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Abstract

Background: The aim of this study is to evaluate the current state of ototoxicity monitoring for patients receiving
cisplatin chemotherapy in an academic medical center with particular attention to how closely monitoring adheres
to national ototoxicity guidelines.

Methods: Case series including retrospective medical records review of patients (age > 18) treated with cisplatin at
University of California Davis Medical Center between January 2014 and August 2017. Patient and ototoxicity
related variables were analyzed. Patients that underwent a transfer of care during treatment and with less than 3
months of follow-up were excluded.

Results: Three hundred seventy-nine patients met study criteria, of which 104 (27.4%) had a prior history of hearing
loss. Prior to treatment, 196 (51.7%) patients were counseled regarding the ototoxic nature of cisplatin and 92
(24.3%) patients had a pretreatment audiogram. During treatment, 91 (24%) patients had documented otologic
complaints. Only 17 patients (4.5%) patients had an audiogram ordered during their cisplatin treatment period. 130
(34.3%) patients had otologic complaints following cisplatin treatment. Audiograms were ordered for 20 (7.8%), 13
(5.1%), and 16 (6.2%) patients at 1-month, 3-month, and 6-month follow-ups, respectively. No patients in the study
cohort received baseline, treatment, and post-treatment audiograms as recommended by national ototoxicity
monitoring protocols. Patients with Head and Neck Cancer (HNC) represented the largest subgroup that received
cisplatin (n =122, 32.2%) and demonstrated higher rates of ototoxicity counseling (n =103, 84.4%) and
pretreatment audiograms (n =70, 57.4%) compared to the non HNC group (n =36, 36.2%, P < 0.0001 and n =22,
8.5%, P < 0.0001).

Conclusions: There is poor adherence to national ototoxicity monitoring guidelines at a large academic medical
center. This is a missed opportunity for intervention and aural rehabilitation. Improved education and collaboration
between otolaryngology, audiology, and medical oncology is needed to develop and promote an effective
ototoxicity-monitoring program.
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Introduction

Platinum-based agents are standard curative and pallia-
tive chemotherapies used for a wide range of malignan-
cies in both the pediatric and adult population.
Ototoxicity, the hearing disorder that results from tem-
porary or permanent inner ear dysfunction after treat-
ment with an ototoxic drug, is a well-documented side
effect of platinum-based agents. Cisplatin is considered
one of the most ototoxic pharmacologic agents, typically
causing bilateral high frequency sensorineural hearing
loss with progression to lower frequencies with contin-
ued exposure. The potential for permanent bilateral sen-
sorineural hearing loss and tinnitus can occur both
during treatment and up to 136 months after therapy
completion [1-8] with an incidence of 20—-84% [9, 10].

The hearing loss caused by cisplatin is due to degener-
ation of the cochlear hair cells, supporting cells, spiral
ganglion cells and marginal cells of the stria vascularis.
The outer hair cells are damaged before the inner hair
cells and cisplatin damage occurs in a relatively orderly
manner from base (high frequency) to apex (low fre-
quency) destruction. A main mechanism of cisplatin oto-
toxicity is associated with the production of free radicals
[5, 6, 11-13]. The degree of hearing loss has been associ-
ated with cumulative dosing of platinum agents, dur-
ation of treatment, concurrent treatment with
radiotherapy, history of noise exposure, and method of
administrations (bolus versus infusion) [1, 3, 6, 9-15].
Evidence also suggests a genetic component to the risk
factors for cisplatin-induced ototoxicity, with an esti-
mated 38-47% [16] of individual variability linked to
polymorphisms in genes encoding DNA repair enzymes
and membrane pumps [11-13, 16, 17].

Hearing loss has considerable quality of life implica-
tions, with notable effects on a patient’s social and emo-
tional needs [4, 6, 18, 19]. These impacts include safety
concerns [6], communication ability [4, 6, 18], increased
rates of depression, anxiety and social isolation [4, 6, 10,
18], and higher incidence of hospital admission [20],
compounding what is already experienced by patients di-
agnosed with a critical illness [4, 10]. Ototoxicity moni-
toring programs can to a large extent avert the reduced
quality of life as a result of hearing loss, since at-risk pa-
tients can be identified early, counselled, monitored and
managed appropriately through a logical and systematic
way [5].

