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For many years, audiology patients with gradual onset senso-
rineural hearing loss have been informed that their hearing
loss is permanent due to irreversible damage to their cochlear
hair-cells, which are essential sensory structures of the inner
ear.1–3 To help compensate for this permanent sensory deficit,
patients are offeredamplification technologiessuchashearing
aids.Whilehearingaidscanamplify soundssuchasspeechand
other informative environmental stimuli, they do not restore
the impaired physiology of the inner ear. As a result, patients
with sensorineural hearing loss who use hearing aids often
report continueddifficulty understanding speech, particularly
innoisyenvironmentswhere current amplificationprocessing
strategies fail to reduce ambient noise to an extent that
optimizes speech processing.4

To restore normal hearing function to patients with signifi-
cant sensorineural hearing loss, the root cause of the hearing
lossmust be addressed directly. Inmost cases, theprimary site
of lesion is the auditory hair-cell and nearby structures.5

Interestingly, although hair-cell damage is permanent in
mammalian cochleae, nonmammalian vertebrates such as

birds regenerate hair-cells and thereby restore hearing func-
tion.6–10 This review focuses on the historical perspectives of
the discovery of hair-cell regeneration and the field of study
that originated from this significant finding.

Microanatomy of the Inner Ear:
Pathophysiology of Sensorineural Hearing
Loss

The hearing organ of the inner ear, the cochlea, is a fluid-filled
coiled structure (►Supplementary Fig. S1A) that contains the
sensory epithelium called the organ of Corti
(►Supplementary Fig. S1B, C). The microanatomy of a nor-
mally functioning cochlea differs from that of patients with
overt sensorineural hearing loss due to changes in many
structures, but most notably hair-cells.3 Normal sensory epi-
thelium contains neatly arranged rows of hair-cells along the
length of the cochlea, with precisely organized stereocilia
sitting atop each hair-cell body (►Supplementary Fig. S1D).
The arrangement of these stereocilia in a consistent direction
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Abstract Damage to auditory hair-cells is a key feature of sensorineural hearing loss due to aging, noise
exposure, or ototoxic drugs. Though hair-cell loss is permanent in humans, research in bird
species led to the discovery that analogous hair-cells of the avian basilar papilla are able to
regenerate after being damaged by ototoxic agents. Regeneration appears to occur through
a combination of the mitotic expansion of a precursor population of supporting cells and
direct transdifferentiation of supporting cells into functioning hair-cells. This review will
synthesize the relevant anatomy and pathophysiology of sensorineural hearing loss, the
historical observations that led to the genesis of the hair-cell regeneration field, and
perspectives on initial human hair-cell regeneration trials.
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ensures the population of hair-cells has consistent mechano-
sensory transduction throughout the auditory organ as the
cells convert the small mechanical movements of the stereo-
cilia into a series of downstream signals, thereby propagating
the information further along the auditory pathway.11

Stereocilia trigger a series of distinct processes in inner
and outer hair-cells, which act together to support proper
representation of sound by the inner ear and transmission of
that information to the auditory pathways in the brain. The
motility of the outer hair-cell allows for precise magnifica-
tion of the local signal to the inner hair-cell, which supports
greater frequency tuning and dynamic range compres-
sion.12–14 Meanwhile, the inner hair-cell is responsible for
relaying this amplified and tuned signal to the ascending
auditory pathway.15

Aging, noise exposure, ototoxicmedications, and a variety
of genetic and acquired conditions can all lead to hair-cell
damage. Damage to mammalian hair-cells results in reorga-
nization of the auditory epithelium to remove the hair-cell
from the surface of the epithelium.16 Severe damage results
in a dead region lacking any sensory structures17; in some
cases, the auditory epithelium could be reduced to a rela-
tively flat dedifferentiated structure devoid of hair-cells or
any differentiated supporting cells.18,19

