conservative yet effective measure of disease control.

Although these findings are promising with regard to functional outcomes following focused
irradiation, they are not without some important limitations. The VABS is a widely used
measure of adaptive functioning, but its reliance on parent report is subject to bias. Scores
obtained using this measure, although reliable and generally stable, rely on a child’s
opportunity to demonstrate skills at an age-appropriate level, and this is sometimes affected
by factors unrelated to treatment (eg, parental expectations, socioeconomic limitations).
Clinician observation of tasks of daily living might provide a less biased assessment of skills
but would certainly add a burden to research that might prohibit large-scale investigations.
Results related to 1Q change across time may be affected by changes in 1Q instruments at
different age levels. When changing from a measure of infant 1Q to one for preschoolers or
older children, variations in scoring criteria and normative samples may eclipse true 1Q
findings or add variability that is a result of the psychometric properties of the test. This may
be addressed with more consistent measures across the age range in future studies. Finally,
these results are based on group performance across time, thereby limiting the predictive
power of results for individual patients. Future research might approach the development of
predictive algorithms that could provide specific individual risks for patients based on their
clinical and demographic histories.
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Conclusions

In summary, these findings suggest relative stability of 1Q and adaptive behaviors following
treatment for ependymoma with conformal radiation therapy methods. Behaviors most likely
to decline include communication skills, which may be affected by tumor location in the
posterior fossa and cannot be easily separated from academic skills such as reading and
writing. Future directions include the development of patient-specific risk models to help
inform parents about appropriate expectations, supports, and behavioral demands. Given the
lack of a strong relationship with the trajectory of change in 1Q, these results highlight a
need to continue evaluating adaptive functioning as a separate yet important functional
outcome for survivors of ependymoma. Further follow-up 5 to 10 years postirradiation will
be needed to examine whether functional performance remains stable. These findings
suggest that baseline performance and preirradiation factors may prove to be the strongest
predictors of functional outcome.
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Fig.

Percentage of 1Q and adaptive behavior scores falling below the average range (<85) at each
time point. Solid line at 16% denotes the expected proportion of below-average scores based
on a normally distributed population estimate. ABC = Adaptive Behavior Composite; Com
= Communication Index; DL = Daily Living Skills index; Soc = Socialization index; VABS
= Vineland Adaptive Behavior Scale. *Significantly greater than 16% is indicated at /<.

05; Tnonsignificant trend at A<.10.
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Table 1

Baseline demographic and clinical characteristics (n=123)

Mean no. of patients

Variable (95% ClI) Range
Age at RT 4.60 (3.85-5.35) 1.02-17.64
Sex
Male 61 50
Female 62 50
Race
African-American 10 8
Caucasian 107 87
Other 6 5

Tumor location

Infratentorial 98 80

Supratentorial 25 20
Number of surgeries

1 78 63

2 36 29

3 or more 9 7

Extent of pre-RT surgery

Biopsy only 0 0
STR 13 11
NTR 9 7
GTR 101 82
Pre-RT chemotherapy 29 24
Hydrocephalus 80 65
Shunt placement 46 37

Abbreviations: Cl = confidence interval; GTR = gross total resection (macroscopic complete); NTR = near total resection (<5-mm residual
disease); RT = conformal or intensity modulated radiation therapy; SD = standard deviation; STR = subtotal resection (>5-mm residual disease).
Percentages may not total 100% due to rounding procedures.
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Table 3

Clinical and demographic variables affecting baseline performance

No. of surgeries t

104.44 (95.80-113.08) a6

EIQ VABS Com
Variable Intercept (95% CI) P Intercept (95% CI) P
Age at RT* 87.14 (82.22-92.06) o1  96.86 (92.90-100.82) 986

108.35 (102.45-114.25) . g1

83.84 (79.51-88.17)

97.53 (94.34-100.72)

91.17 (87.41-94.93)
101.07 (98.33-103.81)

82.73 (78.24-87.22)
98.32 (95.01-101.63)

Sex 495 118
Male 94.52 (89.50-99.54) 94.83 (91.11-98.55)
Female 97.05 (91.86-102.24) 99.09 (95.31-102.87)
Extent of surgery .999 .628
STR 95.59 (84.30-106.88) 93.81 (85.62-102.00)
NTR 95.74 (82.06-109.42) 94.57 (83.83-105.31)
GTR 95.76 (91.76-99.76) 97.59 (94.65-100.53)
Pre-RT chemotherapy 0207 0067
Yes 87.84 (80.41-95.30) 90.34 (85.09-95.59)
No 98.04 (94.02-102.06) 99.03 (96.05-102.01)
Shunt placement <0017 <0017
Yes 86.46 (80.58-92.34) 90.17 (85.94-94.40)
No 100.67 (96.51-104.83) 100.82 (97.68-103.96)
VABS DL VABS Soc VABSABC
Intercept (95% CI) P Intercept (95% CI) P Intercept (95% CI) P
86.95(83.11-90.79) . gg1#  93.82(90.49-97.15) 0037  88.09(83.90-9228)  (gat
102.48 (96.07-108.89) 001% 106.09 (100.70-111.48) 001% 105.76 (99.21-112.31) . go17
0578 480 222
89.94 (86.04-93.84) 96.69 (93.38-100.00) 90.89 (86.73-95.05)
95.38 (91.42-99.34) 98.40 (95.03-101.77) 94.60 (90.39-98.81)
046t 463 195
82.79 (74.44-91.14) - 93.69 (86.48-100.90) 84.94 (75.94-93.94)
96.92 (85.87-107.97) .048 95.11 (85.39-104.83) 91.78 (79.98-103.58)
93.59 (90.59-96.59) .019 98.16 (95.55-100.77) 93.79 (84.79-102.79)
0087 <0017 <0017
85.96 (80.43-91.49) 89.94 (85.45-94.43) 83.16 (77.48-88.64)
94.77 (91.63-97.91) 100.00 (97.43-102.57) 95.80 (92.57-99.03)
<0017 <0017 <0017
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Abbreviations: ABC = Adaptive Behavior Composite; Cl = confidence interval; Com = Communication Index; DL = Daily Living Skills Index;
EIQ = estimated 1Q; GTR = gross total resection macroscopic complete); NTR = near total resection (<5-mm residual disease); RT = conformal
and intensity modulated radiation therapy; SEM = standard error of the mean; Soc = Socialization Index; STR = subtotal resection (>5-mm residual
disease); VABS = Vineland Adaptive Behavior Scales.
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Clinical and demographic variables are included in this table if their relationship with 1Q and VABS scores was significant or trended toward
significance in univariate models.

*

Younger age at RT was associated with lower scores, such that scores increased significantly with each additional year of age at the time of RT
for EIQ, VABS DL, VABS Soc, and VABS ABC.

fMore than one surgery was associated with significantly lower scores across EIQ and all VABS indices, where scores worsened with each

additional surgery.
iSignificant at a Pvalue of <.05.

§Nonsignificant trend at a Pvalue of <.10.
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