Ototoxicity monitoring guidelines including those
from the American Speech and Hearing Association
(ASHA), and American Academy of Audiology (AAA)
[21], outline an idealistic approach for ototoxicity moni-
toring programs [6, 10]. ASHA and AAA Guidelines,
established in 1994 and 2009 respectively, provide a set
of broad goals for monitoring for ototoxicity including
performing pretreatment baseline evaluation and
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counseling, monitoring visits at intervals to document
hearing loss progression and follow up evaluations to de-
termine post treatment effects. Audiometric criteria de-
fining an ototoxic hearing shift are defined with
guidelines outlining the grades of ototoxic change. Oto-
toxicity typically begins in the frequencies above 8000
Hz and progresses to lower speech frequencies. There-
fore, ASHA and AAA recommend that baseline assess-
ment should include behavioral measures such as pure-
tone audiometry (PTA) from 250 Hz to 8000 Hz and
high-frequency audiometry (HFA) from 9000 Hz to 20,
000 Hz, plus objective measures such as distortion prod-
uct of otoacoustic emissions (DPOAEs) and tympano-
metry, along with self-evaluating questionnaires [22].

Recent concerns have been raised that ototoxicity
monitoring is an inconsistent practice and barriers to
implementation of a monitoring program include failure
to enroll patients in the program, patients lost to follow-
up, and baseline and monitoring tests not being con-
ducted within the pertinent time windows [4]. Konrad-
Martin et al. investigated five ototoxicity monitoring
programs (OMPs), outlining how patients in each OMP
were identified and followed and specific barriers to ef-
fective monitoring in each program. Effective ototoxicity
monitoring guidelines are essential as there are no
known pharmacologic preventive or treatment strategies
for cisplatin-induced ototoxicity that are effective with-
out diminishing the antineoplastic efficacy of the drug
[11]. To better assess adherence to available ototoxicity
monitoring recommendations, the current state of oto-
toxicity monitoring for adult patients receiving cisplatin
at a large academic institution was evaluated.

Material and methods

This study was approved by the UC Davis Institutional
Review Board. We reviewed the medical records of adult
patients (> 18) identified by the UC Davis pharmacy as
having received cisplatin between January 2014 and Au-
gust 2017. Demographic and clinical data collected in-
cluded age, gender, type of malignancy being treated,
curative versus palliative treatment goal, number of
intended treatments, cumulative dose of cisplatin and
history of alcohol and tobacco abuse, prior head and
neck radiation, and hearing loss prior to treatment. Add-
itional clinical characteristics collected included ototox-
icity counselling received prior to treatment,
pretreatment audiogram, otology complaints during and
after treatment, and audiology monitoring and Otolaryn-
gology and/or Audiology referrals obtained during treat-
ment and after completion of treatment. Audiometric
testing was defined as any patient who received conven-
tional or extended high frequency audiometry or oto-
acoustic emissions.
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Patient audiograms were analyzed with an adult grad-
ing scale from the National Cancer Institute (NCI) com-
mon terminology criteria for adverse events [23] . Of
note, in order to use the NCI common terminology cri-
teria for adverse events grading scale, a baseline audio-
gram is needed.

Summary analysis for the study cohort was performed.
Differences in ototoxicity monitoring between patients
receiving cisplatin for a head and neck malignancy ver-
sus non-head and neck malignancy were compared
using Pearson chi-squared and Fisher exact tests. A sig-
nificance value of p < 0.01 was used.

Results

Characteristics of cohort

We reviewed 485 patient medical records. One hundred
and seven patients were excluded because of the follow-
ing criteria: Patients had a transfer of care during treat-
ment, less than 3 months of follow up after treatment
completion, or death during or within 3 months after
treatment.