Noise exposure affects many aspects of the sensory
epithelium, from the tips of the stereocilia20,21 to the sup-
porting cells that sit atop the basilar membrane. As noise
exposure does not selectively or uniformly affect the audito-
ry epithelium,many studies of hair-cell regeneration employ
ototoxic agents to improve the specificity and consistency of
their findings.22–25

Seminal Discoveries in Hair-Cell
Regeneration and Development of Avian
Models

Efforts to study hair-cell development, damage, and death
were consistently underway by the 1980s. During that peri-
od, embryologic development in model organisms was uti-
lized to characterize the gross morphological changes that
occur during maturation, as well as the development of the
tonotopic organization of the auditory epithelium.26–30

Model organisms offered certain advantages over study-
ing human physiology directly while taking advantage of
some traits that are conserved between species, such as the
aforementioned tonotopic organization of the auditory epi-
thelium. This tonotopy is conserved in the avian basilar
papilla, a structure that is generally flat (►Supplementary

Fig. S2A) when compared with the spiraled mammalian
cochlea (►Supplementary Fig. S1A), allowing researchers
to more quickly process and image their findings. However,
there are notable differences in the overall organization of
the avian auditory epithelium, such as the regular interdigi-
tation of generally undifferentiated supporting cells between
each hair-cell (►Supplementary Fig. S2B), as well as the
distribution of hair-cells across the entire epithelium,
appearing as a field of hair-cells (►Supplementary

Fig. S2C) instead of the distinct rows of hair-cells found in

themammalian organ of Corti (►Supplementary Fig. S1C, D).
Despite these differences, the causes and apparent mecha-
nisms of hair-cell damage and death in the mammalian
cochlea are considered comparable to that of the avian
basilar papilla, and therefore, the basilar papilla was the
preferred choice for studies of frequency specificity of noise
damage and the location of damage along the length of the
epithelium.

Similar to the mammalian organ of Corti, the avian
basilar papilla has two populations of hair-cells: short
hair-cells and tall hair-cells (►Supplementary Fig. S2B).
Tall hair-cells are similar to the inner hair-cells, while short
hair-cells are considered to be most like the outer hair-cell
population of the organ of Corti.31 Outer hair-cells are well
known to be responsible for the active mechanism fre-
quently referred to as the cochlear amplifier, due to somatic
electromotility, in which the cell body shortens its length to
increase frequency selectivity.14 Meanwhile, short hair-cells
of the avian basilar papilla appear to exhibit both active hair
bundle movements along with somatic electromotility32,33

to start approaching this goal. Similar to outer hair-cells,
which are more sensitive to damage than inner hair-cells,
short hair-cells also exhibit greater sensitivity to damage
relative to their tall counterparts.34 Patterns of damage can
vary depending on the type of treatment applied to the
organ, with differential susceptibility across mammalian
and avian species.

Avian Hair-Cells Exhibit a Unique Ability to Regenerate
While studying the process of hair-cell damage to the audi-
tory epithelium of the chicken, researchers discovered a
totally unexpected phenomenon. A fewweeks after auditory
hair-cells were damaged in the mature avian hearing organ,
several healthy-looking cells began to appear in the region of
damage. On closer examination, these cells appeared consis-
tent with newly developing hair-cells.35,36 Subsequent stud-
ies confirmed that these were indeed new hair-cells which
had regenerated after the original hair-cells were
damaged.37,38

This groundbreaking finding would challenge a decades-
old assumption in auditory neuroscience, calling into doubt
the dogma that hair-cells cannot differentiate de novo after
damage to awarm-blooded vertebrate’s cochlea, and support-
ing the idea that regeneration of hair-cells could be possible
under theproper conditions. This spurredanentirelynewfield
of investigation into the regeneration of hair-cells in the
nonmammalian inner ear, in thehope thatoneday researchers
could translate those findings to the mammalian ear to treat
sensorineural hearing loss.

