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Background. The aim of this study was to prospectively examine the effects of hearing loss and posterior fossa syndrome (PFS), in
addition to age at diagnosis and disease risk status, on change in intellectual and academic outcomes following diagnosis and treat-
ment in a large sample of medulloblastoma patients.

Methods. Data from at least 2 cognitive and academic assessments were available from 165 patients (ages 3-21 years) treated with
surgery, risk-adapted craniospinal irradiation, and 4 courses of chemotherapy with stem cell support. Patients underwent serial evalu-
ation of cognitive and academic functioning from baseline up to 5 years post diagnosis.

Results. Serious hearing loss, PFS, younger age at diagnosis, and high-risk status were all significant risk factors for decline in intellec-
tual and academic skills. Serious hearing loss and PFS independently predicted below-average estimated mean intellectual ability at 5
years post diagnosis. Patients with high-risk medulloblastoma and young age at diagnosis (<7 years) exhibited the largest drop in
mean scores for intellectual and academic outcomes.

Conclusions. Despite a significant decline over time, intellectual and academic outcomes remained within the average range at 5
years post diagnosis for the majority of patients. Future studies should determine if scores remain within the average range at
time points further out from treatment. Patients at heightened risk should be closely monitored and provided with recommendations
for appropriate interventions.
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Survivors of pediatric brain tumors are at risk for disease and
treatment-related cognitive and academic declines.? Medullo-
blastoma, the most common malignant pediatric brain tumor,
commonly occurs in the posterior fossa region and is usually diag-
nosed before the age of 10 years.** Five-year survival rates for
patients with medulloblastoma are 70%-85% with a treatment
protocol that includes surgical resection, craniospinal irradiation,
and chemotherapy.® Younger age at diagnosis and higher doses
of radiation are associated with worse cognitive and academic

outcomes.®~'° Thus, contemporary protocols designed to limit
radiation exposure use risk-adapted radiation dosing and a
reduced clinical target volume (CTV) for the boost irradiation to
the primary tumor site. The current study presents results from
one of the first clinical protocols to reduce the CTV to the tumor
bed to 1.0 cm for all patients.

Clinical treatment-related events also have the potential to
impact changes in cognitive and academic outcomes. Hearing
loss can occur in patients treated with the platinum-based
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compound cisplatin because of its ototoxic effects, especially in
children.** Platinum-induced hearing loss is typically bilateral,
symmetrical, permanent, and sensorineural in nature.'?~** Hear-
ing loss is also a potential adverse outcome from cranial irradi-
ation, which can damage any auditory structures from the
external ear to the higher auditory pathways that are within the
radiation fields. Thus, hearing loss can present as conductive, sen-
sorineural, mixed, or retrocochlear in nature.®

Cisplatin is a platinum-based chemotherapy that is effective
against medulloblastoma®® and is typically included as an adju-
vant in protocol-based treatment that includes surgery and cra-
nial irradiation. Patients receiving combined cranial irradiation
and platinum-based chemotherapy experience greater hearing
loss compared with patients receiving irradiation alone.!”*®
Thus, medulloblastoma patients are at high risk for hearing
loss. To date, no study has examined the longitudinal impact of
hearing loss on changes in cognitive and academic outcomes in
medulloblastoma patients.

Posterior fossa syndrome (PFS), considered a consequence of
surgery in the posterior fossa region, occurs in up to 29% of
medulloblastoma patients.*®?% PFS is variable in presentation
but typically includes diminished speech or mutism and is often
accompanied by ataxia, hypotonia, emotional lability, and other
neurocognitive sequelae.’! Recently, PFS was associated with
worse cognitive outcomes at 12-months post diagnosis in medul-
loblastoma patients.?? Few studies have examined the longitu-
dinal impact of PFS on changes in cognitive and academic
outcomes in medulloblastoma patients.

The present study aims to estimate changes in intellectual
ability and academic outcomes (reading and math) during the
5 years following diagnosis of medulloblastoma. Hearing loss,
PFS, age at diagnosis, and disease risk status (high vs average)
were included in models that examined changes in cognition
associated with treatment-related factors. We hypothesized
that children with serious hearing loss (ie, loss serious enough
to require hearing aids) would exhibit a steeper decline in intellec-
tual and academic outcomes compared with children without
serious hearing loss. Similarly, we postulated that children who
developed PFS, compared with children who did not, would ex-
hibit a steeper decline in intellectual and academic outcomes. Fi-
nally, as predicted by the literature, we expected that children
who were younger at the time of diagnosis and who received
more cranial radiation due to high-risk status would exhibit a
steeper decline in intellectual and academic outcomes compared
with patients older at diagnosis who received less radiation due to
average-risk status.

