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Abstract:

Currently no pharmacogenomics-based criteria dgiguide clinicians in identifying individuals
who are at risk of hearing loss from cisplatin-lthsleemotherapy. This review summarizes findings
from pharmacogenomic studies that report genetinparphisms associated with cisplatin-induced
hearing loss and aims to (1) provide up-to-datermation on new developments in the field; (2)
provide recommendations for the use of pharmacdgetesting in the prevention, assessment and
management of cisplatin-induced hearing loss indodm and adults; and (3) identify knowledge
gaps to direct and prioritize future research. €hasctice recommendations for pharmacogenetic
testing in the context of cisplatin-induced hearlogs reflect a review and evaluation of recent
literature and are designed to assist cliniciangprioviding optimal clinical care for patients
receiving cisplatin based chemotherapy.

Keywords: Cisplatin, ototoxicity, hearing loss, pharmacoge&netesting, clinical practice
recommendations

1. INTRODUCTION

1.1 Cisplatin

Cisplatin (PLATINOL®) is a widely used chemotherapeutic agent as alatdrtreatment for a
variety of solid tumours. It is one of the mosteetive chemotherapeutic agents for children and
has contributed to the dramatic increase in survivam many solid tumors including
neuroblastoma, hepatoblastoma, brain tumors, cmtem®a, and germ cell tumors. In fact,
cisplatin has shown efficacy in standard risk helplaistoma, such that it can be used as
monotherapy with an over 80% 3-year event-freeigatV Cisplatin is also used to treat a variety
of adult cancers including ovarian, gastrointestitessticular, lung, and head and neck tumoura
major complication that limits the clinical usea$platin is the risk of drug-induced ototoxicityat
can result in life-long disabilify Cisplatin ototoxicity manifests as permanentatbral hearing
loss which affects 10-25% of adults and 26 -90%tifdrer™®. In particular, even mild hearing
loss in children can significantly influence speeaid language development, social-emotional
development and increase the risk of learningdliffies.

1.2 Clinical presentation and assessment of cisplatin-induced hearing loss

In patients receiving the same dose of cisplatie, inter-individual variability of ototoxicity is
profound, ranging from no hearing loss to high @reocy hearing loss and progresses to severe
hearing impairment in the speech frequertfiefPure-tone audiometry measurements are used to
determine the degree of hearing loss in patientsclwis reported as a numeric grade. Several
different grading criteria for ototoxicity have lmedeveloped over the years. The most commonly
used methods are the Common Terminology Criteridttverse Events 4.0 (CTCAENREF 15,

and the Brock scaléTable 1). However, various other grading scheexést such as the Muenster
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classification for early detection of hearing fGssChang scaf€ and the recently developed
International Society of Pediatric Oncology (SI@®ston Ototoxicity Grading Scafe In standard
treatment protocols, the occurrence of moderateseigere cisplatin ototoxicity leads to dose
reduction or the termination of cisplatin treatmamwtich may affect survival rat€s

1.3 Mechanisms influencing outcomes

There is a significant amount of evidence sugggghat the major mechanism of action of cisplatin
is the formation of intra-strand and inter-stranoisslinks with DNA. This activates multiple signal
transduction pathways associated with cellular gsees including cell-cycle arrest, DNA repair,
and programmed cell deadth Platinum cochlear toxicity is thought to occuredto interference
with signal transduction in the cochlea. Evidemudicates that cisplatin damage by apoptosis
occurs at three sites in the cochlea: the outerdedls in the organ of Corti, the spiral ganglamd

the stria vasculart§

Cisplatin-induced hearing loss is difficult to trearimarily as the mechanisms involved in this
process are not well understood. Several linesvifence suggest that the generation of reactive
oxygen species (ROS) are involved in the toxicispamiated with cisplatin theraly ROS-
mediated damage occurs as a consequence of aatbxdpletion and increased lipid peroxidation
in the cochlea. The increase in ROS has beenteghto lead to morphological and functional
changes in the organ of Cdfti The production of ROS changes acoustic tranazudby
modulating the outer hair cell motility.in the orgaf Corti resulting in cell death

