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Abstract

Background: Hearing loss may occur in patients with posterior fossa low-grade glioma who undergo surgery.
Methods: We retrospectively reviewed 217 patients with posterior fossa low-grade glioma, including 115 for whom
results of hearing tests performed after surgery and before chemotherapy or radiation therapy were available. We
explored the association of UHL with age at diagnosis, sex, race, tumor location, extent of resection, posterior
fossa syndrome, ventriculoperitoneal shunt placement, and histology.

Results: Of the 115 patients, 15 (13.0%: 11 male, 6 black, 8 white, 1 multiracial; median age 7 years [range, 1.3—
17.2 years]) had profound UHL after surgery alone or before receiving ototoxic therapy. Median age at tumor
diagnosis was 6.8 years (range, 0.7-14.1 years), and median age at surgery was 6.8 years (range, 0.7-14.1 years).
Patients with UHL had pathology characteristic of pilocytic astrocytoma (n = 10), ganglioglioma (n = 4), or low-
grade astrocytoma (n = 1). Of these 15 patients, 4 underwent biopsy, 1 underwent gross total resection, 1 under-
went near-total resection, and 9 underwent subtotal resection. UHL was more frequent in black patients than in
white patients (OR 7.3, P = .007) and less frequent in patients who underwent gross total resection or near-total
resection than in those who underwent subtotal resection (OR 0.11, P=.02).

Conclusions: Children undergoing surgery for posterior fossa low-grade glioma are at risk for UHL, which may
be related to race or extent of resection. These patients should receive postoperative audiologic testing, as earlier
intervention may improve outcomes.

hearing loss low-grade glioma pediatric posterior fossa surgery

Low-grade gliomas are the most common brain tumors in  can be cured by gross total resection alone.>® Resection
children and are most often located in the posteriorfossa.' is the initial treatment of choice when surgery is feasible.
Cerebellar low-grade gliomas are the most amenable to However, when gross total resection of a tumor would
resection, and children with these tumors have 10-year  produce unacceptable sequelae, as in the case of a tumor
survival rates of 90% or higher; the rare tumor recurrences  located in the brainstem, surgery may be limited to biopsy
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or subtotal resection. The optimal treatment after incom-
plete resection of a tumor or for patients who experience
tumor progression after surgery remains uncertain; both
radiation therapy and chemotherapy may be effective.
Some studies have shown an improvement in progres-
sion-free survival with adjuvant postoperative radiation
therapy, whereas other studies have shown no such
improvement.519-13 Adjuvant chemotherapy is preferable
for children with incompletely resected or progressive low-
grade glioma because such treatment can delay the initi-
ation of radiation therapy and its associated toxicity.'#22

Hearing loss may be a neurotoxic sequela of the con-
ventional chemotherapy and radiation therapy used to
treat low-grade gliomas.?*-?6 Surveillance with audiologic
assessments for patients receiving ototoxic chemother
apy or radiation has become the standard of care for these
patients, but such surveillance is not routinely performed
for patients treated with surgery alone. Unfortunately,
surgery for pediatric low-grade glioma is also not with-
out long-term cognitive, medical, and neurologic conse-
quences.?’?8 Hearing loss secondary to tumor invasion or
surgical damage to the vestibulocochlear nerve (cranial
nerve [CN]VII) has been reported, albeit rarely, in children
with posterior fossa tumors.2%-3%

Despite the excellent prognosis of pediatric posterior
fossa low-grade glioma, it is important to recognize that
neurologic consequences such as hearing loss after sur-
gery alone may affect the patient’s overall quality of life.
We present the first large study of pediatric patients with
posterior fossa low-grade glioma who developed hearing
loss after undergoing surgery but before receiving oto-
toxic chemotherapy and radiation therapy, and we identify
potential risk factors for this development.

