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ABSTRACT

Medical interventions to combat serious infection ormalignancies
carry significant morbidities, including ototoxicity. While these lifesaving
drugs are often necessary to preserve life, the impact on quality of life for
survivors is increasingly concerning for families and healthcare providers.
Of primary importance for medical prescribers are appropriately sensitive
ototoxicity grading scales and audiological monitoring protocols for
surveillance for hearing loss. The intent of grading scales is to help
communicate complicated audiological information to non-audiologist
healthcareproviders (suchasoncologists) tohelp themmakegooddecisions
with regards to chemotherapydosing.Appropriate audiologicalmonitoring
helps reduce the time delay between the adventitious onset of hearing loss
and the diagnosis and intervention. Finally, pediatric ototoxicity grading
and monitoring protocols help ensure timely access to adequate hearing
habilitation, verification and validation of the management of permanent
medication-induced hearing loss and tinnitus in children.
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The ototoxicity literature, including
manuscripts in this special edition of Seminars
in Hearing, has provided numerous examples of
medications that carry side effects that include
damage to the cochlea and/or vestibular system.
With regard to ototoxicity in children, there are
specific examples that are most likely to be
observed clinically:

1. Newborns who are extremely premature
and/or carry life-threatening diagnoses and

require extensive medical interventions prior
to initial discharge home.

2. Children, of any age, who have been diag-
nosed with cancer and are being treated with
chemotherapy and/or radiation.

3. Children, of any age, who have a condition
that makes them highly vulnerable to oppor-
tunistic infections, and require medications
to combat the infection while balancing the
risk for sensorineural hearing loss and asso-
ciated detriment in quality of life.
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Each of these populations have unique
needs, but there are similarities that offer the
clinical audiologist opportunities to establish
protocols that aid in providing consistent results
in diagnostic tests and in providing timely,
effective audiological management. This
manuscript reviews the pertinent pediatric oto-
toxicity literature and describes recent decisions
made by consensus bodies to establish universal
ototoxicity grading systems and minimum
audiological test batteries.

Hearing loss due to medications is almost
always sensorineural and bilateral and symmet-
ric, due to the nature of the delivery of the drug
(systemic, via intravenous or oral administra-
tion). Hearing is initially affected in the high
frequencies and progresses to lower frequencies
with increasing duration and dose of the medi-
cation.1–3 Most ototoxic medications affect the
outer hair cells within the cochlea first,4 resul-
ting in a loss of audibility of soft sounds and
possibly reducing frequency discrimination abi-
lity. Compared with adults and adolescents,
prelingual and primary-school-aged children
require greater audibility for speech recognition
and comprehension. Children with prelingual
onset of hearing loss have reduced ability to
eavesdrop on spoken-language models, and
consequently are at risk for speech and language
delays, given that incidental learning from
eavesdropping on spoken-language models
(e.g., parents) is a primary mode of language
development. Young children do not have the
language base for auditory closure when there
are gaps in comprehending the spoken lang-
uage.5 Evenminimal or high-frequency hearing
loss can interfere with speech and language
acquisition in younger children,6 and is asso-
ciated with poor academic performance in
school-aged children.7 It is in light of the

developing knowledge of the impact of minimal
and high-frequency hearing loss on language
development, academic achievement, and qua-
lity of life in children that ototoxicity monito-
ring protocols and ototoxicity grading criteria
have steadily become stricter8 since the first
ototoxicity grading scale was introduced by
Brock and colleagues in 1991.9

REVIEW
Clinical protocols are adopted by academic
consortia and by professional societies to help
clarify standard of care. Oncologists, and those
involved in care for people with cancer, have
robust cancer therapy evaluation programs,
administered by the National Cancer Institute
(NCI). With respect to adverse events stem-
ming from cancer therapies (such as diarrhea,
hair loss, or hearing loss), the degree of severity
is described in Grade 1, 2, 3, 4, or 5; Grade 1 is
the least severe, and 5 is death (NCI Common
Terminology Criteria for Adverse Events [NCI
CTCAE] v5.0).10 There are 837 categories of
adverse events in CTCAE v5.0, with hearing
impaired and tinnitus representing 2 of these
837 categories. Not all adverse events have
representation at all grades; for instance, hair
loss is categorized as Grade 1 (<50% loss) or
Grade 2 (�50% loss). According to the most
recent version of the NCI CTCAE (version
5.0), hearing loss is graded differently for
children versus adults, on a scale of Grade 1
to Grade 4. There is no Grade 5 hearing loss, as
death is not considered a possible outcome from
hearing loss. In children, Grades 1 to 4 are
defined in Table 1.