Three hundred seventy-nine patients met study cri-
teria with a mean age of 55years (range 18-90) at the
beginning of treatment. 60% of patients identified as
male and 40% as female. Patients were treated for a wide
range of malignancies with the majority being head and
neck (122), gynecologic (74), urologic (70), and lung
(51). Treatment was with curative intent in most pa-
tients, with a small subset undergoing palliative chemo-
therapy (17.2%). Sixteen patients (4.2%) had a known
history of prior radiation to the head and neck and 204
(53.8%) patients received concurrent radiation treatment.
102 (27.4%) patients had a history of hearing loss docu-
mented in the medical record prior to treatment.
(Table 1: Patient Demographics and  Clinical
Characteristics).

Ototoxicity monitoring

Prior to initiation of cisplatin chemotherapy, 51.7% of
patients had documented counseling regarding the oto-
toxic nature of the agent. In the pre-treatment period,
an audiogram was ordered for 92 (24.2%) patients, with
83 (90.2%) performed. Seventy-three of the 92 (79.3%)
audiograms ordered were indicated to be for the purpose
of ototoxicity monitoring (Table 2).

During the cisplatin treatment period, 91 (24%) pa-
tients had documented otologic complaints including
hearing loss (n =25), tinnitus (n = 38), or both (n =28).
In patients with otologic complaints, 66 (72.5%) had no
change in their treatment regimen. 13 (14.3%) patients
received a change in dose, 6 (6.6%) had a change in drug,
and chemotherapy was terminated in 6 (6.6%) patients.
During the treatment period, only 15 (16.4%) patients
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Table 1 Patient Demographics and Clinical Characteristics

Characteristic N (%)
Sex
Male 216 (60)
Female 163 (40)
Malignancy type
Breast 3(08)
Central Nervous System 12 3.2)
Gastrointestinal 32 (84)
Gynecologic 74 (19.5)
Head & Neck 122 (32.2)
Hematologic 3(0.8)
Lung 51 (13.5)
Sarcoma 7 (1.8)
Skin 5(13)
Urologic 70 (18.5)
Treatment intent
Curative 305 (80.5)
Palliative 65 (17.2)
Unknown 9 (2.3)
History of Prior Radiation to Head and Neck
Yes 16 (4.2)
No 312 (823)
Unknown 51 (13.5)
Concurrent Radiation Treatment
Yes 204 (53.8)
No 175 (46.2)
History of Hearing Loss prior to treatment
Yes 104 (274)
No 183 (48.3)
Unknown 92 (243)

were referred for audiogram in response to subjective
otologic complaints.

Using available audiograms, ototoxicity was graded
using the NCI common terminology criteria for adverse
events [23], 3 of the 15 (20%) patients with subjective
hearing complaints during the cisplatin treatment period
met criteria for an ototoxic hearing change (2 Grade II,
1 Grade III). For 4 patients, there was no baseline audio-
gram for comparison therefore grading of hearing loss
was not performed. Two patients were referred to an
Otolaryngologist for further evaluation.

At 1-month post-treatment, 130 (34.3%) patients had
documented otologic complaints of hearing loss (n =
50), tinnitus (n = 34), or both (n =46). Of these 130 pa-
tients, 19 (14.6%) were referred for audiogram and 12
(9.2%) were performed. Of these 12 patients, 7 (58.3%)
showed an ototoxic change (2 Grade II, 5 Grade III), 1
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Table 2 Current State of Ototoxicity Monitoring
All Malignancies
All Head and Non-Head and Neck (n =
malignancies Neck 257)
(n =379) (n =122)
N (%) N (%) N (%) P value*
Prior to treatment with cisplatin
Counselled about ototoxicity risk 196 (51.7) 103 (84.4) 93 (36.2) P <.0001
Baseline pre-treatment audiogram ordered 92 (24.3) 70 (57.4) 22 (8.5) P <.0001
During cisplatin treatment
Otologic Complaints 91 (24) 51 (41.8) 43 (16.7) P <.0001
Treatment changed following otologic complaints 25 (27.5) 15 (294) 10 23.2) P =.5010
Audiogram ordered during treatment 17 (4.5) 6 (5.0 11 4.3) **p =7937
Following cisplatin treatment
Otologic Complaints (total) 130 (34.2) 75 (61.5) 55 (40) P <.0001
1-month post-treatment audiogram 20 (7.8) 13 (10.6) 7.7) **P =.0024
3-month post-treatment audiogram 13 (5.1) 11 (9.0) 2 (0.8) **P =.,0001
6-month post-treatment audiogram 16 (6.2) 12 (9.8) 4 (1.6) **p = 0004
Audiogram or Otolaryngology Consult 6-24 months post 38 (15) 22 (18) 16 (6.2) P =.0003