Avian Hair-Cells Regain Function after Damage,
Restoring Auditory Sensitivity after Regeneration
The finding that hair-cells regenerate in adult avian species
led to many follow-up studies on the consequences of hair-
cell damage and subsequent regeneration as assessed
through electrophysiological and behavioral measures. As
in mammals, the avian basilar papilla produces otoacoustic
emissions (OAEs) and auditory brainstem responses (ABRs).
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OAEs are often lower in baseline magnitude in nonmamma-
lian vertebrates when compared with normal hearing mam-
mals,39 which may be a consequence of the underlying
electromotility differences between outer hair-cells of the
mammal and short hair-cells of the nonmammal. Despite
these differences, OAEs are lost after hair-cell damage and
generally restored after hair-cells regenerate,40 following the
trend of other measures.

ABRs assess the functional status of the ear and the auditory
neural pathway by referencing well-defined properties of the
ABR for a given species. As these objective measures require no
behavioral training, they are often used in animal studies to
assess outcomes of hair-cell damage and regeneration in the
avian basilar papilla. Therefore, ABRs are particularly useful
when examining hearing threshold changes and growth func-
tions throughout the period of hair-cell damage and subsequent
hair-cell regeneration, anda largenumberof studieshaveshown
thresholds worsen after damage and are restored to normal or
near-normal levels after regeneration occurs.9,10,41,42 While
these objectivemeasures can be used toverify hair-cell function
similar to audiology patient populations (particularly for pedi-
atric visits), the presence of OAEs and ABRs may not guarantee
normal hearing for an individual as it does not capture central
auditory perception. Behavioralmeasures are required to better
assess how an individual’s hearing truly functions.

Behavioral studies of animals are challenging due to the
extensive training needed to ensure the animal will be able to
reliably complete a task. Despite these challenges, early pio-
neers of hair-cell regeneration studies trained animals to
complete behavioral protocols to better understand how
hair-cell regeneration affects hearing perception beyond that
which is measured by standard histologic and electrophysio-
logic methods. The budgerigar, a small Australian parrot, was
investigated as a model system due to the ability to test the
perceptual consequences of hair-cell damage and regeneration
byanalyzing thebird’s ability to respond tonatural or synthetic
contactcalls.Whenhair-cellsaredamaged, auditory thresholds
are elevated and the ability to accurately classify bird calls is
impaired,7which is similar to the clinical finding that elevated
thresholds may be found in a patient with sensorineural
hearing loss and an inability to accurately recognize words or
phonemes. Vocal production can also be affected when birds
are deafened, as the Bengalese finch demonstrates a degrada-
tion in song quality after deafening because auditory feedback
is required for maintenance of the stable adult song.43

While thresholds are restored 8 weeks after damage,
when hair-cell regeneration is well underway, the ability
to classify bird calls requires extended time after hair-cell
regeneration to be restored to normal.7 Similarly, the Ben-
galese finch follows a similar time course to regenerate hair-
cells, with song quality significantly improved but not
completely restored to normal by 8 weeks after damage.43

These results indicate that, although auditory thresholds are
essentially restored 8 weeks after many hair-cells were
regenerated, more time is necessary for central processing
to return and for normal hearing perception and associated
behaviors to be restored in the avian model. If the same
process is required for audiology patients who undergo hair-

cell regeneration trials, more time will be needed after hair-
cells regenerate to allow for central auditory processing to be
fully restored to normal.

Hair-Cell Regeneration Improves Pure-Tone
Thresholds in Animals
An important initial area of research was the effect of hair-
cell regeneration on pure-tone thresholds, the standard
approach to diagnose hearing loss for audiology patients.
Investigators trained European starlings to respond to pure
tones, and they were able to obtain thresholds from these
birds on a daily basis after exposing them to ototoxic drugs
that led to hair-cell loss.44 Pure-tone thresholds began to
recover soon after ototoxic drug administration was ceased
and continued to improve over the course of 50 days. Despite
the dramatic recovery in pure-tone thresholds, they did not
improve completely to baseline levels, with some thresholds
permanently shifted by 5 to 15 dB SPL between 4 and 6kHz
and a 25 dB shift at 7 kHz (thehighest trained frequency). The
stereocilia of the hair-cells in thehigh-frequency regionwere
misoriented, whichmay have contributed to this maintained
shift in pure-tone thresholds. Interestingly, subsequent re-
peated administration of aminoglycosides led to a
lesser degree of additional threshold shifts,44which suggests
that regenerated hair-cells could be less susceptible to oto-
toxic effects compared with the original hair-cells.