Notwithstanding the mismatch in Grade
4’s indication for cochlear implant when
the degree of hearing loss is nowhere near

Table 1 NCI CTCAE v5.0 Ototoxicity Grading Scale

Grade 1 Threshold shift >20 dB HL (i.e., 25 dB HL or greater); SNHL above 4 kHz (i.e., 6 or 8 kHz) in at

least one ear

Grade 2 Threshold shift >20 dB at 4 kHz in at least one ear

Grade 3 HL sufficient to indicate therapeutic intervention, including hearing aids; threshold shift >20 dB at

2 to < 4 kHz in at least one ear

Grade 4 Audiologic indication for cochlear implant; > 40 dB HL (i.e., 45 dB HL or more); SNHL at 2 kHz

and above

Abbreviations: HL, hearing loss; SNHL, sensorineural hearing loss.
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cochlear implant audiological candidacy, the
reader can appreciate that the increasing grade
of adverse event correlates with increasing
severity and need for clinical intervention.

Thus, physicians (particularly oncologists)
are familiar with and rely on grading scales for
severity of a condition stemming from medical
therapy, and understandably need clear defini-
tions of severity. This reliance on grading scales
carries the stark reality that decisions related to
whether or not to continue with chemotherapy
may hinge on whether or not an adverse event
reaches Grade 2 versus Grade 3 in severity.
Cancer therapy protocols advise the oncologist
to consider reducing the dose of (or elimina-
ting) of an ototoxic chemotherapy if a patient is
documented to have increasingly severe adverse
events (such as having aGrade 3 hearing loss).11

Reduction in chemotherapy may jeopardize
treatment efficacy; that is, the oncologist risks
the child’s life to lessen the risk for hearing loss
from chemotherapy.

Risk of hearing loss from increasing cumu-
lative dose of ototoxic medications extends
beyond chemotherapy. Many bacterial infec-
tions (including tuberculosis, sepsis in new-
borns, pulmonary infections stemming from
cystic fibrosis, and infections secondary to heart
conditions) are treated with aminoglycoside
antibiotics.12,13 Aminoglycosides may be used
to treat acute disease, or may be used as
prophylaxis against opportunistic infections;
they are widely used around the world, are
inexpensive, and highly effective at treating a
wide range of gram-negative bacteria.13 With
increasing cumulative dose of aminoglycoside
antibiotics, risk of hearing loss increases. Ami-
noglycoside ototoxicity may be amplified by
coadministration of other potentially ototoxic
agents, such as platinum-based chemotherapy,
loop-inhibiting diuretics, vancomycin, and
noise exposure.12,14,15 The prescribing physi-
cian faces a dilemma analogous to the oncolo-
gist: increase cumulative dose of the medication
and increase likelihood of survival, at the risk of
inflicting life-long, life-altering disability.

The audiologist may find himself or herself
in a self-contradictory position with regard to
advising the prescribing physician. The audio-
logist’s principal role in the care of a patient
receiving ototoxic medications is to provide data

to the managing physician in the form of audio-
logical data (audiogram, auditory brainstem
response [ABR] threshold measures, or tinnitus
survey results). Concurrent but secondary roles
for the audiologist include anticipating audio-
logical interventions (hearing aids, assistive lis-
tening devices, tinnitus therapy) and counseling
the patient and/or family of the likelihood of a
hearing loss, and what can be done to ameliorate
the negative consequences of hearing loss and
tinnitus.

The audiologist’s contradictory position
may be one of advocating for minimizing the
risk for hearing loss (such as alerting the physi-
cian of a significant decrease in hearing relative
to the last audiogram), while at the same time
promoting the success of well-fitted, objectively
verified hearing aids. To the audiologist, a
CTCAE v5.0 Grade 3 hearing loss is typically
not a clinical challenge. Mitigating the negative
consequences of sensorineural hearing loss is
fundamental to the audiologist’s role, with care-
fully documented clinical practice guidelines16

and seminal studies in the scientific literature
supporting the efficacy of audiological treat-
ment.17 Receiver-in-the-ear/receiver-in-the-
canal behind-the-ear hearing aids can very effec-
tively provide access to fricatives, morphemes,
and other subtle acoustic cues of speech, while
managing the occlusion effect, in children with
normal hearing in the lower speech frequencies
and a high-frequency hearing loss. Custom
earmolds can be adequately vented to allow
access to low-frequency ambient sound and
mitigate occlusion, while still providing stability
in the ear and consistent performance.

