Ototoxic Medications
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Incidence of Ototoxicity

e Furosemide 6-7%
 Aminoglycosides 63%

e Cisplatinin 23-50% in adults, 60% in children;




Ototoxic drugs

1. Salicylates and quinines (antimalarial) reversible

2. Loop diuretics - ethacrynic acid, furosemide, and bumetanide,
torasemide, piratenide, azosemide, tritlocin, indacrinone,
indapamide reversible

3. Antibiotics - aminoglycosides & vancomycin irreversible;
macrolides - erythromycin, azithromycin, clarithromycin reversible
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Ototoxic Drugs

* Drugs can affect cochlear function, vestibular function or
both

o Symptoms: tinnitus, hyperacusis, aural fullness, hearing
loss, dizziness, vertigo

 Temporary it stopped early enough - so early detection is
important but - testing methods are variable in reliability
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Ototoxic Medications

» Ototoxicity occurs primarily through damage of
hair cells starting from highest frequencies first
(above 8000Hz)

e Extended high-frequency audiometry can be
used to screen for ototoxicity

sl L o a e SR o A S s T p e o o2 = R DSOS | ) e > Jos .. P = L R B B A X fu b
SRS = 15 N AATIA M NN\ N T 1 li1t+y 7 TN NCE=1 T AAN\NZZI/N ANV IAIA AN N TS o - R [P T
= | 4 - o 0 o b m o~ * n ‘@ | W - E P S Al - m \ o5 B .-_- I 1 1N — - m | L N m . &\ [ s et 3 : Wigt B .
A ] \ = 3 el O, ! i y .. A ., |-7( y v - | R ) g SF B =¥icn s a gt " -
. CJCoCliITcLlLiLU oUoucCcuLIuliiIiLtY v v )ﬁl} 269 D QRETAREE T RS LTV e L Gen e [ B o 9 ) g o e it St e




Mechanisms of Ototoxicity

e Salicylates and quinines promote vasoconstriction by
reducing effects of prostaglandins causing reduced cochlear
blood flow.

Platinum chemo and aminoglycosides (AG) target outer hair
cells at the basal turn by disrupting mitochondrial function via
production of reactive oxygen species (ROS).

Loop dluretlcs decrease blood flow V|a Changes in C|reulat|ng
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Salicylates and NSAIDs

Corticosteroids - R
cor (|

Arachidonic Acid

NSAIDs inhibit Cyclo-oxygenase 5-Lipoxygenase
(COX) (5-LOX)

Some COXIB
inhibit both

Prostacyclin Prostaglandin Thromboxane
synthetase synthetase synthetase
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Salicylates and NSAIDs

* Aspirin ototoxicity occurs 11 per 1000 patients

* Reversible cochlear hearing loss of all frequencies
bilaterally which rarely becomes permanent, usually
recovers within 24-72 hours after stopping aspirin

e \asoconstriction In the stria vascularis and
blockage of the spiral vessels in the basilar
- _membrane reducing blood supply to the organ of
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Salicylates and NSAIDs

o Salicylism: N/V, tinnitus, HL, HA, confusion, increased
pulse and respiration

e Elderly are at higher risk even at lower doses

e Ototoxicity has been observed following topical
application of salicylates to the skin for psoriasis

e R

Aspirin ototoxicity is d dependent
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Quinine

e Quinine (from bark of the cinchona tree) is used for leg
cramping, chlorogquine and hydroxychloroguine for malaria
and autoimmune diseases and Covid-19. Quinidine (isomer)
Is used for arrhythmias. Quinine is also used in tonic water.

Increased resistance of plasmodium falciparum to
chloroquine has caused increased use of quinine for
malaria treatment.

« Plasma levels fall rapidly upon termination of therapy within TONIC WATER
24 hours SO heanng Ioss |s usually reverS|bIe and dose—
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| oop Diuretics
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| oop Diuretics

* Loop diuretics: furosemide, bumetanide, and ethacrynic acid, also piretamide,
azosemide, triflocin, and indapamide

e Exact mechanism is unknown:

 Inhibits Na-K-Cl transporter thus disturbing the ionic concentration of the
endolymph (endocochlear potential) which is dose-related and reversible

« Stria vascularis (decreased blood flow) is the major site of loop diuretic ototoxicity

* [nhibition of adenylate cyclase

» Affects basal turn of cochlea as well as cristae and macula - (outer hair cellloss)