Although there is some degree of permanent hearing thresh-
old shift after damage to the auditory epithelium, hearing
restoration occurs prior to full maturation of the hair-cells,
starting as early as 1 week after damage. Most recovery in
pure-tone thresholds is observed by 4 weeks after damage,
although hair-cells continue to regenerate for up to 8weeks after
damage.10 Despite any lingering threshold shifts after damage,
temporal and spectral perception, along with the ability to
recognize and produce complex bird calls, appears to demon-
strate a return to normal after severe damage.8,43,45,46

As the naturally regenerative basilar papilla appears to
have some permanent damage at higher frequencies or when
extensive damage is sustained to supporting cell popula-
tions, these limitations are important to consider aswemove
toward mammalian hair-cell regeneration studies. The vast
majority of sensorineural hearing impairment due to noise
exposure or age-related hearing loss in humans is in the
high-frequency range, so this finding44 could explain ongo-
ing difficulty with regenerating structures in the high-fre-
quency ranges, which are critical to restore for audiology
patients who require better access to high-frequency speech
sounds. Despite these limitations, the ability to significantly
improve hearing for those with severe-to-profound hearing
loss offers potentially improved outcomes when compared
with that of traditional hearing aids or cochlear implants.

Uncovering Cellular Mechanisms that
can Drive Hair-Cell Regeneration

Initial efforts to determine the mechanism by which hair-
cells were regenerating in the avian model required the
identification of the precursor cell population. The pioneers
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in this field used a molecular tracing tool to label cells
undergoing mitotic division in the area near the hair-cells
after damage. They found supporting cells and hair-cells both
incorporated this tracing label during the regenerative phase
after damage, which suggested the supporting cells repre-
sent a progenitor cell population fromwhich newly generat-
ed hair-cells are derived.37,38 This major breakthrough
demonstrated that the supporting cells could be targeted
as a local native cell population from which replacement
hair-cells develop. Further, it demonstrated that supporting
cells undergo mitotic division (►Supplementary Fig. S3C),
which allows for replenishment of the supporting cell popu-
lation as well as regeneration of newly differentiated hair-
cells. Replenishment of the supporting cell population along
with hair-cells could help ensure the auditory epithelium
retains the proper mass and stiffness to restore frequency
selectivity along the length of the auditory epithelium.

Later studies47–49 would go on to demonstrate that sup-
porting cells can also directly change their morphology and
function into that of a hair-cell, a process referred to as direct
transdifferentiation (►Supplementary Fig. S3D). This pro-
cess begins shortly after hair-cell damage and results in the
production of newly differentiated hair-cells more quickly
than hair-cells produced by mitotic division. In addition,
predominant mechanisms of hair-cell regeneration differ
along thewidth of the basilar papilla; mitotic division occurs
more often in the neural region, whereas direct transdiffer-
entiation is more common in the abneural region.47

Just as short and tall hair-cells are regenerated in the avian
basilar papilla, regenerative therapy aims to yield both outer
and inner hair-cells in the proper regions of the regenerated
organ of Corti. However, the characteristic differences be-
tween the basilar papilla and the organ of Corti may present
a challenge to the process. Regenerating outer and inner hair-
cells will not only require precise placement of these cell
populations but also the restoration of the active mechanism
from the outer hair-cell population to yield greater sensitivity
than the inner hair-cells alone provide. The active mechanism
requires a complex series of cellular and subcellular behaviors
that are precisely timed in certain areas of the cochlea, which
relies on restoration of stereocilia in the proper alignment as
well as proper balance of mass and stiffness of the basilar
membrane, which is in turn affected by the number of cells
present in a certain region of the cochlea.