Provision of remote microphone techno-
logy for use in classroom or other challenging
listening environments, with or without hearing
aids, can be very effective at providing a child
with hearing loss with equal access to classroom
instruction. The prescribing physician almost
certainly does not have the benefit of the per-
spective of the audiologist, that a hearing loss can
be managed, with good results.When outcomes
are successful, the hearing loss does not singu-
larly define the individual; it is one characteristic
of an otherwise complex person.

Numerous ototoxicitymonitoring protocols
have been published, but in the clinical setting,
uniformity is key. In children requiring

156 SEMINARS IN HEARING/VOLUME 40, NUMBER 2 2019

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



audiological monitoring, they may be ill and
have minimal ability to participate in behavioral
audiometry. Several ototoxicity monitoring pro-
tocols rely on a change in hearing from a baseline
audiogram.1While establishing baseline hearing
sensitivity is ideal, this is often not possible.
Other scales have subjectivity associated with
them (e.g., scales which classify a grade accor-
ding to need for hearing aids). Others (e.g.,
Brock’s scale) are not sufficiently sensitive to
early ototoxicity. The most recently proposed
international grading scale is the SIOP Boston
grading scale.1 It does not require baseline
audiogram, is sensitive to small changes in
high-frequency hearing, is relevant to reduced
audibility of important speech sounds, and
requires very few frequencies to successfully
assign an adverse event grade. The SIOPBoston
grading scale is shown in Table 2.

While an easily applied grading system is
important in the clinical setting, it is also impera-
tive for research into improved outcomes. Exten-
sive work in otoprotectant agents to reduce
occurrence and severity of chemotherapy-induced
hearing loss (and noise-induced hearing loss) has
been underway for decades.18 To compare across
multiple clinical trial sites, and across multiple
studies, outcomes must be uniform. If a safe and
effective otoprotective agent could be identified,
oncologists may be able to treat the cancer more
aggressively without hearing loss consequences.

Determining factors that influence an indi-
vidual’s risk for hearing loss from an ototoxic
agent can require large numbers of research
subjects, as there is wide variability in suscepti-
bility across the population. Sixty percent of
children treatedwith platinum-based chemothe-
rapy have sensorineural hearing loss,1 but what
are the factors that cause a person tobe in the40%
who does not have hearing loss following treat-
ment? Individual clinics may not have a large
enough number of patients to provide an appro-
priate sample size, so multisite studies are some-
times necessary to tease out subtle results.
Outcome measures must be standardized across
study sites. When specific risk factors for ototo-
xicity are identified, patients (and families) can be
appropriately counseled in advance of the onset
of hearing loss, which can improve the timeliness
of hearing loss diagnosis, and lessen the emotio-
nal impact of the hearing loss diagnosis.19

Table 2 SIOP Boston Ototoxicity Grading
Scale

Grade 0 � 20 dB HL at all frequencies

Grade 1 > 20 dB HL (i.e., 25 dB HL or greater)

SNHL above 4,000 Hz (i.e., 6 or 8 kHz)

Grade 2 > 20 dB HL SNHL at 4,000 Hz and above

Grade 3 > 20 dB HL SNHL at 2,000 Hz or

3,000 Hz and above

Grade 4 > 40 dB HL (i.e., 45 dB HL or more)

SNHL at 2,000 Hz and above

Abbreviations: HL, hearing loss; SNHL, sensorineural
hearing loss.