I
Materials and Methods

Data and Study Population

After obtaining Institutional Review Board approval, we
retrospectively reviewed 217 patients with posterior fossa
low-grade glioma for unilateral hearing loss (UHL) that was
diagnosed at our institution between 1985 and 2015. The
tumors were categorized by their location as cerebellar,
brainstem, cerebellar and brainstem, midbrain extending
to the lower brainstem and/or cerebellum, or cervicomed-
ullary. The age at tumor diagnosis was defined as the age
on the day of upfront surgery or on the day of imaging diag-
nosis if no initial surgery was performed. The age at initial
surgery was obtained from medical records. The date of
the audiologic assessment by which hearing loss was first
identified was used to calculate the age at onset of hear-
ing loss. UHL was defined as any hearing loss in one ear
that was sensorineural or neural in nature. Patients with a
history of hearing insults that could account for their hear-
ing loss before tumor treatment were excluded. Otoscopy
and tympanometry were performed on every patient to
determine the status of the outer ear canal, tympanic
membrane, and middle ear cavity. Audiologic assessments
were obtained via evoked auditory brainstem responses
or behavioral pure-tone audiometry (at 0.25, 0.5, 1, 2, 3, 4,

6, and 8 kHz), depending on the patient’s age and devel-
opment. The severity of UHL was measured in accordance
with Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0. Hearing loss was present if there was
UHL of CTCAE grade >1, based on audiograms at 1, 2, 3,
4, 6, and 8 kHz.The hearing loss was graded from 1 to 4 as
follows: grade 1: threshold shift exceeding 20 dB at 8 kHz
in at least one ear; grade 2: threshold shift exceeding 20 dB
at 4 kHz or higher in at least one ear; grade 3: hearing loss
sufficient to indicate therapeutic intervention (including
provision of hearing aids), with a threshold shift exceeding
20 dB at 3 kHz or higher in at least one ear, and additional
speech-language-related services indicated; grade 4:
audiologic indication for a cochlear implant and additional
speech-language-related services indicated.

Statistical Analysis

Descriptive statistics were obtained for continuous vari-
ables, including age at tumor diagnosis, age at surgery,
and age at hearing loss. Distributions of sex, race, tumor
location at diagnosis, extent of initial resection, tumor hist-
ology, tumor grade, BRAF duplication status, BRAFV600E
mutation status, placement of a ventriculoperitoneal shunt
(VPS), and posterior fossa syndrome were also reported.
For the continuous variables, the t test was used to com-
pare the differences between patients with normal hearing
and those with hearing loss.The chi-squared test or Fisher’s
exact test was used to test the association of categorical
variables with hearing loss. Logistic regression was used
to explore the association of hearing loss with age at diag-
nosis, sex, race, tumor location, posterior fossa syndrome,
placement of a VPS, extent of initial resection, histology,
BRAF duplication, and BRAF'6°°E mutation with backward
selection. SAS 9.3 version was used for the analyses.

I
Results

Patient and Clinical Characteristics

A total of 115 patients with posterior fossa low-grade gli-
oma for whom hearing test results were available and who
had undergone surgery as the initial treatment for their
tumor were included in the analysis. Fifteen (13.0%) of
the 115 patients had confirmed UHL after undergoing sur-
gery and before receiving any chemotherapy or radiation
therapy. Among the 15 patients with UHL at their base-
line hearing evaluation, 14 had profound hearing loss (no
response observed or CTCAE grade 4) in one ear but nor-
mal hearing in the other ear; one patient had severe hear-
ing loss (CTCAE grade 3) in one ear and normal hearing
in the other ear. Of the 115 patients with posterior fossa
low-grade glioma, 100 (87.0%) had normal hearing or tran-
sient conductive hearing loss. Statistical analysis was per-
formed for those patients for whom the results of hearing
tests were available, and the descriptive statistics of age at
diagnosis, age at surgery, and age at onset of hearing loss
are reported, along with the corresponding P values, in
Table 1.The median time from tumor diagnosis to the hear-
ing exam was 0.3 years (range, 0.01-7.2 years). Surgery
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Table1 Descriptive statistics of patients with posterior fossa low-grade glioma who underwent surgery and had hearing-test results available
(n=115)