1.4 Risk factorsfor cisplatin-induced ototoxicity

Clinical risk factors are known to influence thesseptibility of cisplatin-induced ototoxicity. Thes
include cumulative cisplatin dose and dosing sclegghatient age at treatment, pre-existing hearing
impairment, concomitant use of aminoglycosides arahial irradiation (Box f}. It is now
recognized that there is significant variabilityliraring loss between individual patients receiving
similar cumulative doses and application schedafessplatin suggesting that clinical risk factors
alone are insufficient predictors of safety

Genetic variation in the genes involved in thetsinsformation, transport, and targets of drugs have
been recognized to influence patient drug resparst susceptibility to adverse drug events,
including ototoxicity®. Specific variations in the DNA sequence (singleleotide polymorphisms
(SNPs), insertions, deletions) that alter gene esgon or protein function may thus influence the
susceptibility to drug-induced toxicity and couldcilitate the stratification of patients based on
toxicity risk. To date, studies have implicated tiplé genes in the susceptibility to cisplatin-
induced hearing loss. Specifically, genetic vasanmt methyltransferasesTRMT, COMT),
transporters ABCC3, CTR1), glutathione-S-transferase&3Ts), megalin (RP2) and DNA repair
genes XPC) have been associated with cisplatin-induced &toity. _ENREF 11 ENREF 30Evidence
regarding associations of variation in these gevees reviewed and is summarized below (Section
2), with a more detailed summary provided in the p@emental Material
(http://links.lww.com/TDM/A140).

1.5 Scope and pur pose

Currently no pharmacogenomics-based criteria driguide clinicians in identifying individuals

who are at risk of cisplatin-induced hearing loskhis review is intended to (1) summarize and
evaluate recent literature from pharmacogenomidiasu that report associations of genetic
polymorphisms with cisplatin-induced hearing lossprovide up to date information on new
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developments in the field; (2) provide recommeratetifor the use of pharmacogenetic testing in
the prevention, assessment and management oftaisipilduced hearing loss in children and adults;
and (3) identify gaps in knowledge to direct andonitize future research. These practice
recommendations for pharmacogenetic testing inctimgext of cisplatin-induced hearing loss are
designed to assist clinicians in providing optirdl@hical care for patients receiving cisplatin bése
chemotherapy.

Specifically, recommendations are provided to asllthe following questions:

1. Should genetic testing be performed in patient$ it indication for cisplatin therapy, in
order to reduce the occurrence of cisplatin-indubedring loss? What genes and gene
variants should be tested?

2. Which patients should be tested and when?

3. How should patients undergoing cisplatin therapymanaged based on their genetic test
results?

2. SUMMARY OF SUPPORTING EVIDENCE

2.1 Methlytransferase genes (TPMT and COMT)

Genetic polymorphisms ifiPMT are implicated in the susceptibility to cisplatmduced hearing
loss in children (see detailed evidence summaitpénsupplementary materials and Supplementary
Table S1, http://links.lww.com/TDM/A140). Speciflsg TPMT variants rs12201199, rs1800460
and rs1142345 have been associated with ototoxicityiree independent pediatric cohbts
These risk variants include ti@MT* 3B, * 3C and*3A (*3B + *3C) loss of function alleles, which
lead to rapid degradation of the TPMT prot&ink a cohort of 317 children, 43 (91.5%) carriefs
the TPMT risk variant developed hearing loss compared tg daur carriers (8.5%) patients
without hearing loss (Table S10), conferring a gty of 96.8% and sensitivity of 22.3% Three
studies differing from the previous reports in eati cohorts and the treatment regimens used,
reported non-significant associations betweenTPEIT variants and cisplatin-induced ototoxicity,
however similar trends were observed in sub-cohoftssimilarly treated patient3?’. Thus,
evidence suggests an associationTBMT variants with cisplatin-induced hearing loss buthwi
limitations in generalizability and the number tidies availabl¢+++ evidence; Table 2).

Variants inCOMT (rs9332377 and rs4646316) have shown similar sresfdassociations in four
independent pediatric cohorts (Table '83§?¢ These associations reached statistical signifiean
only in two of the four cohorts while two additidretudies have also reported effect sizes in the
opposite directioft'?’. Taken together, the evidence supporting the 0blEOMT is encouraging
but requires further replication with specific atien to using comparable patient cohofts-
evidence). COMT and TPMT enzymes utilize the same substr&tadenosylmethionine, and
variants of these genes are hypothesized to aiplatin cytotoxicity by modulating cross-linking
with purines in DNA®. Furthermore,S-adenosylmethionine has been demonstrated to EeErea
cisplatin nephrotoxicity in ratd