treatment

*P value used to compare Head and Neck Cancer and Non-Head and Neck Cancer Groups. Significance level set at p <.01, and results are bolded if

statistically significant
**Fisher exact test statistic value

had no ototoxic change, and 4 patients had no baseline
audiogram available. 42% of patients who had an audio-
gram ordered were referred to the otolaryngology de-
partment. A consult for hearing aids or other additional
intervention was recommended for 7 of the 19 patients
who received an audiogram at the 1-month follow-up.
Only 1 patient of the 249 patients without otologic com-
plaints received an audiogram at 1-month follow-up for
monitoring purposes.

At 3-month and 6-month follow-up, 13 and 16 audio-
grams were ordered, respectively. Of the 112 patients
that were followed for a duration of 24 months or lon-
ger, 32 patients (28.6%) received at least 1 post-
treatment audiogram.

No patients in the study cohort underwent baseline,
during treatment, and post-treatment audiograms as rec-
ommended in both the ASHA and AAA ototoxicity
monitoring protocols.

Ototoxicity monitoring by malignancy type

Of all cancer sites receiving cisplatin, patients with head
and neck cancer (HNC) represented the largest sub-
group, 122 of the 379 patients (32.2%). Patients with
HNC had higher rates of ototoxicity counselling (84.4%
versus 36.2%) and pretreatment audiograms (57.4% ver-
sus 8.6%) compared to patients with non-head and neck
malignancies (P <.0001). Overall, patients with gyneco-
logic malignancies (n = 74) had the lowest rates of docu-
mented counseling regarding the ototoxic risks of

cisplatin chemotherapy (16.2%, p <0.0001) and none of
these patients received pretreatment audiograms. HNC
patients also had more documented otologic complaints
during (41.8% versus 16.7%) and following (61.2% versus
21.4%) cisplatin treatment period (P <.0001). 6 of the 17
patients (35.3%) who were referred for an audiogram
during treatment were being treated for HNC.

Discussion
According to the American Cancer Society, an estimated
1.8 million people in the United States will be newly di-
agnosed with cancer this year and most will live follow-
ing their diagnosis and treatment (American Cancer
Society, 2020). The 5-year survival rate for all cancers in
the U.S. is 67.4% (2010-2016) [24]. Platinum-based
drugs are the chemotherapeutic agents of choice for the
treatment of many cancers; approximately half of all pa-
tients undergoing chemotherapeutic treatment receive a
platinum drug [25]. Ototoxic side effects of cisplatin
chemotherapy, including hearing loss and tinnitus, can
have profound consequences on a patient’s social, educa-
tional, and vocational status. An effective ototoxicity
monitoring program detects cochlear injury prior to a
patient subjectively reporting hearing loss or quality of
life detriments, allowing potential intervention to pre-
vent the progression of inner ear damage.

In 1994, the American Speech and Language Hearing
Association (ASHA) issued national ototoxicity monitor-
ing guidelines for patients receiving potentially ototoxic
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treatments [26]. The American Academy of Audiology
(AAA) issued a position statement and clinical practice
guidelines in 2009 regarding the necessity and imple-
mentation of ototoxicity monitoring [21]. Recommenda-
tions from both professional organizations include
comprehensive baseline testing, follow up evaluations
prior to cycles of platinum-based chemotherapy and fol-
low up audiometry after completion of treatment. Des-
pite the established clinical practice guidelines, anecdotal
evidence suggests that adherence to such recommenda-
tions is poor.