Materials and Methods

Patient Population

Participants comprised 318 patients, aged 3-21 years at diagno-
sis, with histologically confirmed medulloblastoma who enrolled
in an ongoing institutional review board-approved multisite clinical
trial for patients newly diagnosed with an embryonal brain tumor.
Participants provided informed consent at one of 9 participating
institutions. All institutions followed the same protocol-driven
medical treatment. After resection, participants were classified
as having average-risk medulloblastoma (<1.5 cm? residual

tumor and no metastatic disease) or high-risk medulloblastoma
(>1.5 cm? residual disease and/or metastatic disease localized
to the neuraxis) according to a modified Chang staging system.??
Participants were treated with postsurgical, risk-adapted cran-
iospinal irradiation (CSI) that was initiated within 31 days of sur-
gery. Participants with high-risk disease status (HR) received CSI
(M0-1, 36 Gy; M2-3, 36-39.6 Gy) and supplemental boost irradi-
ation to the tumor bed using conformal treatment methods (total
dose 55.8 Gy). When appropriate, local sites of metastasis
received supplemental irradiation (total dose 50.4-54 Gy). Partici-
pants with average risk disease status (AR) received 23.4 Gy CSI
and supplemental boost conformal irradiation to the tumor bed
to 55.8 Gy. The CTV to the tumor bed was 1.0 cm for all partici-
pants. Following radiation therapy, at ~12 weeks post-treatment
initiation, all participants received 4 cycles of high-dose chemo-
therapy (cyclophosphamide, cisplatin, and vincristine) with stem
cell support. Each cycle was 28 days in duration, and the cisplatin
dose level was 75 mg/m? to a cumulative prescribed dose of
300 mg/m?. Amifostine was used to reduce the ototoxic effect
of therapy and was administered at a dosage of 600 mg/m? in
a 1 min intravenous infusion immediately preceding and again
3 hours into each of the 4 courses of cisplatin. Participants were
followed medically every 3 months for 2 years and every 6 months
after completion of treatment.

Serial audiometric evaluations were completed as standard of
care in this protocol and typically consisted of evaluations at
baseline (occurring within 2 weeks of initiation of radiation ther-
apy), prior to each high-dose cisplatin chemotherapy cycle, and at
regular intervals following diagnosis. The present study utilized
available data from the most recent audiogram conducted,
which was at ~24-months post diagnosis for the majority of par-
ticipants (mean [M]=23.26, SD = 8.57, median = 24, range 6-
72 months post diagnosis).

Under protocol guidelines, all patients were to undergo serial
assessments of cognitive and academic functioning spanning
from baseline (after surgical resection and within 2 weeks of ini-
tiation of radiation therapy) up to 5 years following treatment. Of
the 318 participants enrolled at the time of the current analyses,
55 were excluded due to having only one valid cognitive or aca-
demic assessment, and 98 were excluded because they had no
cognitive or academic assessments. Reasons for having no cogni-
tive or academic assessments included enrollment at a site that
did not participate in the testing (n = 19), medical status restrict-
ing assessment or progressive disease (n = 32), lack of English flu-
ency (n=14), no informed consent (n = 11), scheduling conflicts
(n=7), data not received from site or assessment not scheduled
(n=4), patients/parents refused testing (n = 7), patient moved
(n=1), and patients ineligible (due to comorbid psychological
issues, blindness, and mutism; n=3). The current sample
included 165 participants from 8 collaborative sites who provided
data from at least 2 assessment time points over the course of
study participation. Given the interest in modeling change over
time, the current study did not require that all participants com-
plete a baseline assessment. Due to the ongoing nature of this
study, 52.12% of the participants aged through all 5 years of
the protocol at the time of data analysis. The majority of partici-
pants (81.21%) aged through at least 3 years of the protocol. The
representativeness of the study sample was examined and
described below.
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Cognitive and Academic Assessment