Variables Normal hearing Hearing loss present Pvalue
Patients 100 (86.9%) 15 (13.0%)
Median age at surgery, years (range) 6.4 (0.6-16.8) 6.8 (0.7-14.1)
Median age at tumor diagnosis, years (range) 6.1 (0.5-16.8) 6.8 (0.7-14.1)
Median age at hearing loss, years (range) 7.0 (1.3-17.2)
Median time from tumor diagnosis to baseline testing of hearing loss, 0.3 (0.01-7.2)
years (range)
Median time from baseline hearing test to last follow-up hearing test, 8.6 (0.7-13.2)
years* (range)
Median severity of baseline hearing loss, CTCAE grade (range) 4 (3-4)
Median severity of hearing loss at last follow-up, CTCAE grade (range) 4 (1-4)
Sex .1394
Female 47 (92.2%) 4 (7.8%)
Male 53 (82.8%) 1 (17.2%)
Race .0499
Black 17 (73.9%) 6(26.1%)
White 80 (90.9%) 8(9.1%)
Multiple race 3(75.0%) 1(25.0%)
Location of tumor .9651
Brainstem 29 (87.9%) 4(12.1%)
Cerebellum 17 (89.5%) 2(10.5%)
Cervicomedullary 8(88.9%) 1(11.1%)
Midbrain extending to brainstem/cerebellum 3(100.0%)
Brainstem and cerebellum 43 (84.3%) 8(15.7%)
Extent of resection .2920
Biopsy 22 (84.6%) 4 (15.4%)
GTR 31(96.9%) 1(3.1%)
NTR 8(88.9%) 1(11.1%)
STR 38 (80.9%) 9(19.1%)
Cyst aspiration 1(100.0%)
Posterior fossa syndrome .3731
No 90 (88.2%) 12 (11.8%)
Yes 10 (76.9%) 3(23.1%)
Ventriculoperitoneal shunt .8517
No 82 (87.2%) 12 (12.8%)
Yes 18 (85.7%) 3(14.3%)
Histology .0836
Diffuse astrocytoma 7 (100.0%)
Pilocytic astrocytoma 83 (89.3%) 10 (10.8%)
Low-grade astrocytoma 2 (66.7%) 1(33.3%)
Low-grade glioma (not otherwise specified) 1(100.0%)
Low-grade neuroepithelial 1(100.0%)
Ganglioglioma 6 (60.0%) 4 (40.0%)
Grade .5921
Unknown 4 (80.0%) 1(20.0%)
1 89 (86.4%) 14 (13.6%)

2 7 (100.0%)
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Table1 Continued

Variables

BRAF duplication
No
Yes
NA

BRAFV60%E mutation
No
Yes
NA

Normal hearing Hearing loss present Pvalue
.8953
8(88.9%) 1(11.1%)
21 (84.0%) 4 (16.0%)
71 (87.7%) 10 (12.4%)
.1949
19 (79.2%) 5(20.8%)
3(75.0%) 1(25.0%)
78 (89.7%) 9 (10.3%)

*Hearing test at last follow-up available for 14 of the 15 patients with unilateral hearing loss; PF, posterior fossa; LGG, low-grade glioma; CTCAE,
Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. (grade 1: threshold shift > 20 dB at 8 kHz in at least one ear; grade 2: threshold
shift > 20 dB at 4 kHz and above in at least one ear; grade 3: hearing loss sufficient to indicate therapeutic

intervention, including hearing aids, threshold shift > 20 dB at 3 kHz and above in at least one ear, and additional speech-language-related services
indicated; grade 4: audiologic indication for cochlear implant and additional speech-language—related services indicated); GTR, gross total resec-
tion; NTR, near-total resection (at least 90% of the tumor resected); STR, subtotal resection; NA, not available.

was the initial treatment for 115 patients, being performed
at a median age of 6.5 years (range, 0.6-16.8 years).The 15
surgical patients with UHL had undergone their initial sur-
gery at a median age of 6.8 years (range, 0.7-14.1 years),
and their hearing loss was diagnosed at a median age of
7 years (range, 1.3-17.2 years).