After the supporting cell population was identified as the
source of newly developing hair-cells, investigators turned
their attention to the molecular mechanisms controlling
these and other progenitor cells, such as stem cells, in hopes
that they could induce cells to differentiate into hair-cells in
the mammalian cochlea. While other articles in this issue
discuss more recent research related to the field of mamma-
lian hair-cell regeneration, understanding the early suc-
cesses and challenges in this field of research can be useful
to better understand potential treatment trajectories as we
move to human trials of hair-cell regeneration. A brief
introduction to early investigations of mammalian hair-cell
regeneration is included here as a bridge toward understand-
ing initial outcomes of human trials.

Bridging from Avian to Mammalian Hair-Cell
Regeneration
To begin studying mammalian hair-cell regeneration, audi-
tory neuroscientists first sought to understand how hair-
cells differentiate in newly developing mammalian auditory
epithelium. Traditionally, scientists manipulate an intrinsic
property of the tissue (e.g., through changing gene expres-
sion patterns) or an extrinsic property of the tissue (e.g.,
through changing the molecular environment) to evaluate
outcomes at a cellular level. For example, researchers can
introduce a treatment that forces expression of a particular
gene and/or increases the presence of a certain environmen-
tal molecule. After the treatment, the tissue is observed to
determine how that particular change affected the fate of a
cell (e.g., the transition from supporting cell to hair-cell).

While humans develop auditory hair-cells in utero and are
born equipped with a fully functioning set of hair-cells in each
cochlea, mice continue to develop and differentiate their audi-
tory epithelia immediately after birth during their postnatal
period. For in vivo studies (e.g., manipulating gene expression
withina liveanimal), thispostnatalperiodof themouseprovides
improved access for researchers to evaluate cellular outcomes of
the auditory epitheliumas themouse completes thefinal stages
of hair-cell differentiation. This postnatal development period
also allows for in vitro evaluation of the postnatal mouse
auditory epithelium; for these studies that take place outside
ofananimal’sbody, theanimal’s cochlear tissue is removed from
the temporal bone and placed into a tissue culture system that
follows a precise set of guidelines (e.g., the temperature of the
incubator, nutrients provided to the tissue) that allows contin-
ued cellular development outside of the animal’s body.

Researchers utilized each of these scientific approaches to
investigate postnatal differentiation of mammalian auditory
epithelium. Initial research led to the discovery that a single
gene (a homolog of the Drosophila gene atonal) was neces-
sary for in vivo development of hair-cells.50 Soon after this
finding, another team of researchers used an in vitro model
to show that the same gene is also sufficient to develop new
hair-cells.51 The combination of these two approaches estab-
lished the critical importance of this gene’s expression in the
developing auditory epithelium, and spurred numerous fol-
low-up studies to determinewhether the gene held the same
influence in the mature mammalian cochlea.52–58

Through this series of additional investigations, it became
increasingly apparent that the molecular and cellular envi-
ronments in which this single gene is expressed can modify
cell fate outcomes. Most notably, it seemed that the compel-
ling results obtained from treatments applied during the
early postnatal period start to decline in later postnatal
periods,55,56 and were not as robust in the adult organ of
Corti.53,54,57 Postnatal and adult cochlear tissues are charac-
teristically different in their gene expression patterns; ulti-
mately, these differences affect the ability for certain tissues
to differentiate new hair-cells when given only the introduc-
tion of this particular gene. As a result, later research began
to focus onwhich additional factors can bolster a treatment’s
efficacy in certain cellular environments, with specific inter-
est in the adult mammalian auditory epithelium.

Journal of the American Academy of Audiology © 2022. American Academy of Audiology. All rights reserved.

