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Learning Objectives

¢ Describe rationale for early detection of
ototoxic hearing loss

¢ Outline benefits off using Clinical [Decision
TTheory for examining test perfiormance

¢ Discuss implications of this study: for
Valrious etoteXICIity mMeNItering metheds
— Criteria for hearing thireshold shifits
— lest-fifeqUERNCY. StEP! SIZES
— Jlesting above &) kidz



Background

¢ Patients may not notice hearing
change until speech freguencies
affected

¢» Serum levels are not good Indicators
COChIeptoteXxICIty.

¥ [Ihe oniy: Way: ter Knew! it al PErsSen IS
lesing thelr hearing Is direct
aSssessmeEnt o aualitery flnctom



Attributes of Screening Test

¢ High sensitivity (sensitivity rate=hit rate)
— High hit rate in exposed ears

¢ High specificity (1-specificity=false positive rate)
- Low false alarm rate in unexposed ears

¢ Most tests are iImperfect, so that seme clinical
Errorst are made. There IS a trade; ofiff BEtWEER
Sensitivity: and SpEeCITCIty:

— Make cutoff more stringent, reduce false positives, but also
reduce hit rate

- Make cutoff more lax, increases hit rate, but also increases
false positives

¥ INITE EFNCIENCY,



Ototoxicity Monitoring

"Mow just relax and we'll begin
vour hearing fest.”




Benefits of Ototoxicity Monitoring

¢ Early detection may prevent hearing
damage that requires rehabilitation

¢ Iff change observed, treatment
moedification can prevent fiurther hearing
less; Iff no chamnge observed, continued
treatment warranted

¢ Otetoxicity: monitoring progdram

— egdlicates patients, care giVers ana paysicians
aboUt otetoxic symptoms (hearing 16ss,
tiRnItUs) anabalance proplems)

= ['dISES aWaIFENESS, Off SYNERGISHICI ERfECtSI O
LeXINS aiEiNBISE

— epslires) atidielegy, WorksuprandrreRapilitation
planrarenimplementeaNirancd WheRrappropriate



Sensitive Range of Ototoxicity
(SRO) Principle

¢ Most initial changes seen in a limited
range near the highest audible freguency.

¢ Range for each individual Isf unigue; ana
SpEecIfic to thelr hearing configuration

¢ Freguencies withr thresholds > 100 dbB SPI.
Lsualiy: remain Unchanged

¢ A sensitive rande; fior otetoxicity, (SRO) can
PE GEfNEC aS afOnE Octave range REal the
UpPEr-requency imit o nearing (1-ex,
requency  withrarthresholar <100 dBFSPL)
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Sensitivity: SRO 1/6th Octave

Total Hit
(Ears)
AMG 54 46

Cisplatini =~ 226 20077

Carboplatin 59 50

Total 339 5035

Miss Initial Change
in SRO
8 85%0
19 92%
9 85%6

56 89Y%



Ototoxicity Monitoring

¢ Few studies have compared audiometric
methods and hearing loss change criteria

¢ Methods' vary for monitoering hearing in
patients receivingl etotoxic drugs
- frequencies tested
- frequency step sizes used
— decision variables (number frequencies affected)
— magnitude of threshold shifts
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Case Study: SRO 7.13 - 14 kHz
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Case Study

¢ Conventional audiometric testing (<8 kHz)
would have identified hearing change later

¢ Hearing continued to decline after
treatment ended! (black line: 1 month post-
gllrug$ and light blue line: 6 month; post-
fug

— ultimately, 20-dB change at 3 kHz; 40-dB
change at 4 kHz; 65-dB change at 8 kHz

¢ Greatest chnanges at the conventional
frecclquc?ncies OCCUrred after treatment
eneead!

9 INforMAatIORPUSE o) cOUREIISpatieEnt about
alral reNabroptions aneErNECESSItY: OfF ioleW
UprwWithratdiclogist



Background

¢ Challenge is to quantify ototoxic changes
N a group of adults

¢ Different fireguencies may be affected in a
?iven PEFSON, SOl averaging across all
requencies tested tends to wash out
OLotoXIC chamnges

¢ 90506 0 chianges! oecUiF WILhIN: anl 6EtaVe off
ngghBe)st audible fireguency. (Fausti et ail.,

¢ [hErerore, canl averade thiresheld shlits
aCrossHndividtals, normalizZing te; the
HIgRESEIrECUERCY abletere EaRE
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Study Objectives

Examine ability of individually-tailored

threshold monitoring to detect ototoxic
hearing loss using various (significant

threshold shift) STS definitions

Determine whether evidence supports
use off ASHA-recommended SIS
definitions

DEtermine Whether testing in: /3= 0¥
I/ 6-0ctave steps! Iimproves test

PEPrManNCEWRER CoMmPared torusSe of
I/ 2-0ctaVve steps



Methods

¢ All subjects

— at least 3 audiograms, one audio ~1.5 months, one
audio ~6.5 months after initial dose

— baseline within 2 days of first dose (some controls were
within 3 days)
¢ Cisplatin-exposed! Group
— used for hit or true positive (TP) rates
— 78 ears of 41 patients receiving cisplatin
— cumulative dose at least 350 mg
— mean age 59.4 years (SD 10.2)