Assessments were conducted at baseline, 1, 3, and 5 years post
diagnosis at all participating institutions. At St. Jude Children’s Re-
search Hospital, participants were evaluated at baseline and an-
nually from the time of diagnosis. To be included in the current
study, participants completed protocol-driven assessments of
cognitive and academic functioning using the Woodcock-
Johnson Tests of Cognitive Abilities Third Edition (WJITI-Cognitive
Abilities)** and the Woodcock Johnson Tests of Achievement
Third Edition (WJIII Tests of Achievernent)®” at 2 or more time
points. These batteries were chosen because they could be admi-
nistered to a broad age range (2 years through 90 years) and thus
were suitable for the entire participant population. They were also
available in an Australian-specific version. Age-adjusted standar-
dized scores were used in the analyses and had a population
mean of 100 and a standard deviation of 15. The WJIII-Cognitive
Abilities and WJIII Tests of Achievement were typically adminis-
tered on 2 separate but consecutive days. Collectively, the 165 par-
ticipants completed 552 assessments of WJIII-Cognitive Abilities
and 530 assessments of WJIII Tests of Achievement between
zero and 5 years from diagnosis (median = 3 assessments per pa-
tient; range = 2-6). Of the participants who finished all 5 years of
the protocol, 53 completed an evaluation at 5 years post diagnosis.

General Intellectual Ability

The WIJIII-Cognitive Abilities, General Intellectual Ability (GIA)
composite was used to assess overall intellectual ability. This is
comparable to the full-scale IQ score, both of which provide a
measure of broad intellect or “g.” The GIA score was obtained
by administering the Standard Battery, which consists of the fol-
lowing 7 subtests: Verbal Comprehension, Visual-Auditory Learn-
ing, Spatial Relations, Sound Blending, Concept Formation, Visual
Matching, and Numbers Reversed.

Academic Abilities

The WJIII Tests of Achievement, Broad Reading and Broad Math
composites were used to assess reading and math ability, re-
spectively. The WIJIII Tests of Achievement have high-criterion
validity correlations with several widely used tests of achieve-
ment.”> The Broad Reading composite was obtained by adminis-
tering the following subtests to participants 5.10 years or older:
Letter-Word Identification, Reading Fluency, and Passage Com-
prehension. The Broad Math composite was obtained by adminis-
tering the following subtests to participants 5.6 years or older:
Calculation, Math Fluency, and Applied Problems. Ten patients
were too young to complete academic testing at baseline; how-
ever, these patients were evaluated and included in the analyses
at subsequent time points.

Audiological Assessment

A variety of hearing evaluation methods were used to assess
hearing depending on the participant’s age, development, cogni-
tion, and cooperation. These included tympanometry, assess-
ment of pure-tone air conduction thresholds and pure-tone
bone conduction thresholds, auditory brainstem response, audi-
tory steady-state response, and/or distortion-product otoacoustic

Table 1. Chang ototoxicity grading scale

Grade  Sensorineural hearing threshold (dB HL) bone conduction or air
conduction with normal tympanogram

0 <20dBat 1, 2, and 4 kHz

la >40 dB at any freq 6-12 kHz

1b >20 and <40 dB at 4 kHz

2a >40 dB at 4 kHz and above

2b >20 and <40 dB at any freq below 4 kHz

3 >40 dB at 2 or 3 kHz and above

4 >40 dB at 1 kHz and above

emissions measurements. Audiometric data from all institutions
were reviewed and assigned an ototoxicity grade by a St. Jude
clinical research audiologist based on the Chang Ototoxicity Grad-
ing Scale (Table 1).2° A Chang grade >2b was considered serious
hearing loss requiring the use of hearing aids. Thus, this score was
used as a cutoff for considering those with serious hearing loss
versus those without serious hearing loss.

Statistical Analysis

Descriptive analyses of demographic and clinical variables were
used to characterize the sample. Linear mixed-effect models
(LMM) using PROC MIXED procedure in SAS Release 9.2 (SAS Insti-
tute) were fitted to examine the effect of each factor on the aver-
age rate of change over time (slope) and the differences in
estimates of slope between groups. LMM is a rigorous technique
based on maximum likelihood and can accommodate variations
in the number and timing of measurements provided by each par-
ticipant. Given the interest in modeling change over time, all parti-
cipants providing data from 2 or more assessment time points
were included for analysis. Before any analyses were completed,
extensive visual inspection and spline smoothing of the scatter
plots were completed. A linear change was assumed in all models
because no deviations from linearity were apparent. All analyses
performed were 2-tailed, and a significance threshold alpha level
of P=.05 was used.