Figure 1 SIOP Boston minimum test battery. This test battery requires only two to three frequencies to
apply the SIOP Boston grading scale to the patient’s audiogram.
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Figure 2 (A) SIOP Boston Grade 0. According to the minimum test battery, 4,000 Hz is tested first (denoted
“1”) and with hearing threshold � 20 dB HL, 8,000 Hz is tested second (denoted “2). With 8,000 Hz � 20 dB
HL, testing is done. (B) SIOP Boston Grade 1. According to the minimum test battery, 4,000 Hz is tested first
(denoted “1”) and with hearing threshold � 20 dB HL, 8,000 Hz is tested second (denoted “2). With
8,000 Hz > 20 dB HL, 6,000 Hz is tested third (denoted “3”). (C) SIOP Boston Grade 2. According to the
minimum test battery, 4,000 Hz is tested first (denoted “1”) and with hearing threshold > 20 dB HL,
2,000 Hz is tested second (denoted “2). With 2,000 Hz � 20 dB HL, 3,000 Hz is tested third (denoted “3”).
(D) SIOP Boston Grade 3. According to the minimum test battery, 4,000 Hz is tested first (denoted “1”) and
with hearing threshold > 20 dB HL, 2,000 Hz is tested second (denoted “2). With 2,000 Hz � 20 dB HL,
3,000 Hz is tested third (denoted “3”). (E) SIOP Boston Grade 4. According to the minimum test battery,
4,000 Hz is tested first (denoted “1”) and with hearing threshold > 20 dB HL, 2,000 Hz is tested second
(denoted “2). With 2,000 Hz > 20 dB HL, 1,000 Hz is tested third (denoted “3”).
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APPLICATION
To successfully apply a grading scale, an ade-
quate number of frequencies must be tested and
threshold of hearing sensitivity documented.
The SIOP Boston panel of experts recommen-
ded a minimum test battery to assist the clinical
audiologist in prioritizing order of frequencies
to test to successfully apply the SIOP Boston
grading scale.1 This minimum test battery is not
intended to replace full diagnostic audiological
assessment. Rather, this minimum test battery
recognizes the challenge of engaging a sick
child in behavioral audiometry. The minimum
test battery is shown in Fig. 1.

Fig. 2(A–E) reflects possible hearing out-
comes of children treated with platinum-based
chemotherapy. SIOP Boston Grades 0 to 4 are
reflected in the greater degrees of hearing loss,
and none require more than three frequencies to
be tested.

Additional Tests of Auditory Function

Currently, efforts are underway to validate the
SIOP Boston Scale, and to compare the effecti-
veness of this scale against previous ototoxicity
grading scales and other measures of auditory
function.20 While ABR evoked potential thres-
hold measures, distortion product otoacoustic
emissions (DPOAEs), and extended high-fre-
quency (EHF) audiometry show potential for
greater sensitivity to detecting early ototoxicity,
their inclusion in ototoxicity test batteries is of
limitedbenefit for the sake of grading anototoxic
hearing loss andproviding themedical teamwith
necessary data to make treatment recommenda-
tions. Currently, these measures are adjunct to
the conventional audiogram, and cannot be used
instead of behavioral audiometry20 (with the
potential exception of ABR, when necessary).

ABR evoked potential threshold measures
have been used in lieu of behavioral audiometry
in children too ill or too young to provide an
audiogram. While objective test measures are
standard in pediatric audiology, use of ABR
thresholds has not yet been validated for use in
chemotherapy protocols.21 Click-evoked ABR
is not frequency specific enough to detect dif-
ferences in SIOP Boston Grade 0 versus Grade
1, and cannot detect differences between Grade
2 and Grade 3. Click-ABR should be able to

consistently detect the difference between
Grade 0 and Grade 4. Tone-burst ABR (e.g.,
1,000, 2,000, and 4,000 Hz tone-burst) should
be able to consistently detect the difference
between Grades 0, Grade 2, and Grade 4.
Audiologists are advised to use best clinical
decisionmaking, and communicate to the refer-
ring physician the limitations of the testing
method. For instance, it is unlikely that com-
mercially available tone-burst ABR using hig-
her frequency tone-bursts (e.g., 8,000 Hz signal
applied to the insert earphone) actually tests
frequencies above 4,000 Hz.22,23

DPOAEs have the potential to detect
changes in cochlear function before a threshold
shift is observed on the pure-tone audiogram.24

DPOAEs have been shown to be efficacious at
showing chemotherapy-induced cochlear chan-
ges.24,25 However, as with ABR evoked poten-
tial threshold measures, chemotherapy
protocols have not yet validated the use of
DPOAEs for the sake of applying a grading
scale. For instance, if DPOAEs show a signifi-
cant shift in OAE amplitude, what should the
oncologist do with this information? What is
the functional effect on the patient’s hearing
ability? Lacking answers to these questions, the
use of DPOAEs in ototoxicity grading is moot.
The clinical audiologist is advised to use best
practice and include all appropriate audiometric
test results, but currently, DPOAEs cannot be
used in place of pure-tone audiometry.