The patient population included 115 patients (57 female
and 74 male) for whom the results of hearing tests were
available. UHL was reported in 4 (7.8%) of the 51 female
patients and in 11 (17.2%) of the 64 male patients. Three
racial groups were identified in the 15 patients with pos-
terior fossa low-grade glioma and UHL: 6 patients (40%)
were black, 8 (53.3%) were white, and 1 (6.6%) was multi-
racial. UHL was found in 8 (15.7%) of 51 patients with
tumors in the brainstem and cerebellum, in 2 (10.5%)
of 19 patients with cerebellar tumors, in 4 (12.1%) of 33
patients with brainstem tumors, in 1 (11.1%) of 9 patients
with cervicomedullary tumors, and in no patients with
midline tumors extending to the brainstem and/or cere-
bellum. Four patients with UHL had tumor involvement
of the cerebellopontine angle, and 1 patient had internal
auditory canal involvement. The extent of resection in the
15 patients with UHL was as follows: 4 (26.7%) had under-
gone biopsy, 1 (6.7%) had undergone gross total resec-
tion, 1 (6.7%) had undergone near-total resection, and 9
(60.0%) had undergone subtotal resection. A record of the
surgical approach was available for all 10 of the patients
with UHL who had undergone surgery at our institution;
the reported approaches were midline suboccipital (6
cases), retromastoid (2 cases), retrosigmoid (1 case), and
an s-shaped incision parallel to C1-C2 (1 case). Twenty-one
of the 115 patients had undergone VPS placement, and
3 (14.3%) of these 21 patients had UHL. Posterior fossa
syndrome was seen in 13 of the 115 patients; 3 (23.1%) of
these 13 had UHL. UHL was seen in patients with the fol-
lowing tumor types: pilocytic astrocytoma (10 patients),
ganglioglioma (4 patients), and low-grade astrocytoma (1
patient). Of the 115 patients, the results of BRAF duplica-
tion testing were available for 34 (29.6%) patients. BRAF

duplication was present in 25 (73.5%) of these 34 patients
(4 with UHL and 21 with no hearing loss). The results of
BRAFV600E mutation testing were available for 28 (24.3%)
of the 115 patients and were positive for the mutation in
1 patient with UHL and in 3 patients with no hearing loss
(Table 1).

The results of long-term follow-up hearing tests were
available for 14 patients at a median time from their first
hearing exam of 8.6 years (range, 0.7-13.2 years). In the
original ear with UHL, the hearing loss at long-term follow-
up was unchanged in 9 patients, improved in 3 patients,
and worse in 1 patient; hearing loss in 1 patient was
unchanged in the same ear, but worse in the other ear. Of
these 14 patients with long-term follow-up, 11 had experi-
enced recurrences of their tumor requiring additional inter-
vention, including chemotherapy, radiation treatment, or
surgery. Hearing assistance devices (ie, frequency modu-
lation systems or contralateral routing of signals [CROS]
hearing aids) were recommended for all 15 patients with
UHL but were used by only 4 patients (26.6%).

Hearing Loss and Risk Factor Analysis

We identified risk factors for initial UHL in the patients
undergoing initial surgical treatment. We did not assess
risk factors for long-term hearing loss, as the patients
might have received therapies known to be ototoxic. Of
all the variables examined, including age at diagnosis,
sex, race, tumor location, posterior fossa syndrome, VPS
placement, initial extent of resection, tumor histology,
BRAF duplication status, and BRAF'6°F mutation status,
we found only race and extent of resection to be statistic-
ally significantly associated with UHL (P=.007 and P=.02,
respectively). UHL was associated more with black patients
than with white patients (OR 7.3, P = .007) and less with
patients who underwent gross total or near-total resection
than with those who underwent subtotal resection (OR
0.11, P=.02) (Table 2).

aonpoeid

ABojoouQ-oinaN




Ghazwani et al. Hearing loss in pediatric posterior fossa low-grade glioma

Table2 Estimates with odds ratios for risk factors associated with hearing loss

Analysis of maximum likelihood estimates

Parameter Estimate Standard error Pvalue Odds ratio 95% Cl lower limit ~ 95% Cl upper limit
Intercept -1.3015 0.4851 .0073 0.272
Sex (female vs male) -1.1738 0.7132 .0998 0.3092 0.07641 1.2511
Race (black vs white) 1.9892 0.7380 .0070 7.3100 1.7209 31.0500
Extent of surgical resection
Biopsy/cyst vs STR —-0.7443 0.7748 .3367 0.4751 0.1041 2.1690
GTR/NTR vs STR -2.2413 0.9387 .0170 0.1063 0.01689 0.6693
Biopsy/cyst vs GTR/NTR 1.4971 0.9693 .1225 4.4685 0.6685 29.8704

Cl, confidence interval; STR, subtotal resection; GTR, gross total resection; NTR, near-total resection (at least 90% resected); cyst, cyst aspiration.