Variables

Time from diagnosis (ie, years), serious hearing loss (yes/no), PFS
(yes/no), age at diagnosis, and risk status (high risk [HR] vs aver-
age risk [AR]) were included as explanatory variables in separate
LMMs. In addition, age at diagnosis was dichotomized at 7 years
for comparison with previous studies (<7 vs >7).8 This is consid-
ered an important age for learning because a critical transition
from learning to read to reading to learn occurs around this
time (or during the third grade).?” If diagnosis and treatment dis-
rupt the early focus on learning to read, we might expect patients
to have more difficulty with subsequent academic achievement.
The GIA composite score, Broad Reading composite score, and
Broad Math composite score were all taken as outcomes in sep-
arate analyses.

First, simple models were employed to estimate average
change over time (slope) for each outcome variable. Second, sep-
arate unadjusted models were fitted to examine the effects on
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Table 2. Characteristics of participants compared with nonparticipants

Variable Excluded Included P value
(n=153) (n=165)
Hearing, % (n)
<2b 83.69 (118) 78.18 (129) 220
>2b 16.31 (23) 21.82 (36)
PFS, % (n)
No 71.90 (110) 80.61 (133) 07°
Yes 28.10 (43) 19.39 (32)
Age at diagnosis, M (SD) 8.25 (3.56) 9.88 (4.04) .00°
<7 years, % (n) 41.83 (64) 27.27 (45)
>7 years, % (n) 58.17 (89) 72.72 (120)
Risk, % (n)
Average 64.71 (99) 75.15 (124) 04°
High 35.29 (54) 24.85 (41)
Sex, % (n)
Female 35.29 (54) 37.58 (62) 67°
Male 64.71 (99) 62.42 (103)
Race, % (n)
Indigenous Australian 0.00 (0) 0.61 (1) 41€
Asian 6.54 (10) 4.85 (8)
Asian and white 0.65 (1) 0 (0)
Black 6.54 (10) 8.48 (14)
Black and white 0.00 (0) 1.21 (2)
Multiple race (NOS) 0.65 (1) 0.00 (0)
Other 3.92 (6) 4.24 (7)
Pacific Islander 1.31(2) 0.61 (1)
Unknown 4.58 (7) 1.21 (2)
White 75.82 (116) 78.79 (130)

Abbreviations: NOS, not otherwise specified.
92-sample t test.

®Pearson chi-square test.

“Fisher’s exact test.

slope by the treatment-related factors: hearing loss, PFS, age at
diagnosis, and risk status. Finally, a model was used to investigate
the effects of the age at diagnosis and risk status on slope
simultaneously.

Results

Demographic and Clinical Comparisons

Demographic and clinical characteristics of participants are listed
in Table 2. Of the participants included in this study, 21.82%
experienced serious hearing loss, 19.39% had PFS, and most
had AR (75.15%). Mean age at diagnosis was 9.88 years (SD =
4.0; median =9.12). Comparisons between participants from
the source population who were included versus participants
who were excluded due to missing data indicated no statistical
differences in sex, race, or percentage with serious hearing loss.
However, the nonparticipants (n=153) had a significantly
lower mean age at diagnosis (M= 8.25; SD =3.56) and com-
prised a higher percentage of patients with HR (35.29%) than
the participants included in the study.

Multivariate Modeling

Without taking into account risk factors, LMMs suggested statis-
tically significant declines in reading (—0.67 points/y; P<.01;
95% CI, —1.10 to —0.23) and math ability (=0.99 points/y; P <
.01; 95% CI, —1.45 to —0.53); GIA did not decline significantly
(—0.35 points/y; P=.18; 95% CI, —0.86 to 0.16). The mean esti-
mated outcomes at 5 years post diagnosis remained within the
average range (standard scores =90-110) for all outcomes.
The main effect of sex was explored with no significant effect,
and thus sex was removed from further modeling.