2.2 Cigplatin transporters (ABCC3, CTR1)
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To date, two studies reported associations of arsymous variant irABCC3 (rs1051640) with
cisplatin-induced hearing loss in pediatric pasefftable SZy?® _ENREF 31ABCC3 is a transporter
that mediates the efflux of organic anions, xenttsoand glutathionés-conjugates, including
glutathione S-conjugated cispl&ii®. Reduced activity of ABCC3 may thus affect cisiplat
detoxification through reduced transport of toxienpounds out of the cell. Evidence supporting a
role of ABCC3 in cisplatin-induced ototoxicity iggmising (++ evidence), but this association
requires further replication to strengthen the entrrevidence. Furthermore, the functional
consequences of the synonymous rs1051640 variantybt to be identified and should be
determined.

Copper transporter protein€TRs) are major plasma membrane transporters that teeieth
cisplatin uptake and export at the plasma membBtare study in non-small cell lung cancer
patients treated with cisplatin reported a varignCTR1 (rs1098169)associated with increased
ototoxicity in adultd’. Independent replication and investigations iniated cohorts are necessary
to extend this promising finding@+ evidence).

2.3 Gluthathione S-Transferases (GSTs)

One of the mechanisms of cisplatin detoxificati@nthe conjugation of the active platinum
metabolite with glutathione by glutathione s-tr@mases (GST3)** _ENREF 42Several studies
have therefore examined polymorphisms in GST géG&8M, GSTP, GSIT) in the context of
cisplatin-induced hearing loss (Tables S3:38)*

One study reported a higher frequency of G®&IM3*B allele in pediatric patients with normal
hearing compared to patients with ototoxicity (Eal®3j°. _ENREF soHowever, a second study
investigating GST polymorphisms in ovarian canaignts could not replicate this associatidm
evidence). In a study by Oldenburg al.; GSTP1 rs1965 was significantly associated with cisplatin
induced ototoxicity in adult testicular cancer suovs (Table S4f. However, this association did
not achieve statistical significance in an extengetient cohoff. Rednamet al. reported an
opposite effect o6GSTP1 rs1965 on cisplatin-induced hearing loss in a gadiaedulloblastoma
cohorf? Furthermore, five studies (4 pediatric, 1 aduéported no significant association of
GSTP1 with hearing losS**3>3"38 Overall, evidence regarding an effect ®STP1 rs1695 on
ototoxicity is thus inconsistent (Table S4)evidence). Finally, associations with cisg)latin-induced
ototoxicity have also been reported B8TM1 (Table S5°°*’ andGSTT1 (Table S6}. However,
numerous other studies have not replicated theseiasion$>>>>8414{+ evidence).

ENREF 47
2.4 Megalin (LRP2)

Two non-synonymous variants (rs2075252, rs22281i1)RP2 have been examined in four
different studies of children treated with cispiafiTable S72%%%*3 Riedemanret al. reported a
significant association between rs2075252 and atispinduced ototoxicifi?. A nonsignificant
trend for an association for rs2228171 was alsatifiled. Conversely, Choeyprasestt al. found
that rs2228171 was negatively associated with @igpinduced hearing loss with no association for
rs2075252. In two additional large studies, both variantsreveot associated with cisplatin-
induced hearing loss in childrérf® Overall, given these inconsistent findings, fertlevidence is
required to determine the relevance of rs2075282rs2228171 for cisplatin-induced ototoxicfty
evidence).
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2.5 DNA repair genes

To date, the association of genetic variants in DA repair pathway with cisplatin-induced
ototoxicity has been investigated in three studiesle S8). A small study of pediatric and adult
patients reported a significant association of a-synonymous SNP iXPC rs2228001 with
hearing los¥’. However, this finding has yet to be replicateithva lack of association reported in a
larger pediatric cohort of 317 patiefitsAnother independent study also did not observe an
association of variants [BRCC1, XPD and XRCC1 with cisplatin ototoxicity (Table S&). Given
the lack of replication, it is difficult to draw gnconclusions about an effect of rs2228001 on
cisplatin ototoxicity (+evidence).