From Bench to Booth Lewis



Evaluating these early challenges in mammalian hair-cell
regeneration can help us speak to the timeline of possible
treatment in humans, an area that is under active investiga-
tion. With substantial achievements in the area of mamma-
lian hair-cell regeneration, there is a clear foundation to the
field that allows researchers to continue testing new
approaches and refining protocols to improve treatment
efficacy. Given the differences in the regenerative success
observed in postnatal auditory epithelia compared with
adult auditory epithelia, additional research in this field
will be needed to continue informing treatment plans for
human trials of hair-cell regeneration. However, lessons
learned from the mammalian literature can assist with
predicting the outcomes for human trials.

Perspectives on the First Human Hair-Cell
Regeneration Trials

Initial outcomes will likely be blunt measures of
improved hair-cell function, and refine with time and
experience
Audiology patients are currently informed that their sensori-
neural hearing loss is permanent and that hearing aids (or
cochlear implants) are their only management options.
Audiologists and their patients are increasingly interested in
the promiseof regenerative therapies. Clinicians and research-
ers alike can draw on previous experience with other newly
developed technologies, as well as hair-cell regeneration
insights derived from animal models, to inform expectations
for the trajectory of human hair-cell regenerative trials.

When considering potential outcomes for regenerative ther-
apy for auditory hair-cells, it is critical to note that an inner hair-
cell cannot properly function without the contributions of
neighboring outer hair-cells and related auditory structures,
including stereocilia, synapses, spiral ganglion neurons, and
several other aspects of the cochlea and central auditory
nervous system. Proper neural reinnervation will be needed
to restore hearing function, which can occur in newly regen-
erated hair-cells in both avian and mammalian models.53,54,59

The primary outcome for initial cochlear implant trials was
limited to sound awareness in the adult population. As addi-
tional electrodes and channels were added to the cochlear
implant and processing strategies improved, outcomesmoved
beyond simple sound detection to include recognition of
complex speech stimuli. Likewise, in the absence of any ability
to directly image or biopsy the cochlear tissuewithout causing
further damage, initial primary outcomes for regenerative
treatments will likely be limited to increased ABR and OAE
thresholds prior to improved sound detection in human trials.
Future improvements to this biotechnology should then
improve word recognition scores in quiet followed by im-
provement to speech in noisemeasures as the central auditory
pathways reorganize in response to this renewed auditory
input. As additional molecular factors inform regenerative
treatment, our ability to measure the biological impact of
treatment improves, and differences in underlying genetic
determinants are better understood, we will advance toward
applying more precise therapeutic approaches.

Etiology, Severity, and Duration of Hearing Loss are
Likely to Impact Efficacy
The efficacy of regenerative therapy will be affected by the
etiology of the hearing loss. Differentiating age-related hear-
ing loss from noise-induced hearing loss is difficult with the
clinical tools currently available, and many people may have
a combination of age-related and noise-induced hearing loss.
Age-related hearing loss is considered to be due to a change
in metabolic processes of the cochlea; the aging microenvi-
ronment of the cochlea may need to be considered for its
ability (or lack thereof) to support newly generated hair-
cells. Furthermore, as discussed earlier, cochleae with severe
noise exposure are more likely to demonstrate poor survival
of supporting cells, and therefore limit regenerative poten-
tial. On the other hand, if there is a genetic etiology related to
the individual’s hearing loss, then it may be more efficient to
use gene therapy to reintroduce that specific gene to the
auditory epitheliumas opposed to creating a one-size-fits-all
approach to regenerating these sensory cells.

The degree of hearing loss will also likely be a significant
factor in initial candidacy criteria—individuals with greater
severity of hearing loss will likely be candidates prior to those
with moderate hearing thresholds or better. An observation
from the development of cochlear implants that may be
relevant to the trajectoryof regenerative trials is thedifference
in efficacy between patients with longstanding, untreated
hearing loss and those who sought management of hearing
loss throughhearingaids. Cochlear implantation, aswithother
hearing therapies, generally yields better outcomes when the
duration of auditory deprivation is minimized. Auditory dep-
rivation leads to both peripheral60 and central61 neural reor-
ganization. With the introduction of hair-cell regeneration,
additional time may be needed to allow for further reorgani-
zation of these structures after restoring auditory input.