Clinical Risk Factors

Hearing Loss Status. See Table 3 for model statistics. LMMs sug-
gested that participants with serious hearing loss (>2b on Chang

Table 3. Parameter estimates of models with hearing loss and posterior fossa syndrome

Hearing Loss PFS
Outcome N (Obs) Effect Estimate SE P value Effect Estimate SE P value
GIA 153 (552) Intercept 95.32 3.37 <.01 Intercept 81.34 3.60 <.01
Hearing 3.80 3.77 32 PFS 20.07 3.92 <.01
Time -2.07 0.57 <.01 Time -0.15 0.66 .82
Time*Hearing 2.11 0.63 <.01 Time*PFS -0.13 0.72 .86
Reading 148 (530) Intercept 96.04 2.70 <.01 Intercept 89.38 3.02 <.01
Hearing —0.04 3.03 .99 PFS 8.24 3.28 .01
Time -1.69 0.47 <.01 Time -1.75 0.56 <.01
Time*Hearing 1.34 0.53 .01 Time*PFS 1.34 0.61 .03
Math 145 (528) Intercept 98.45 2.71 <.01 Intercept 92.15 3.07 <.01
Hearing —-0.05 3.05 .99 PFS 7.56 3.34 .03
Time -1.78 0.52 <.01 Time -1.21 0.60 <.05
Time*Hearing 1.00 0.58 .09 Time*PFS 0.29 0.65 .66

Abbreviations: GIA, general intellectual ability; Hearing, serious hearing loss; N, number of patients; Obs, observations; SE, standard error; Time, time

since diagnosis; PFS, posterior fossa syndrome.
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scale) exhibited a significant decline in GIA (=2.07 points/y; P<
.01), but individuals without serious hearing loss did not
(0.04 points/y; P=.89). The 2 groups differed significantly (P <
.01). Participants with serious hearing loss exhibited a significant
decline in reading ability (—1.69 points/y; P <.01), but those with-
out serious hearing loss did not (—0.35 points/y; P=.14). The 2
groups differed significantly (P=.01). Participants with and with-
out serious hearing loss exhibited significant declines in math
ability (—1.78 points/y; P<.01and —0.78 points/y; P <.01, re-
spectively), but there was no significant difference between
groups (P=.09). Fig. 1 indicates that participants with serious
hearing loss had mean estimated GIA that dropped below aver-
age by 4 years post diagnosis.

Given the findings for participants with serious hearing loss,
additional analyses were run to determine if those with serious
hearing loss were also more likely to have other identified risk fac-
tors. Fisher’s exact test indicated no significant difference in risk
status between participants with and without serious hearing
loss. A 2-sample t test indicated no significant difference in age
at diagnosis between participants with and without serious hear-
ing loss.
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Fig. 1. Estimated intellectual and academic outcomes by hearing loss.

Posterior Fossa Syndrome Status. See Table 3 for model statis-
tics. LMMs suggested that participants with PFS exhibited a signifi-
cant decline in reading ability (=1.75 points/y; P<.01), but
participants without PFS did not (—0.41 points/y; P=.08). The 2
groups differed significantly (P=.03). No significant differences
were detected between participants with and without PFS in
change in GIA (P=.86) or math ability (P=.66). As indicated by
the intercept estimates in Table 3, the estimated mean score for
GIA was below average at baseline. However, only 33% of the
participants with PFS provided assessment data at baseline due
to medical status restricting participation in many cases.

Risk Status. LMMs suggested that HR participants exhibited a sig-
nificant decline in GIA (—2.32 points/y; P<.01), whereas AR par-
ticipants did not (0.19 points/y; P=.50); the groups differed
significantly (P <.01). Similarly, HR participants exhibited a signifi-
cant decline in reading ability (—1.48 points/y; P= <.01), whereas
AR participants did not (—0.41 points/y; P=.10); the groups dif-
fered significantly (P=.04). HR and AR participants exhibited sig-
nificant declines in math ability (=1.98 points/y; P= <.01 and
—0.70 points/y; P=.01, respectively). HR participants demon-
strated a significantly steeper decline (P=.02).