2.6 Genes associated with hereditary or age-related deafness

Variants inGJB2, SLC26A4 and mitochondrial (mtDNA) polymorphisms MTRNR1, MTTL1 and
MTTSL have been associated with aminoglycoside-mediabdatoxicity and progressive
nonsyndromic high frequency hearing loss. Two @sidinvestigating the role of mtDNA
polymorphisms for cisplatin-induced hearing lossMildren showed no evidence for a contribution
of these variants to the susceptibility to cisplatiduced hearing loss (Table 5 Therefore,
there is currently no evidence to suggest an associ of genes involved in hereditary deafness
with cisplatin-induced ototoxicit{#+ evidence). One study examining variants in otospiraldtgs),

an inner ear protein implicated with age-relatecrimg deterioration, reported a significant
association between a protective haplotype andatisgnduced ototoxicity (Table SY) Although
the evidence is limited at this time, these findipgovide the basis for larger replication studges
validate this genetic associatiprt+ evidence).

3. CLINICAL PRACTICE RECOMMENDATIONS

Recommendations and consider ations

3.1  Should genetic testing be performed in patients prior to initiation of cisplatin, in order
to reduce the occurrence of cisplatin-induced hearing loss? What genes and gene variants
should betested?

There are genetic variants that should be testgutients prior to initiation of cisplatin therafy
alert physicians and patients/families about tleeeased risk of cisplatin-induced hearing loss in
susceptible patients.

TPMT functional variants (A):

Recommendation: We recommendphar macogenetic testing for the associated functional
TPMT variants (*3A, *3B, *3C) and the known, relatively common, and functiopafiactive
TPMT *2 variantin pediatric patients to receive cisplatin (level A — strong recommendation;
Table 3).

Considerations: In over 95% of Caucasian and Asian patients, TRBMT activity is explained by
three allelesPMT *2, *3B, and*3C)*%. In African populations*3C and*2 are also common. All
of these variants demonstrate reduaeditro enzyme activit}’. Around 10% of the population
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carry one of thes@PMT risk variants, which account for approximately 2%#opatients with
ototoxicity (accounting for 27.9%, 21.9%, and 24% atotoxicity in 3 independent patient
cohorts}># Thus, theTPMT risk variants do not account for all cases of @ispl ototoxicity.
However, the high positive predictive value (92%)tloe TPMT variants indicates that a vast
majority of patients who carry these variants depdhbearing loss. The importance of identifying
risk of hearing loss in children and the potentmdnagement strategies warrant a strong
recommendation that children should be genotypeadriek variants in theTPMT gene. If
genotyping is unavailable or impractical, TPMhenotyping may be an alternative method to
identify patients with low enzyme activity, everotigh this has not been investigated in any studies
yet.

Variantsin COMT, ABCC3, CTR1, GSTs, LRP2, DNA repair and deafness genes (C):

Testing for variants iICOMT, ABCC3, CTR1, GSTs, LRP2, DNA repair genes and genes associated
with deafnesss currently not recommended for clinical use (le@e- optional recommendation).
Further research is needed to determine the optstrategy for the utilization of genotype
information for these genes in therapeutic decisnaking and strengthen the evidence supporting
the genetic associations (see section 4).

3.2 Which patients should be tested and when?
3.2.1. Pediatric patients

Recommendation: Studies of pediatric oncology patients suggeat &l children undergoing
cisplatin therapy should be tested for genetic variantsin TPMT (A). Ideally, children should be
tested prior to the initiation of therapy to enabjgimal consideration of therapeutic options ia th
context of genetic test results. However, the dertest may also provide valuable information for
patients who are already undergoing treatment, te.gguide decision-making on post-treatment
follow-up.

Considerations: The current standard of care in pediatric oncoli@gytreatment with cisplatin is to
monitor hearing with audiograms before further doskcisplatin are given. Patients who develop
clinically significant hearing loss generally hawv&0% reduction of subsequent doses of cispfatin
Further hearing loss often results in complete ieltion of cisplatin from the treatment plan. The
use of pharmacogenetic information to define agpatat high risk of hearing loss can thus be used
to consider potential dose reductions earliereatiment. This approach is not much different #han
dose reduction after toxicity onset, but allows theician to consider making this change sooner in
the treatment plan. There are exceptions to Wi, such as cisplatin used in the treatment of
hepatoblastoma, where no dose reduction is sugbedteny point, given the critical role of
cisplatin with regards to cute®®> An important area of future investigation is hawch sooner
than actual toxicity (i.e., hearing loss) potentiake changes can be made without compromising
cure rates.