I
Discussion

Although patients with posterior fossa low-grade glioma
have excellent survival rates, they may develop UHL after
undergoing surgery but before receiving ototoxic therapy,
and this deficit may be missed if the hearing of the patient
is not tested for many years. Audiologic evaluations are
routinely performed on patients receiving radiation ther-
apy or ototoxic chemotherapy, but they are not routinely
performed before or after surgery alone. Hearing loss has
been reported after surgery in patients with cerebellopon-
tine angle tumors involving CN VIII,%® but reports of hear-
ing loss in patients with other posterior fossa tumors after
surgery are rarely cited.?”?>32To our knowledge, this is the
first report of a large cohort of pediatric patients with pos-
terior fossa low-grade glioma, and we have shown that
some of these patients are at risk for profound UHL based
on their race and the extent of surgical resection of their
tumor if surgery is the primary treatment, even before they
receive ototoxic chemotherapy or radiation therapy.

The 13.0% prevalence of UHL in our study is similar to
that found in other, broader cancer studies. Turner et al.
described hearing loss as a late effect in survivors of cor-
tical and cerebellar low-grade glioma who were treated
with surgery alone, although it was found in less than
5% of their patients at last follow-up.?’” Swiss researchers
reported that long-term auditory complications in 10% of
childhood cancer survivors were associated with platinum
compounds, radiation therapy, and brain surgery (OR 2.2,
P =.001),% as compared to 5% in a United States study of
childhood cancer survivors.?” One of our patients in whom
profound UHL was diagnosed postoperatively experienced
progressive improvement in this hearing, as measured at
follow-up assessments, until almost normal function was
restored, but this phenomenon is rare, and the only previ-
ous cases of such improvement after surgery might have
been related to a decrease in mass effect over time.3®

UHL was found in 4 of our patients with tumors involv-
ing the cerebellopontine angle and in 1 patient with a
tumor involving the internal auditory canal. Knowing that
the location of surgically treated posterior fossa tumors
is related to hearing loss, eg, whether the tumor is in the

cerebellopontine angle or cerebellum with or without
involvement of the internal acoustic canal,?%333438-43 e
omitted these patients from our analysis regarding tumor
location and still did not find tumor location to be a statis-
tically significant risk factor for UHL in patients with pos-
terior fossa low-grade glioma. In contrast, one study of
long-term survivors of low-grade glioma showed the surgi-
cally treated cerebellar tumors to be associated with more
severe hearing loss when compared to tumors located in
the central midline or brainstem.3® We did not find tumor
histology or BRAF fusion or BRAF'80%E mutation status to
be significant risk factors for UHL. In one study, however,
hearing loss did vary according to tumor histology and
was significantly worse in patients who had undergone
resection of vestibular schwannomas than in those who
had undergone resection of meningiomas in the cerebel-
lopontine angle.*?

Surgical damage to CN VIIIl may occur during surgery
as a result of the vascular compromise of structures sur-
rounding the nerve or of the nerve itself, or as a result of
mechanical injury caused by stretching, compression, dis-
section, or heat injury. Depending on the approach used
during temporal bone drilling, the cochlea can also be sig-
nificantly damaged, as can the internal auditory nerve and/
or internal auditory artery. Given the limited number of
operative reports available for review and the small num-
ber of patients with UHL in our study, we were unable to
assess fully the surgical approach as a risk factor. However,
researchers have recommended the middle cranial fossa
and retrosigmoid approaches as the best options for avoid-
ing hearing loss.*344

We found that patients with posterior fossa low-grade
glioma had a lower risk of UHL after undergoing gross
total or near-total resection than after undergoing subtotal
resection.There may be some referral bias at our institution
regarding the extent of resection, given that we used retro-
spective data from patients of whom only a limited num-
ber actually had surgery at our institution. The extent of
resection may be predicted by neurosurgeons with the aid
of diffusion tensor imaging (DTI) tractography. Exophytic
tumors with intact fascicles on DTl are more amenable to
gross total resection, whereas tumors infiltrating or dis-
placing the fascicles on DTl have a lower probability of



Ghazwani et al. Hearing loss in pediatric posterior fossa low-grade glioma

total resection and are more likely to be biopsied.*® Further
reductions in CN VIl damage may be achieved with newer
methods of intraoperative monitoring by using the brain-
stem auditory evoked potentials, electrocochleography,
and compound nerve action potentials of the cochlear
nerve.*® Intraoperative monitoring of CN VIIl had not been
used with any of our patients.