Loop Diuretics

*Risk factors for ototoxicity™

eRapid IV infusion increases the incidence of ototoxicity. Hearing loss can occur
after acute |V injection or after longterm oral therapy - so should be given via
slow IV continuous infusion or divided oral doses

e Iinfused at a rate less than 5.6 mg/min did not cause ototoxicity while 25
mg/min did cause ototoxicity

eRenal, liver, and cardiac disease

,-Patlents recelvmg am|noglycos|de antlblotlcs or Clsplatln along W|th Ioop
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Aminoglycosides

njection, q.s.; sodium hydroxide and/or acd o
@0 g per 2 mL May have been added for PH adjustment. fr———
Mg per mL*) Usual dosage: See package insert. SEEE— (?
*G et 1 Warning Patients treated with gentar (N
entamicin €quivalent sulfate and other aminoglycosicer > —
O Intramuscylar or Intravenoys yse, close clinical observation becay g ‘2 - —F
MUST BE py_ FOR IV UsSg_ potential taxicity. See WARNINGS an N .
Inthe insert, =)
STORE AT: 20° 10 25°C (68° to 779f YN ————
25 x2m Controlied Room Temperature) Thec all——I%
Multiple Dose Vials Rx only Closure is pot Made with natural rubis
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Aminoglycosides

(Two categories)

Neomycin Gentamycin

Kanamycin Sisomicin

Tobramycin Netilmicin

| Amikacin
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Aminoglycosides

Cochleototoxic Vestibulotoxic
(Free amino -NH2 groups) (Free methyl amine -NHCHS3 groups
Amikacin Gentamycin
Neomycin Streptomycin
Kanamycin
Tobramycin

Gentamicin Kanamycin Amikacin

H,N
HO 0
N 4 NH,

Ho\w NH,
0
0 OH
HO
HN  OH

Tobramycin Sisomicin



Aminoglycosides

e affects high frequencies first
(destruction of outer hair cells in the
basal cochlea occurs before inner
hair cells at the apex)

e especially in renal impairment, 1 -
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Aminoglycosides

« AG concentration in perilymph peaks 2-5 hours after injection at 3-5%
of peak serum level

e Serum half life is 80 minutes but half-life in perilymph is 5-15 hours
after a single dose. After multiple doses, the elimination halt-life
Increased up to 30 days.

e S0 rapid accumulation in the perilymph causes hair cell death
->inhibits protein synthesis affecting cellular repair
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Aminoglycoside Vestibulotoxicity

« Gentamicin is particularly toxic to type 1 vestibular hair cells

* Because both ears are affected simultaneously, symptoms can include ataxia
and oscillopsia without nystagmus, vertigo, or hearing loss

 \estibulotoxicity can occur with normal renal function and even with keeping
peak and trough levels within normal limits (false sense of security) - frequent
cause of malpractice cases

« Single daily dosing more risky than multiple daily dosing




NDC 63323-307-51

TOBRAMYCIN
INJECTION, USP

2gper50mL
@40 mg per mL)-

*MUST BE DILUTED BEFORE IV USE

THIS PACKAGE IS NOT INTE
BE DISPENSED AS A UNIT

* Doubling dose of kanamycin doubles the plasma concentration (linear relation) but
increases perilymph concentration 10x so small increases in dose magnify the ototoxic

effects

Longer perilymph excretion time such as neomycin (55 hours) has highest ototoxicity
while short perilymph excretion time such as streptomycin (24 hours) is the least

ototoxic

« Neomycin can cause hearing loss when given
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Aminoglycoside Ototoxicity

* Cochlear toxicity: 16.4% gentamicin, 15.3% tobramycin
* Vestibular toxicity: 15.1% gentamicin, 4.5% tobramycin

* Both drugs cause ototoxicity after discontinuation of
treatment
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Risk Factors for
Aminoglycoside Ototoxicity

1. Duration of therapy greater than 10 days

2. Elevated serum levels

NERES, S e -

3. Frequent doses

TOBRAMYCIN
INJECTION, USP

2 gper50 mL
(40 mg per mL)

4. Renal dysfunction 1 (e

- " "
Obramy*

n
. Higher age
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Pharmacogenetics of amino
glycoside ototoxicity

 Maternally inherited trait caused by mutations Iin
mitochondrial 12SrRNA (A1555G and C1494T mutations) ->
increased risk for aminoglycoside cochleototoxicity.