3.2.2. Adult patients
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Recommendation: Currently, the impact of the genetic variants reswnded for testing in
children is unknown in adult patients. At this goigenetic testing to identify patients at risk for
cisplatin-induced hearing loss is NOT recommendeddult patients (C). This guideline will be
updated to incorporate recommendations regardingtgetesting in adults as more studies become
available. In the meantime, it is recommended &haadult patients to be treated with cisplatin
receive audiometric testing befor e treatment initiation and at least one post-treatment follow-

up to monitor the occurrence of cisplatin-induced healoss.

3.3  How should patients undergoing cisplatin therapy be managed based on their genetic
test results?

The current endpoint for clinical intervention iis@atin therapy is moderate to severe, irreveesibl
hearing loss. By knowing in whom cisplatin hearings is likely to occur, clinicians have the
possibility to consider altering therapy or monitgr before hearing loss occurs. Importantly,
information gained from genetic testing should Beduin the context of the unique circumstances
of each individual patient to evaluate optimal tneent strategies, taking into consideration the
balance between risk of toxicity and potential icipaf management strategies on anti-tumour
efficacy of therapy and cancer survival. Post-tessitment options will vary based on cancer type
and should fall within the current guidelines atahdards for cancer care. In the future, additional
studies should be conducted to investigate thengiatef individualized interventions based upon a
patient’s cisplatin pharmacogenetic risk factors.

In Table 4, a breakdown of the risk genotypes feplatin ototoxicity and their interpretations is
provided. Based on the genetic variants currentigommended for pharmacogenetic testing,
patients who carnANY nonfunctional TPMT variant (*3A, *3B, *3C, *2) should be considered
at high risk of cisplatin-induced hearing loss. In these pasietine following management options
are recommended:

(1) Physicians are encouraged to consider the usetapfratectants (i.e. amifostine, sodium

thiosulfate) if the patient’s tumour type is one wehich otoprotectants may be effective to prevent
cisplatin-induced ototoxicity without adversely exdfing antitumour activity (C; see section 2.9 in
the supplementary materials, http://links.lww.co@M/A140, for a discussion of evidence on the

effectiveness of otoprotectants). Current standéichre guidelines for the respective tumour types
should be consulted to determine if otoprotectargésan option.

(2) Alternative treatments may be prescribed when thaye demonstrated equal efficacy,
manageable and acceptable toxicity, less ototgxiaitd are considered options within the current
standards of care (C). For example, studies heperted similar outcomes in pediatric germ cell
tumour patients treated using carboplatin, etogosidd bleomycin compared to treatment with
cisplatin, etoposide and bleomycin but with lesstmticity>>>* and treatment with carboplatin,
etoposide and bleomycin has been suggested astanative treatment in young childrénA
possible role for carboplatin has also been sugdastthe treatment of neuroblastoma, where one
study reported similar survival between patienteigng cisplatin therapy and patients receiving
partial substitution of cisplatin therapy with capttatirr®.
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In adult patients, the substitution to carboplasimot recommended as it is found to be inferior to
cisplatin in therapeutic effectiveness for sevénatours, such as testicular, bladder, head and neck
cancerd’. Oxaliplatin however, has been investigated aal@mnative to cisplatin in some tumour
types. For example, oxaliplatin-based regimens hagen recommended as an alternative to
cisplatin-based therapy for the treatment of adeengastric cancgt Studies have also reported
comparable outcomes to cisplatin-based therapy setlnced toxicity for advanced non-small-cell
lung cancer®.

Considerations: Several factors must be considered when consglaiternative treatments in
patients at high risk of cisplatin-induced ototatyic These include goals of treatment, patient and
physician preference, and socioeconomic considestiFor instance, the margin for acceptable
toxicity risk may be much lower for treatments theg merely palliative in nature versus those with
curative intent. In addition, patient preferenceyrpéay an important role in the decision to use an
alternative treatment. For example, a professionasician may not wish to risk any level of
ototoxicity. This lowered margin for acceptablekrialso holds true in the situation where
alternative, equally effective treatments are add, albeit at an increased financial or clinmadt.

(3) Where appropriate, physicians are encouragedctease monitoring in high-risk patients (C).
In these cases, increased monitoring may lead therealetection of hearing loss and allow
physicians to implement alternative methods oftinest earlier to prevent further damage, such as
the above recommendations. Similarly, managemeheafing loss (speech therapy, hearing aids)
may be initiated earlier to facilitate language elepment in children and minimize learning and
social difficulties associated with hearing loss.