Age at Diagnosis. Model fitting suggested that age at diagnosis
had a significant effect on the rate of decline in GIA (0.27 points/
y; P<.01), reading (0.29 points/y; P<.01), and math abilities
(0.19 points/y; P <.01). Next, age at diagnosis was dichotomized
at 7 years (<7 vs >7). Results suggested participants <7 years at
diagnosis exhibited a significant decline in GIA (—2.14 points/y;
P<.01), but participants >7 years at diagnosis did not
(0.52 points/y; P=.09), although they showed a trend toward in-
creasing GIA. The groups differed significantly (P <.01). Similarly,
participants <7 years at diagnosis exhibited a significant decline
in reading ability (—2.63 points/y; P<.01), whereas participants
>7 years at diagnosis did not (=0.20 points/y; P=.39). The
groups differed significantly (P<.01). Participants <7 years
and >7 years at diagnosis exhibited significant declines in math
ability (—1.12 points/y; P=.04 and —0.96/points/y; P=.01,
respectively). The group difference was not significant (P=.79).

Risk and Age at Diagnosis. LMMs were fitted to examine the ef-
fect on change by risk status and dichotomized age at diagnosis
(<7 vs =7 years) simultaneously. Results were similar to those
reported above. There was a significant difference between parti-
cipants <7 versus >7 years at diagnosis in GIA (P<.01), and
reading (P <.01) but not math ability, (P=.81). There was a sig-
nificant difference between HR versus AR participants in GIA (P <
.01), reading (P =.03), and math ability (P =.02). Table 4 provides
the estimates of intercept and slopes.

For the younger (<7 y at diagnosis) HR participants, the declines
in GIA (—3.96 points/y; P <.01), reading (—3.42 points/y; P<.01),
and math ability (—=2.08 points/y; P <.01) were significant. For the
younger AR participants, the declines in GIA (—1.54 points/y; P <
.01) and reading ability (—2.38 points/y; P<.01) were significant.
The decline in math ability was not (—0.81 points/y; P=.15).

For the older (>7 y at diagnosis) HR participants, the declines
in GIA (—1.40 points/y; P < .01), reading (—0.99 points/y; P=.03),
and math ability (—1.94 points/y; P < .01) were significant. For the
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Table 4. Estimated intercepts and slopes of intellectual ability and academic outcomes by age and risk groups

<7 years average risk (n=58) <7 years high risk (n=19)

>7 years average risk (n = 66) >7 years high risk (n=22)

Outcome Intercept™ Slope Intercept™ Slope Intercept™ Slope Intercept™ Slope
(points) (points/y) (points) (points/y) (points) (points/y) (points) (points/y)
GIA 97.64 —1.54* 104.91 —3.96" 95.80 1.03* 103.07 —1.40"
Reading  100.43 —2.38** 102.77 —3.42% 94.88 0.05 97.22 —0.99*
Math 97.80 -0.81 99.75 —2.08** 98.02 -0.67* 99.97 —1.94**

Abbreviations: GIA, general intellectual ability; n, number of patients.

Note: *Expected population average = 100 (Standard Deviation = 15); *P < .05, **P <.01.
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Fig. 2. Estimated intellectual and academic outcomes by risk and age at
diagnosis.

older AR participants, GIA increased significantly (1.03 points/y;
P <.01), math decreased significantly (=0.67 points/y; P=.02);
however, change in reading ability was not significant
(0.05 points/y; P=.85).

Examination of the intercept and slope estimates in Table 4
reveals that, although many participants exhibited significant
declines over time, most participants had mean scores that
were estimated to remain within the average range at 5 years
post diagnosis. Notably, younger, HR participants were estimated
to exhibit the largest drop in mean scores for GIA, reading, and
math ability at 5 years post diagnosis (19.8 points, 17.1 points,
and 10.4 points, respectively) with mean estimated GIA and read-
ing ability approaching below average by 5 years post diagnosis
(Fig. 2). Young AR participants had the second-largest estimated
drop in estimated mean scores for GIA and reading ability (7.7
points and 11.9 points, respectively).

Discussion

The current study prospectively examined clinical risk factors for
change in intellectual and academic outcomes over 5 years post
diagnosis in pediatric patients treated for medulloblastoma with
risk-adapted therapy that included a reduced CTV (1.0 cm) for the
boost irradiation to the tumor bed for all patients. Our study con-
tributes uniquely to the literature in being the first to examine
associations between serious hearing loss and change in intellec-
tual and academic outcomes in medulloblastoma patients.
Patients with hearing loss serious enough to require hearing
aids demonstrated significant declines in intellectual and aca-
demic outcomes, with mean intellectual ability estimated to
drop below average by 4 years post diagnosis. This is not surpris-
ing, given the literature indicating that unilateral or mild bilateral
hearing loss can have detrimental effects on a child’s speech, lan-
guage, and academic achieverent.?®~3° Our findings are consist-
ent with those from a retrospective study of neuroblastoma
patients who suffered hearing loss after platinum-based chemo-
therapy and were subsequently found to be at risk for academic
problems.>?