¢ Controel Group
— used for false positive (FP) rates

— 53 ears of 28 hospitalized patients receiving non-
ototoxic antibiotics

— mean age 56.0 (SD 10.5)



Example: Freguencies Tested In
One Subject

Baseline Test
Frequencies
(kHz)

Baseline
Hearing
Thresholds

Comparison
Test

Frequencies
1/6-octave

Comparison
Test
Frequencies
1/3-octave
Comparison
Test
Frequencies
1/2-octave




Group Data in 1/6M-octaves

Control Group 1 Cisplatin Group
|  — baseline test { — baseline test
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Mean data underestimate effect because some
subjects have hearing loss at a given frequency,
but others do not




Methods

¢ Hearing changes calculated for
freqguencies within an octave off high-
frequency hearing limit

o Compared initial audiegram: to) tests
obtained 1.5 and 6.7 moenths later

¢ Determined i changes met SIS criteria

— based on magnitudes of positive threshold
shifts (worsening of thresholds by 5, 10, 15,
or 20 dB)

— and numbers of frequencies affected
(threshold shifts at a minimum of 1, 2, or 3
adjacent frequencies)

¢ iest perfiermance evaltated using €D



Clinical Decision Theory (CDT)

¢ Can go beyond asking ‘Does the test work or
not?”, to the more useful question, How well
does it work in this context?”

¢ Can estimate test performance for all values of
the experimental variable, in this case dB of
Nearing change
¢ in this case 5, 10, 15, or 20 dB of threshold shift

¢ Can compare various different decision variables

¢ in this case, numbers of frequencies affected (1, 2, 3 or
more adjacent)

¢» Note absence ofi true “gold standard™®

» Compared SIS rates) o)y cisplatin-eExposed group
“trle ™ positive rates) torneR-ExXPOsed group
éfalse PESItIVEe rates)oliewing Dobier 2005
— Underestimates true positive rates
— Accurately estimates false positive rates
— Accurately estimates rankings of competing STS criteria



Methods

¢ Compared test perfiormance 2 ways

¢ 1. Examined receiver operating characteristic
(ROC) curves

— Plots of true positive rate or sensitivity as a function of
false positive rate or 1 minus specificity

— Compared relative position of curves and areas under
the curves

o 2. Determined! SIS definitions with the highest
true positive; rates! fior a fixed false positiVe; rate
NEaIFSY6

— Chosen to minimize the number of patients incorrectly
diagnosed with ototoxic hearing loss
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Sensitivity (True Pos Rate)

ROC Curves

®—1/6-oct
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1/2-oct
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1/2-oct

final test

D 10 20 30 40 50 60 70 80 90 100
1-Specificity (False Pos Rate)

Receiver Operating Characteristic
(ROC) Curves

Each point in ROC curve
represents a particular criterion
cutoff (dB shift)

Sensitivity (true positive rate) is
plotted vs false positive rate

Criterion cutoffs range from
stringent (20-dB change) to lax
(5-dB change) as curve
progresses from left to right

Relative position of curves and
area beneath them is used to
compare them
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Area Under ROC Curve
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ASHA Criteria for Hearing Change

¢ 20 dB change at any 1 test freguency

¢ 10 dB change at any 2 adjacent test
frequencies

¢ Loss of responses (as little as 5 dB
change) at 3 consecutive frequencies,
WHErEe responses WEere, previously: ebtained
close to the limit of the audiemeter

» Changes confirmed by, repeat testing



Results

¢ For the 1/2-octave step size used
clinically, best performance was achieved
for threshold losses of 15 dB at a single
frequency, a change present in 50%: of
ears by completion of cisplatin therapy.

¢ Use off smaller freguency: step sizes
consistently’ INCreased test perfiormance;
(Improvements Were; significant When
thresholdl shifits Were reguired te 0CCuUr at
2 OF 3 ddjdCEnt firegUEnCIES)

¢ Best overall test erformance Was
ebtalned tsing i/ 6rectaVversteps anala
ChitERIon cut: off ot 10 dBratr 2" o more
FEGUERCIES



Results

¢ Certain ASHA-recommended criteria
performed well
— threshold shifts > 20 dB at 1 frequency
— > 10-dB at 2 or more adjacent frequencies)

¢ For "2-octave step size, these SIS
definitions' resulted in TP rates of 36%) and
35990, respectively, at the final test date.

¢ 5-dbB at three frequencies performed less
wellrdue torincreased: FP rate



Conclusions & Clinical Implications

¢ Monitoring protocol that uses a tailored,
patient-specific one, octave range: of:
frequencies is a clinically effective protocol
for detecting early otetoxic changes with
an acceptable; fialse positive rate.

¢ [N generall, using smaller fireguency: step
SiZES INCreases false pPosItivESs) onily.
slightly, while increasingl sensitivity
Signiiiicantiy:



High Frequency Audiometers

¢ Interacoustics AC40

— High-freguency to 20 kiHz, multi-frequency, 1/6 octave
(1 octave up to 1/24)

— With boost feature, 115-120 dB eutput

— HLL < 8 kHz; SPL > 8 kHz

— Approximately: $6200.

Decos Systems) Audiology Workstation
High-frequency: ter 20! kHz, multi-freguency, 1/6r octave
120 dB HLE output at all freguencies-Computer based

Programimable eption fior testing in HiEse SPIEat all
FEqUERNCIES

Approximately $iiZ, 8010k
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