(4) High risk patients should be encouraged toivecmore frequent follow-up audiometric hearing
tests after treatment has ended (C). These ardlyusiffered as standard care by medical service
plans.

Considerations: Current Children’s Oncology Group (COG) recommeintis for audiological
screening for children treated with cisplatin suggeat all subjects have full hearing testinghat t
conclusion of their treatment or at the transitiora survivorship clinic. No further hearing tesfi

at a later time point is recommended by the COGepixtn situations where there are specific
clinical concerns. Similarly, there are currently guidelines as to when audiogram hearing tests
should be conducted post therapy. However, theewidence that cisplatin can be isolated in the
inner ear 20 years post ther8pyMoreover, there are recent reports of late ohsetring loss
occurring  after treatment with cisplatin Therefore, additional and long-term follow-up
investigating hearing outcomes should be considerddgh-risk patients. In particular, follow-up
tests may be missed by patients living in remo&asr until severe hearing loss occurs, at which
time there are no preventative options to considdre optimal frequency and duration of
audiometric hearing tests post therapy remains ankrand requires further study.

4. FUTURE DIRECTIONS
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4.1  Standardized clinical classification of cisplatin-induced hearing loss

Currently, a major challenge in assessing cispiatiiniced ototoxicity is the lack of a standardized
grading scheme of patient hearing in all studies/efal different grading criteria are available,
which are inconsistently used to phenotype patiefitss can lead to discrepancies in research
findings and difficulties comparing results betwestndies as differences in the classification of
patients can significantly alter the results of association study. For clinical application, it is
essential to validate genetic findings in indepengatient cohorts for assessment of reprodugybilit
and generalizability. A standardized phenotypingthmeé would significantly facilitate accurate
replication studies, and enable cross-study corspamf research findings.

4.2  Analysesof associated variantsin additional patient populations

It is important to recognize that children and #sluhetabolize, distribute and eliminate certain
drugs differently, which could result in differegenetic variants being responsible for cisplatin-
induced toxicity. The importance of genetic riskiaats may also differ between treatments for
different malignancies due to differences in treaitmprotocols. However, due to limited sample
sizes it has been difficult to carry out subgromplgses to determine whether genetic associations
are specific to certain treatment protocols. Fameple, based on a recent sttidg possible impact

of concomitant amifostine or craniospinal irradation the association ofPMT and COMT
variants with cisplatin-induced hearing loss inldtgn requires further investigation to ascerthim t
impact of these confounding factors on genetic @ations. In addition, a majority of studies have
been carried out in populations of European angedthether these same genetic variants are also
associated in different patient populations witheotancestries still needs to be investigated. tbue
these potential differences between patient poijpmist the genetic testing recommendations
provided here currently apply only for cisplatiretapy in children. Studies in adult patients are
underway and are expected to become availableeiméar future to provide information on the
relevance of these gene variants in the adult pojpul.

ENREF 52

4.3  Predictive modeling to combine genetic and clinical risk factors

Multi-marker predictive models combine the effeatseveral genes and/or clinical factors into one
predicted outcome. Pussegoetaal. developed a predictive model that includes @@MT and
ABCC3 variants, along witffPMT variant®. In this model, based on currently available evige
the COMT and ABCC3 variants do not contribute to the prediction ofigrats at high risk of
cisplatin-induced ototoxicity (supplementary madks; http://links.lww.com/TDM/A140). Instead,
the model suggests that tBOMT and ABCC3 genotypes may enable the stratification of pasient
between intermediate and lower risk. However, @olthtl research is needed on how to optimally
incorporate genetic information from these genesimprove the prediction of low versus
intermediate risk patients, and on how to optimaltiyust therapy in these risk groups. For example,
whether patients at low risk need less intensivaitodng or could be treated with higher doses to
improve survival without increasing cisplatin-in@éualc hearing loss requires further investigation.
Furthermore, other genetic variants that demorstraproducible associations should also be
incorporated into risk prediction models in ordemlassess their optimal use for patient stratifocati

In addition to genetic factors, clinical factordeating the risk of ototoxicity should be included
such a predictive model. The evidence of cliniesk factors in cisplatin-induced deafness has not
been systematically reviewed in this guideline aisd therefore not included in current
recommendations. However, the combined inclusionclofical and genetic risk factors may
improve the stratification of patients at high risempared to using genetic risk factors alone.
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Ultimately, by including both clinical and genetactors into a model it may be possible to move to
a simple risk score-based model to classify patiaathigh, intermediate and low risk.