EHF audiometry is more sensitive to early
ototoxicity than conventional audiometry.24,26

Given that ototoxic medications lesion the coch-
lea from the base (high-frequency tuned region)
to the apex (low-frequency tuned region), it
would logically follow that EHF audiometry
will detect ototoxic changes earlier than conven-
tional audiometry. However, EHF is best applied
by comparing the individual’s baseline to serial
audiograms. As a matter of practicality, EHF
audiometric equipment is not consistently avai-
lable in audiology clinics.

Absent from most reviews of ototoxicity,
and most ototoxicity grading scales, is the
diagnosis and management of tinnitus. It has
been estimated that 40% of patients receiving
chemotherapy develop tinnitus.21 This auditory
condition is not so easily documented for sever-
ity as a pure-tone threshold shift on an
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audiogram, but patients with tinnitus and hea-
ring loss often describe the tinnitus as having a
more significant impact on quality of life.27

The NCI CTCAE v5.0 is one grading
scale that does include tinnitus as an adverse
event associated with chemotherapy ototoxi-
city,10 and defines it according to Grade 1:
“mild symptoms, interventions not indicated”;
Grade 2: “moderate symptoms, limiting instru-
mental activities of daily life [ADL]”; and
Grade 3: “severe symptoms, limiting self-care
ADL.” While it is encouraging that tinnitus
appears on a grading scale for chemotherapy
adverse events, the grading is highly subjective,
and does not consider that more severe tinnitus
could exist (e.g., Grade 4 or 5). Included in
several validated tinnitus severity inventories
are questions related to suicidal thought or
ideation,28 and patients with comorbid depres-
sion and tinnitus have taken their own life.

The most recent and widely used tinnitus
inventory is the tinnitus functional index (TFI).29

This self-administered survey was written with
adults as the target audience, but wording can be
adjusted to reflect a child’s experience (for ins-
tance, exchangingwords “work or other tasks” for
“school work or homework”).30 A child or ado-
lescent’s reaction to his or her tinnitus is often
similar to an adult, in that the tinnitus interferes
with sleep and concentration, and those with
more severe reactions find it interferes with their
ability to relax or cope with daily life. The TFI
was designed to categorize severity of tinnitus
(from no problem to very severe, requiring spe-
cialized intervention), and to document response
to therapy. Future adverse events in ototoxicity
grading scales specific to drug-induced tinnitus
should include validation of the TFI as a starting
point for assessing severity of tinnitus.

CONCLUSIONS
Audiologists provide a vital service to the refer-
ring physician, but one that is quite limited in
scope, relative to the breadth of the physician’s
focus. With 837 categories of adverse events in
the NCI CTCAE v5.0, it is understandable
that simple, clearly defined grades of severity are
necessary for any one category. While sensori-
neural hearing loss is a complex condition
requiring careful diagnosis and management,

it is necessary that the reporting of results be
brief and specific.

Pure-tone audiometry is challenged in
young children and in those who are ill, so a
minimum test battery has been proposed to
increase likelihood of successfully providing a
brief and specific result of the hearing test. A
complete audiological evaluation is indicated
when the child is well enough ormature enough
to engage in a longer test battery. Pure-tone
audiometry cannot yet be replaced with ABR
thresholds, DPOAEs, or EHF audiometry.
These diagnostic tools should be incorporated
into the test battery to supplement the conven-
tional pure-tone audiogram.

Quick identification of hearing loss, should it
occur, is facilitated by routine audiological moni-
toring. When hearing loss is likely, based on the
child’s diagnosis and specific treatment course,
the audiologist should reviewwith the family (and
child, as appropriate) the potential impact on
hearing and communication, and review audio-
logical treatment options. The referring physician
should be kept informed of the audiological
interventions, including hearing aids, educational
interventions, and tinnitus therapy.

The children who require administration
of ototoxic medications are among the most ill,
and families are often in a fragile state. The
audiologist can provide guidance for this extre-
mely important area of the child’s development,
and when an adverse event occurs, happily
effective treatments are available.
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