 10-33% of Asians and 17% of whites who had AG
ototoxicity carried this mutation while the overall
prevalence of the mutation in white patients is 0.2%
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Macrolide Ototoxicity

—rythromycin, Clarithromycin, and Azithromycin
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Macrolide Ototoxicity

e Used for treatment of chlamydia and syphilis.

e Tinnitus and bilateral symmetric SNHL of 40-50 dB
within 2-7 days after starting, and resolves 1-3 weeks

after cessation. Occasional permanent hearing loss
has been reported.
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Vancomycin Ototoxicity

Vancomycin
Hydrochloride
for \njection, USP

FIGERATE
)1 FRIEEEZ.)
S grams®

per Pharmacy Bulk Package

PHARMACY BULK PACKAGE -

MOT FOR DIRECT INFUSION
For \ntravenous infusion,
WMUST BE FURTHER DILUTED

AFTER RECONSTITUTION AND

BEFORE INFUSION. NOT TO BE
DISPENSED AS A UNIT.

Preservative tree.

- MRSA, strep endocarditis, and Clostridium difficile

* Vancomycin is a glycopeptide antibiotic used for




Platinum-based

chemotherapy
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» Cisplatin, carboplatin and oxaliplatin are the only
FDA-approved platinum compounds.
Carboplatin and oxaliplatin are less ototoxic than

cisplatin.

e Side effects: ototoxicity, nep

nrotoxicity,

neurotoxicity, Gl toxicity, and myelosuppression

o Affects outer hair cells of basal turn and spiral
ganglion and degeneration of stria vascularis

Baguley, David M et al, Looking beyond the audiogram in ototoxicity associated with platinum-based
chemotherapy. Cancer Chemother Pharmacy. 2020; 85(2): 245-250.
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Platinum-based
chemotherapy

Irreversible, dose-related SNHL in 4-8 kHz occurs in 11% of
patients, tinnitus can persist for at least a year in 38% of
cases.

Hearing loss usually starts days to weeks after treatment and
Is mostly bilateral, can even worsen after end of treatment so
recommend audio 1 and 3 months after treatment.
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Platinum-based
chemotherapy

e Aggressive hydration helps reduce side eftects

* |Incidence and degree of hearing loss increased with increasing
individual and cumulative doses

e Fast bolus infusion caused significantly more hearing loss than

slow infusion over 2 hours (but no beneflt between slow |nfu3|ons
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Platinum Ototoxicity in
Children

* Greatly improved survival in pediatric oncology: germ cell
tumors, hepatoblastoma, medulloblastoma, neuroblastoma,
osteosarcoma, Wilms tumor, refractory lymphoma

* Ototoxicity: cisplatin > carboplatin > oxaliplatin

* Cumulative dose cisplatin/carboplatin > 400mg/mz2in children
- and >600mg/m2 in adults
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Platinum Ototoxicity in
Children

 Hearing loss incidence: cisplatin 25%, carboplatin 19%, treated with
both 35%, further progression after end of chemo 8.6%.

e Audiometry should be done at baseline, and 24 hours prior to each
course of chemo, and any clinical sign of hearing loss, and at the end

of treatment.

 Hearing loss can manifest many years later so audio:
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Phosphodiesterase-5
Inhibitors (PDE-5




Phosphodiesterase-5 Inhibitors
(PDE-5)

* Inhibits the enzyme PDE-5 that degrades cGMP which leads to smooth muscle
relaxation and therefore vasodilation

 SNHL may be associated with tinnitus (22%), dizziness (33%)
e Sildenafil (Viagra), tadalafil (Cialis), vardenafil (Levitra), and avanafil (Stendra)

* Phosphodiesterase enzymes are found in rod and cone photoreceptor cells of the
retina (vision l0ss)
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Phosphodiesterase-5
Inhibitors (PDE-5)

* Majority of hearing loss is unilateral 75%, 25%
were bilateral.

e Usually occurs within 24 hours of taking the drug
(67-88%)
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Ototoxicity of Noise and
Drugs in Combination

 (Guinea pig cochlea studies: Low dose ototoxic
drugs and limited noise exposure combined can
cause hearing loss that does not occur If
- applied separately
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Intratympanic Aminoglycosides

o Ablative treatment tor Meniere’s disease
o Streptomycin replaced by gentamicin

e More vestibulotoxic than cochleotoxic




Toxicity ot Ototopical
Medications

1.Antibiotic drops 3.Antiseptics

 Neomycin (cortisporin)

e Acetic acid

e Quinolones

2.Antifungal drops

e Boric acid

e Ketoconazole
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Toxicity ot Ototopical
Neomycin

Cortisporin (polymyxin, neomycin, hydrocortisone)
drops

e Risk increases with prolonged use
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Topical Quinolones
Ofloxacin and Ciprotloxacin

 The only US FDA approved topical
antimicrobial for use in a non-intact TM
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Antifungal Drops

« No toxicity with intact TMs.