The options for reducing ototoxicity include reducing
the drug dose or switching to a less ototoxic agent. Sev-
eral clinical trials have demonstrated that lower dose cis-
platin regimens may have a significant impact in
reducing toxicity while maintaining efficacy in certain
subsets of patients [13]. Other studies have demon-
strated a change of cisplatin to carboplatin in combin-
ation with radiotherapy to avoid serious toxicities such
as renal toxicity, and neurotoxicity has led to positive re-
sults with regards to patient outcome or overall survival
[1]. Further studies are needed to examine ototoxicity
and survival outcomes with any change in current treat-
ment regimen. In addition, much work is currently being
put into finding ways to protect the inner ear from the
ototoxic effects of platinum-based agents. Although
some results are promising, no agent is currently recom-
mended for routine use.

Routine monitoring with audiograms for early detec-
tion of changes in hearing status inform adjustments to
treatment plans, initiation of aural rehabilitation, and
mitigation to impact on patient quality of life [4]. To our
knowledge, this study is the first to evaluate ototoxicity
monitoring practices in one large academic institution.
The findings reflect very poor adherence to ototoxicity
monitoring recommendations as compared to ASHA
and AAA clinical practice guidelines.

There are differences in ototoxicity monitoring in
HNC patients compared to those with other malignan-
cies. These included more pretreatment ototoxicity
counseling and increased pretreatment audiograms. It’s
plausible that these higher rates were observed in pa-
tients seen by Otolaryngologists who keenly understand
ototoxicity risk and the impacts of sensorineural hearing
loss. Of note, the patients with HNC also had the great-
est number of documented otologic complaints during
and after treatment. Such patients are at greater risk for
otologic toxicity, given the proximity of the malignancy
to the auditory system, and therefore side effects from
surgery and radiation, with the cochlea being an exquis-
itely radiosensitive organ [27]. Furthermore, head and
neck surgeons, and potentially head and neck oncolo-
gists, are more accustomed and possibly more likely to
inquire about and act upon otologic symptoms.
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Regardless, while HNC patients received better ototox-
icity monitoring, patterns were still very poor.

In view of advances in early cancer detection, support-
ive care and treatment, there are more than 13.7 million
cancer survivors, comprising 4% of the United States
population with the number expected to increase 2% an-
nually [28, 29]. For many patients these marked im-
provements in survival have been countered by serious
therapy adverse effects. These include sequalae such as
permanent hearing loss that can impair functional status,
workplace productivity and overall quality of life. Hear-
ing aids are often the initial intervention for hearing loss
in the setting of ototoxicity and primarily allow for
sound amplification [30, 31]. Difficulties with voice dis-
crimination, particularly in noisy environments is com-
mon amongst hearing aid users as normal hearing
cannot be restored [31]. Other limitations of hearing
aids include affordability and the stigma associated with
their use [30]. It should also be acknowledged that audi-
ologic rehabilitation may not the predominant priority
for patients with an oncologic history given required
follow-up for recurrence surveillance and additional se-
quela. These findings highlight opportunities to improve
monitoring and interventions for cancer patients receiv-
ing potentially ototoxic chemotherapy.

A successful ototoxicity monitoring program involves
a multidisciplinary effort of oncology, audiology, phar-
macy, and otolaryngology that is integrated into patient
care pathways [4]. Clear communication and documen-
tation as well as standardized timelines for screening are
critical. Possible improvements include implementation
of a system-wide ototoxicity monitoring program using
built-in ordering prompts for ototoxic medications and
using portable audiogram technologies to reduce the
burden of additional testing appointments in the audi-
ology office. A recent model that can predict posttreat-
ment hearing loss prior to radiotherapy and cisplatin
treatment initiation in patients with HNC (sensitivity
80%, specificity 75%) may also support in counseling pa-
tients of the risks of therapy [32]. Furthermore, wide-
spread auditing of adherence to ototoxicity monitoring
guidelines is important for establishing improved pat-
terns of care. Until new otoprotective cancer therapies
are established and the incidence of ototoxicity can be
reduced, harm minimization via effective monitoring
and rehabilitation must be optimized.