45  Prospective studies, alter native treatments, cost effectiveness

All genetic association studies for cisplatin-inddcototoxicity thus far have been retrospective.
The recommendations at this time are thereforecbasaetrospective evidence of clinical validity.
It will be important to prospectively investigateetclinical utility of these tests in the future. |
addition, prospective studies are needed to opéirtiiz real-world clinical utility (effectiveness) o
predictive pharmacogenetic testing by evaluatindjtamhal therapeutic options in high-risk patients
in the context of therapeutic effectiveness andepatsurvival. In particular, further studies are
needed to investigate the use of alternative médica (e.g. carboplatin, oxaliplatin), as well as
alternative administration routes (e.g. continuonfision vs. bolus) of cisplatin in high-risk
patients. For example, even though evidence isguobis regarding the overall risk of hearing loss
for continuous infusion vs. bolus administration @igplatirf?, it is possible that a different
administration route provides an advantage spedlidor patients with a genetically increased risk
for ototoxicity.

Similarly, it is important to conduct prospectiveals to confirm whether otoprotective agents are
effective in protecting against ototoxicity in alién treated with cisplatin and other platinum base
chemotherapy agents. Future trials should assegg lpatient cohorts stratified by genetic
ototoxicity risk factors for outcomes including timcity, anti-tumour efficacy, adverse effects and
quality of life. A few phase lll trials are curdyongoing in pediatric patients to assess whether
sodium thiosulfate (STS) and amifostine can prevedring loss in children while maintaining
efficacy of chemotherapy. Additional large clinicédials with amifostine, STS and other
otoprotective agents such as N-acetyl cyst@®C) and D-methionine should be carried out in
both adults and children with a variety of differémmour types to strengthen evidence and enable
conclusions about their effectiveness.

The provided recommendations only include clinigefions that fall within current standards of
care, such as increased monitoring and alternatieenotherapy drugs that are within standard
treatment protocols. In the future, new evidencg swpport the use of alternative cisplatin dosing
or new otoprotective strategies. The recommendsiiothis guideline are thus considered iterative,
and should continue to build upon new evidence essgenerated. Updates of recommendations are
planned on a regular basis to incorporate new eceleFinally, as genetic testing for cisplatin-
induced hearing loss is used more frequently, aluation of the cost-effectiveness of genetic
testing will become increasingly important and dddae performed.

5. METHODS

The same literature review, evidence appraisal, eommendation development process was
followed as described previouSly* In brief, a standard guideline development prscess
followed, in accordance with the quality criterizggested by the ppraisal of Gidelines_Research
and_Bvaluation Fterprise (AGREEY. Following a systematic literature search, critmapraisal of
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evidence was performed (Table 2), with specificstderations for quality and number of studies,
consistency of results and magnitude of the effRBeicommendations were developed during a
meeting of guideline development group memberd) wéch recommendation assigned a level of
strength, based upon the robustness of the undgriwidence, the balance between benefits and
risks of genetic testing and genotype-guided treatimas well as the likelihood of variability in a
patient’'s values and preferences (Table 3). Inteana external review by development group
members, subject experts and members of the indetadget audience was performed. A detailed
description of the literature search strategy i®viged in the Supplementary Materials
(http://links.lww.com/TDM/A140) along with furthedetails on the intended target audience and
scope of this document, and the recommendationa@avwent group.
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Box 1. Clinical risk factorsfor cisplatin-induced ototoxicity

Higher cisplatin cumulative dose and bolus admiafiin of cisplatin do$é ®® Total dose
also associated with severity; patients at ristenfeloping hearing loss in the speech
frequencies when doses exceed 400 my/m

Younger age at time of treatment, patients less fhgears of age have 20 times higher risk
compared to similarly treated older patiéhtége reported to have inverse relationship with
hearing loss severif§

Aminoglycoside antibiotics share similar toxicitsofile with cisplatin, causing
nephrototoxicity, neuropathy and ototoxicity