Our findings confirm that hearing loss is an additional risk for
intellectual and academic decline following treatment for medul-
loblastoma. Regular and consistent hearing tests are imperative
for detecting hearing loss as early as possible. When hearing
loss occurs, emphasis should be placed on the importance of
using hearing aids, particularly with patients who are at heigh-
tened risk for declines in intellectual and academic outcomes
due to other identified risk factors (eg, young age at diagnosis
and high-risk disease). The current study did not have data to
examine the adherence rate of hearing aid use; however, persist-
ent hearing difficulties have been documented in a large number
of children, even when using a hearing aid regularly.>” Therefore,
caregivers of patients with hearing loss should also ensure that all
school professionals working with the patient understand the im-
pact of hearing loss on educational demands.

An additional clinical risk factor, PFS, was associated with a
significant decline in reading ability but not intellectual or math
ability. Only a third of participants with PFS provided assessment
data at baseline due to medical status restricting participation in
many cases; however, estimated baseline mean scores were
below average for intellectual ability. Intellectual ability was esti-
mated to remain below average, and reading ability was esti-
mated to drop below average by 3 years post diagnosis. Our
findings confirm that patients with PFS are at high risk for poor
cognitive and academic outcomes. More detailed study is needed
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to further elucidate the specific impairments in this group of
patients.

Consistent with the literature,®~'° younger age at diagnosis
and high-risk disease (eg, higher doses of radiation) predicted
declines in intellectual and academic outcomes; however, esti-
mated mean scores remained within the average range for
most participants. Those who were younger at diagnosis (<7
years) and higher risk had estimated intellectual and reading abil-
ity mean scores that approached below average by 5 years post
diagnosis. Younger age at diagnosis was the stronger and more
consistent predictor of larger declines in intellectual and reading
ability.

Our findings indicate that reading ability may be particularly
vulnerable to young age at diagnosis, as suggested by prior pedi-
atric brain tumor studies.®3%3* The language skills that support
these emerging reading skills might also be vulnerable following
treatment.>> Studies propose that posterior fossa-directed boost
irradiation at young ages may disrupt the normal patterns of
brain development that underlie the acquisition of reading
skills.®3 Despite the smaller CTV (1.0 cm) for the boost irradiation
in the present study, our findings also lend support for this hy-
pothesis. Future neuroimaging studies are needed to confirm
altered patterns of brain activation during language and
reading-related tasks in patients who are younger at the time
of diagnosis.

Although this large study of participants treated on the same
clinical protocol provides important findings about intellectual
and academic outcomes of medulloblastoma patients, limita-
tions must be acknowledged. First, participants who were
excluded due to missing data had a lower mean age at diagnosis,
and more were high-risk patients. Although we found that
younger age at diagnosis and higher risk predicted declines in in-
tellectual and academic outcomes, our results may underesti-
mate the true severity of the declines in the population given
the missing data. Second, only 33% of the patients with PFS pro-
vided baseline data due to medical complications restricting par-
ticipation in testing. Thus, results from this population must be
interpreted with caution. More focused study of patients with
PFS is needed. Third, a common issue with clinical studies is the
lack of a comparison group. Since our study did not have a com-
parison, we had to rely on normative data provided by the psycho-
metric measures that were standardized on large, representative
samples.

In summary, serious hearing loss, PFS, younger age at diagno-
sis, and high-risk disease are significant clinical risk factors for de-
cline in intellectual and academic outcomes in medulloblastoma
patients. However, our results also suggest that intellectual and
academic functioning remain within the average range at 5
years post diagnosis for the majority of patients. Future studies
need to provide assessments at points further out from diagnosis
to determine if the decline in skills continues beyond 5 years post
diagnosis. Thus, our results further highlight the importance of
continued monitoring of patients’ cognitive functioning after
treatment for pediatric medulloblastoma.
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