We found no statistical correlation between VPS place-
ment and UHL. This is consistent with the findings of the
Swiss Childhood Cancer Survivor Study,’® despite mul-
tiple studies showing an associated risk of rapid changes in
intracranial pressure as a result of hydrocephalus or shunt-
ing affecting cochlear physiology, which may cause hear-
ing loss.?647-%4 However, as we lack detailed information on
changes in intracranial pressure, we may be underestimat-
ing their impact.

In addition to the extent of surgical resection,
we found race to be a significant risk factor for UHL
in patients who had undergone surgery for poster-
ior fossa low-grade glioma. Black patients with such
tumors had a higher risk of UHL than did patients of
other ethnicities, which is consistent with reports
of black children having a prevalence of UHL that is
higher than that in the general population.5® Although
not statistically significant, there was a trend in our
study for female patients to be less likely than male
patients to have UHL. It has even been reported spe-
cifically that black boys have a higher prevalence
compared with other groups in the general popula-
tion of individuals with hearing loss.%® In adults, men,
non-Hispanic whites, and non-Hispanic Asians have a
higher prevalence of hearing loss when compared to
other groups.®” However, a study of adolescents found
no difference between ethnic groups, whereas female
patients were less likely than male patients to have
hearing loss.%®

Although we found race and extent of resection to be
potential risk factors for UHL, this was a retrospective
study, and the sample size for patients with UHL was lim-
ited. Furthermore, as baseline preoperative hearing-test
results were not available for all patients, pre-existing
hearing loss could not be ruled out completely, and host
institutional referral patterns might have affected the out-
comes. Neurocognitive data became available for many
of our patients at long-term follow-up; however, we could
not adequately assess in a retrospective manner the
impact of UHL alone on long-term neurocognitive, edu-
cational, or quality-of-life outcomes because many of the
patients had subsequently received ototoxic therapies in
response to recurrences. Nevertheless, UHL in children
and adolescents is associated with negative effects on
speech, language development, and school performance,
along with a trend toward worse cognitive scores, and
individuals may have poorer self-perceived quality of
life.5%-81 These deficits may be related to impaired sound
localization and binaural summation making receptive lis-
tening difficult in the presence of background noise.®'-63
Studies suggest that earlier intervention in children with
UHL is beneficial because younger children derive bet-
ter bilateral benefit from sound localization with hearing

aids than do adolescents, who actually experience bilat-
eral interference from sound localization with hearing
aids in place.®* Early detection and intervention with
speech therapy or individualized education plans may
improve oral language and verbal 1Q scores over time.
Aural rehabilitation of patients with UHL can be achieved
with CROS hearing aids, bone conduction implants, or
cochlear implants, which several of our patients required;
these devices may improve speech recognition in both
quiet and noisy conditions.?5%8 Qur results suggest the
need for heightened awareness in the pediatric and
neurosurgical communities of the importance of post-
operative audiologic testing in posterior fossa low-grade
glioma patients treated with surgery alone. We have
also provided the basis for a prospective trial with pre-
operative, postoperative, and routine follow-up hear-
ing assessments, along with early aural intervention for
those with UHL, to assess the long-term neurocognitive,
educational, and quality-of-life outcomes.

I
Conclusion

Because pediatric patients with posterior fossa low-grade
glioma are at risk for UHL after undergoing surgery alone
and before receiving ototoxic therapy and because race
and the extent of surgery might be risk factors for UHL,
the astute clinician should order early routine hearing
testing for these patients before and after surgery and
implement early intervention with aural rehabilitation
where necessary. The early detection of postoperative
UHL may prompt the modification of adjuvant therapies to
reduce the risk of further hearing loss in the good ear, for
example, by avoiding platinum-based agents or reducing
radiation doses to the contralateral cochlea. Earlier detec-
tion and intervention may decrease the risk of adverse
outcomes. Future prospective clinical trials in patients
with posterior fossa low-grade glioma that include hear-
ing tests conducted before and after surgery and routine
follow-up hearing tests with auditory interventions may
help to assess the long-term neurocognitive outcomes,
speech development, educational attainment, and quality
of life in these patients.
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