Independent of duration of hearing loss, better outcomes
may also be expected from younger patient populations, as
the most robust outcomes for differentiating new hair-cells
in mammals are currently seen in tissues derived from
younger subjects in animal studies.55,56 Therefore, it is
reasonable to hypothesize that auditory regenerative thera-
pies will likely impart a greater effect in younger patients.
The initial regeneration trials, however, will necessarily
focus on the adult population where auditory outcomes
are more reliably and easily measured due to their ability
to understand instructions and comply with behavioral
tasks. Regenerative therapies will likely extend to children
only after safety and efficacy are proven in the adult patient
first, as was the case for cochlear implants.62

Introducing potential cochlear implant candidates to
regenerative therapy would result in one of three outcomes:
(1) the regenerative therapy works well and audition is
improved, (2) the regenerative therapy works moderately
well to improve hearing but hearing aids are still necessary,
or (3) regenerative therapy did not work well and the
cochlear implant may still be used as an option. Ideally,
regenerative therapy could replace the need for cochlear
implants in a subpopulation of patients to increase frequency
discrimination beyond which a cochlear implant array can
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offer; however, regenerative therapies may not be possible
for all cochlear implant candidates. Themechanismbywhich
a regenerative therapy results in increased hair-cell numbers
may not be effective in all etiologies of hearing loss, and
therefore may not fully replace cochlear implants. Therefore,
it is likely that cochlear implants will remain a vital clinical
approach due to the robust effect of applying current locally
to stimulate spiral ganglion neurons.

Practical Considerations for Drug Development
Beyond determining the appropriate patient population,
note that the route of administration and dosage schedule
will impact the cost, tolerability, and accessibility of any
potential therapeutic. There are a host of reasons why the
therapy will be delivered locally to the cochlea instead of
systemically via oral or intravenous administration. Impor-
tantly, the blood-labyrinthine barrier of the cochlea prevents
many factors (such asmedications present in the blood) from
entering the cochlear endolymph. It is also possible that
several therapies will need to be delivered with precise
timing and doses to successfully regenerate hair-cells in
the mammalian cochlea, which will necessitate more inva-
sive, local delivery such as through the round window of the
cochlea. Furthermore, systemic administration of drugs
needed to stimulate hair-cell regeneration has triggered
adverse events in other mammalian models.63 Therefore,
drug delivery logistics will need to be considered when
designing the therapeutic drug as well as the clinical trial
itself.

Regenerative Therapy Is Promising, but Years of
Research Will Be Required before Becoming a Routine
Therapeutic Option
The efficacy of regenerative therapies is likely to improve
with additional refinement and experience after it is ini-
tially introduced to the adult human inner ear. Although
years of additional research will be required before regen-
erative therapies can be introduced as a routine option for
clinical care, the field as awhole shows great promise as we
work to increase audibility for those who struggle with the
limitations of currently available technologies. As audibility
increases with the success of hair-cell regeneration trials,
devices such as hearing aids or noise cancellation technol-
ogies may also assist those patients who demonstrate
incomplete hair-cell regeneration.

Audiologists will remain a critical part of tracking the
trajectory of patients who undergo regenerative therapies.
While objective measures such as ABRs and OAEs will be a
standard approach to capture improvements in function
after delivering the therapy, thesemeasures may not capture
the full experience from an individual. Particularly during
early phases of regenerative trials, an audiologist will be
needed to help translate the patient’s report of change in
audition and sound quality to the medical team who is
administering the regenerative therapy. Audiologists and
otologists will need to work as a team to ensure optimal
short-term and long-term outcomes for patients who choose
regenerative therapies for hearing loss.
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