This study does have several limitations; Only patients
receiving cisplatin were included in the study population
despite other well-known commonly prescribed ototoxic
agents including other platinum based antineoplastic
drugs and certain aminoglycosides. Furthermore, pa-
tients under the age of 18 were not included in this
study thus limiting generalizability of findings to ototox-
icity monitoring in the adult population. Given data was
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obtained through a retrospective medical chart review,
poor documentation can introduce bias into the results.
Finally, this study included patients from a single aca-
demic medical center, which may not be representative
of national trends in ototoxicity monitoring. However,
given these finding we would encourage other academic
medical centers to assess their own ototoxicity monitor-
ing protocols. Further studies will be needed to investi-
gate otolaryngologist’s attitudes, knowledge, and
perception of ototoxicity monitoring as well as perceived
adherence to ototoxicity monitoring programs at their
respective institution.

Conclusion

Despite well-established ototoxicity monitoring guide-
lines, it seems that clinical practice may not reflect these
recommendations. However, there is minimal data de-
tailing actual ototoxicity monitoring in patients receiving
platinum chemotherapeutics. The present findings sug-
gest poor adherence to national recommendations in a
large academic center. They underscore the need for im-
proved education and collaboration between disciplines
to develop and promote an effective ototoxicity-
monitoring program. Expeditious identification of oto-
toxicity holds for potential for improved interventions,
aural rehabilitation, and quality of life in patients with
critical illnesses.

Abbreviations

AAA: American Academy of Audiology; ASHA: American Speech and Hearing
Association; DPOAEs: Distortion product of otoacoustic emissions; HFA: High-
frequency audiometry; HNC: Head and Neck Cancer; NCI: National Cancer
Institute; UC: University of California

Acknowledgements
None.

Authors’ contributions

NS was involved in the study design, data collection and analysis of the data,
drafting/revising the manuscript. BG was involved in the study design and
revising the manuscript. Rl was involved in the study design. MK was
involved in the analysis of the data and manuscript editing. MS was involved
in the study conception, data analysis, and editing the manuscript. DA was
involved in the study conception and design, interpretation of the data,
drafting and revising the manuscript. All authors read and approved the final
manuscript.

Funding
No funding was received for this study.

Availability of data and materials
The data generated and analyzed during the study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
An IRB waiver (IC: 1123859-1) was obtained for this study.

Consent for publication
Not applicable.

(2021) 50:19

Page 6 of 7

Competing interests
The authors declare that they have no competing interests.

Author details

'Oregon Health and Science University, School of Medicine, Portland, OR,
USA. “University of California Davis Department of Otolaryngology-Head and
Neck Surgery, 2521 Stockton Blvd,, Sacramento, CA 95817, USA. *University of
California Davis Medical Center, Sacramento, CA, USA. 4University of
California Davis Department of Internal Medicine — Hematology/Oncology,
Sacramento, CA, USA.

Received: 3 December 2020 Accepted: 22 February 2021
Published online: 25 March 2021

References

1. Caballero MMP, Reig S, Buxo E, Navarrete P, Blanch JL, Grau JJ. The role of
audiometry prior to high-dose cisplatin in patient with head and neck
Cancer. Oncology. 2017;93(2):75-82. https://doi.org/10.1159/000468522.

2. Steffens LVK, O'Beirne GA, Kelly-Campbell R, Gibbs D, Bird P. The current
state of otoxocicity monitoring in New Zealand. N Z Med J. 2014;127(1398):
84-97.

3. Garinis AC, Cornell A, Allada G, Fennelly KP, Maggiore RJ, Konrad-Martin D.
Ototoxicity monitoring through the eyes of the treating physician:
Perspectives from pulmonology and medical oncology. Int J Audiol. 2018;
57(sup4):S19-S24.

4. Konrad-Martin D, Poling GL, Garinis AC, et al. Applying U.S. national
guidelines for ototoxicity monitoring in adult patients: perspectives on
patient populations, service gaps, barriers and solutions. Int J Audiol. 2018;
57(sup4):S3-S18.

5. Fetoni AR, Ruggiero A, Lucidi D, de Corso E, Sergi B, Conti G, Paludetti G.
Audiological monitoring in children treated with platinum chemotherapy.
Audiol Neurootol. 2016;21(4):203-11. https//doi.org/10.1159/000442435.