Cranial irradiation can cause irreversible healisg independently and with greater effect |n
combination with cisplatift >
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Table 1: Criteria used to determine the grade of cisplatin-induced hearing lossin patients

Grading GradeO Gradel Grade?2 Grade 3 Grade4
Scheme Norma Hearing Mild Hearing Loss Moderate Hearing Loss Severe Hearing Loss Severe Hearing Loss
i >
. <20 dB hearing . . 4 Hearing loss of = 40 dB
CTCAE Criteria loss &t 4l Hearing loss of > 20 dB Hearing lossof >20dB at 4 - Hearing loss of >20 dB al-8kHz
4.03" frequendies at 8 kHz 8 kHz a 2 - 8kHz
Brock Criterisf < 4?0288;2?'” g Hearing lossof >40dB Hearing lossof >40dB at 4 Hearing loss of >40 dB Hearing loss of >40 dB
requendies at 8 kHz kHz and above at 2 kHz and above at 1 kHz and above
Hearing loss >4 kHz, Hearing loss <4 kHz;
M uenster <10dBaadl  >10to<20dB atal 2205 >20d8B Mean hearing loss
Criteria®® frequencies frequencies 2a.>20to =40 dB 3a >20to =40 dB <4 kHz; >80 Db
2b: >40to =60 dB 3b: >40to =60 dB
2c: >60 dB 3c: >60 dB
Hearing loss of Hea:jing IOST(O‘( g
. 2a:>400dB at 4 kHz an
Chang Criteria® <20dBa 1,2, 161.; :g:g)jt‘%ﬁékgz 2bove Hearing loss of > 40 dB Hearing loss of > 40 dB
and dkHz Y 2b: >20 to< 40 dB below at 2 0r 3kHz at 1 kHz
4kHz
<20 dB hearing ;
Siop Bf)s'ltfn loss at all Hearing lossof >20 dB Hearing lossof >20dB a 4- Hearing loss of >20 dB Hearmag[]t Igioli':;'o dB
Criteria frequencies above 4 kHz 8 kHz a 2- 8kHz




Table 2: Grading scheme used for critical appraisal of evidence

Grade Results Description
it Consistent, Strong gener al conclusions can be drawn that are unlikely to
generaizable change based on further research

Consistent, but limited

Evidence allows general conclusions, but with reduced

+++  |quantity, quality or confidence; further research is likely to have an important
generalizability impact on confidence in conclusions
Inconsistent or . . .
. . No genera conclusions can be drawn or conclusions are likely
insufficient : :

++ . . to change based on further research, but current evidenceis
quantity/quality, .

. encouraging
encouraging
Inconsistent or . . .
insufficient No conclusions can be drawn or conclusions are likely to
+ change based on future studies, and current evidenceis

guantity/quality,
discouraging

discouraging




Table 3: Grading scheme used for clinical practice guidelines

Level |Strength Evidence basis
A Srong Based on strong scientific evidence; benefits clearly outweigh
risks
B | Moderate Based on reduced confidence scientific evidence and expert
opinion; benefits likely to outweigh risks
. Based mainly on expert opinion, for use with evidence
C  Optiondl development in aresearch context

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Table 4: Summary of genotype-based risk stratification

Tested Variant Genotype Frequency* Interpretation
TPMT*3C (rs1142345 i i in-
(rs ) 6/G Rare (<1%) Incr.eased risk of C|§|?Iat|n
induced Ototoxicity
Increased risk of Cisplatin-
_140
AG Infrequent (0-14%) induced Ototoxicity
AA Common (88-100%) Star?dard risk for Cl.splatm—
induced Ototoxicity
TPMT*3B (rs1800460) o Increased risk of Cisplatin-
AIA Rare (<1%) induced Ototoxicity
Increased risk of Cisplatin-
_100,
AG Infrequent (O induced Ototoxicity
G/G Common (89-100%) Star.ldard risk for Cl.splatm—
induced Ototoxicity
TPMT*3A haplotype o Increased risk of Cisplatin-
(rs1142345 + G/G + A/A Rare (<1%) induced Ototoxicity
rs1800460) Increased risk of Cisplatin-
_100
A/G+A/G Infrequent (0-10%) induced Ototoxicity
AJA +G/G Common (89-100%) Standard risk for Cisplatin-

induced Ototoxicity

* Range of allele and haplotype frequencies for worldwide ancestries
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