« Antifungals are not water soluble so must be mixed with alcohol-based solvents for
liquid form and alcohol is ototoxic

e Ketoconazole and itraconazole - cause tinnitus and hearing loss is less than 2% of
cases

« Nystatin - no ototoxicity in clinical use (animal data controversial)

« Gentian violet (aniline dye) -




Topical Antiseptics

Acetic acid and alcohol topically ototoxic

e |odine and non-alcohol-based and non detergent
solutions are the safest preps prior to ear surgery

 Evidence was weak evidence of ototoxicity but iodine
seems to cause the least harm while chlorhexidine and

high concentration of alcohol based solutions showed
most harm

* No clear evidence for or against ototoxicity regarding:
boric acid, acetic acid, aluminum acetate, povidone
iodine
Singh Shubhi et al. Systematic review of ototoxic pre-surgical antiseptic preparations — what is the
evidence? J Otolaryngol Head Neck Surg. 2018; 47: 18.



Monitoring of Ototoxicity

 Monitoring can detect
subclinical ototoxicity
allowing early intervention
such as

e [reatment alternatives
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Monitoring of Ototoxicity

e Conventional PTA: air conduction 250-8000 Hz and bone conduction 250-6000 Hz

e HFA High frequency audiometry (8-20 kHz)

e DPOAE 1-8 kHz - specificity rate of 78%

* Pros: frequency specific, able to measure over broader frequency ranges, quickly done at bedside
e Cons: sensitive to middle ear dysfunction, not detectable in thresholds > 60 dB

* Ototoxicity hearing shifts occurred first in HFA, then DPOAE and last in conventional PTA
e ABR restricted to 500-4000 Hz but can use bird chirp recordings up to 6000 Hz

e SROBEH - (sensitive range of ototoxicity using PTA and HFA) unique for each patient’s audiometry defined as the
e R hlgheet frequency Wlth a threshold <100dB foIIowedvby 6 Iower consecutlve frequeneles in 1/6th octave steps.
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Treatment of Ototoxicity

*No FDA approved treatments for ototoxicity

« Antioxidants - coenzyme Q10, D- & L-methionine, thiourea, vitamins B, C, & E, N-
acetylcysteine.

 |ntratympanic injection of N-acetylcysteine and IT dexamethasone |IT PRP (platelet-

rich plasma) and vitamin E showed positive results in preventing cisplatin-induced
ototoxicity.

* Hyperbaric oxygen, vitamin C, triamterene, and propranolol helps prevents
ototoxicity of loop diuretics (in animal models)

« Rapamycin - antifungal metabolite produced by Streptomyces hygrosooplcus used
.\.;;;._;.:e—_,;;;awa |m,nosupressant drug to prevent kdldney translant reLectlcgn has
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Oricula Therapeutics

Medicines to Preserve Hearing

Preserving hearing is our mission

ORC-1366"

<+ Oral drug currently in FDA-approved human clinical trials - highly protective for hearing
and balance against ototoxic medications including aminoglycosides and cisplatin as well
as aging

<+ Research collaboration between University of Washington and the Fred Hutchinson
Cancer Research Center licensed to Oricula Therapeutics (Seattle) and Decibel
Therapeutics (Boston)

<+ U.S. patents valid through 2036 and global filings are in process

<+ ORC-13661, an oral medication to preserve hearing during AG therapy has completed
Phase 1 clinical testing in normal human volunteers for safety, tolerability, and
pharmacokinetics. Well tolerated at doses 3x above the clinical dose.

*Phase 2 proof of efficacy clinical trial in non-TB mycobactium (NTM) patients with severe lung
infections is planned. Over 35% of NTM patients treated with IV amikacin for up to 90 Days develop
significant hearing loss. Our preliminary calculations, suggest that we can power the demonstration
of human efficacy of ORC-13661 with less than twenty patients per treatment group.



ORC-13661

* Reversibly blocks the hair cell MET channel (mechanoelectrical
transducer) - may provide protection at multiple levels

 Dose dependent otoprotectant across multiple species and toxins

e Protects against hair cell survival and hearing loss with
Increasing doses against gentamicin, amikacin, neomycin, &

cisplatin

Cultures rats wlth ABR zeraﬂsh
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Top 10 lake Home Points

10. Reversible: ASA, quinines, loop, macrolides.
Irreversible: aminoglycosides, vanco, platinum, PDES?

9. Early detection with HFA because basal turn (high frequency) affected first
8. Consider family h/o ototoxicity (gene susceptibility)

7. Avoid multiple insults - other ototoxic drugs (long half life in perilymph), noise,

6. Consider high risk: reduced metabolism due to renal/liver dysfunction, elderly
and children




R o
Y