6. Paken J, Govender CD, Pillay M, Sewram V. A review of cisplatin-associated
ototoxicity. Semin Hear. 2019;40(2):108-21. https://doi.org/10.1055/5-0039-1
684041.

7. Bertolini P, Lassalle M, Mercier G, Raquin MA, Izzi G, Corradini N, Hartmann
O. Platinum compound-related ototoxicity in children: long-term follow-up
reveals continuous worsening of hearing loss. J Pediatr Hematol Oncol.
2004;26(10):649-55. https://doi.org/10.1097/01.mph.0000141348.62532.73.

8. Knight KR, Kraemer DF, Neuwelt EA. Ototoxicity in children receiving
platinum chemotherapy: underestimating a commonly occurring toxicity
that may influence academic and social development. J Clin Oncol. 2005;
23(34):8588-96. https://doi.org/10.1200/JC0O.2004.00.5355.

9. Paken J, Govender CD, Sewram V. Research protocol: cisplatin-associated
ototoxicity amongst patients receiving cancer chemotherapy and the
feasibility of an audiological monitoring program. BMC Womens Health.
2017;17(1):129-9. https://doi.org/10.1186/512905-017-0486-8.

10.  Fausti SA, Henry JA, Schaffer HI, Olson DJ, Frey RH, Bagby GC Jr. High-
frequency monitoring for early detection of cisplatin ototoxicity. Arch
Otolaryngol Head Neck Surg. 1993;119(6):661-6. https://doi.org/10.1001/a
rchotol.1993.01880180081015.

11, Karasawa T, Steyger PS. An integrated view of cisplatin-induced
nephrotoxicity and ototoxicity. Toxicol Lett. 2015;237(3):219-27. https://doi.
org/10.1016/j.toxlet.2015.06.012.

12. Lee JWPK, Rassekh SR, Monzon JG, Liu G, Hwang S, Bhavsar AP, Pritchard S,
Ross CJ, Amstutz U, Carleton BC. CPNDS clinical recommendations group.
Clinical practice recommendations for the management and prevention of
cisplatin-induced hearing loss using Pharmacogenetic markers. Ther Drug
Monit. 2016;38(4):423-31. https://doi.org/10.1097/FTD.0000000000000298.

13. Teft WA, Winquist E, Nichols AC, Kuruvilla S, Richter S, Parker C, Francis P,
Trinnear M, Lukovic J, Bukhari N, Choi YH, Welch S, Palma DA, Yoo J, Kim RB.
Predictors of cisplatin-induced ototoxicity and survival in chemoradiation
treated head and neck cancer patients. Oral Oncol. 2019;89:72-8. https://doi.
0rg/10.1016/j.oraloncology.2018.12.010.

14.  Dille MF, Wilmington D, McMillan GP, Helt W, Fausti SA, Konrad-Martin D.
Development and validation of a cisplatin dose-ototoxicity model. J Am
Acad Audiol. 2012;23(7):510-21. https.//doi.org/10.3766/jaaa.23.7.3.

15. Bokemeyer C. Current trends in chemotherapy for metastatic
nonseminomatous testicular germ cell tumors. Oncology. 1998;55(3):177-88.
https://doi.org/10.1159/000011854.


https://doi.org/10.1159/000468522
https://doi.org/10.1159/000442435
https://doi.org/10.1055/s-0039-1684041
https://doi.org/10.1055/s-0039-1684041
https://doi.org/10.1097/01.mph.0000141348.62532.73
https://doi.org/10.1200/JCO.2004.00.5355
https://doi.org/10.1186/s12905-017-0486-8
https://doi.org/10.1001/archotol.1993.01880180081015
https://doi.org/10.1001/archotol.1993.01880180081015
https://doi.org/10.1016/j.toxlet.2015.06.012
https://doi.org/10.1016/j.toxlet.2015.06.012
https://doi.org/10.1097/FTD.0000000000000298
https://doi.org/10.1016/j.oraloncology.2018.12.010
https://doi.org/10.1016/j.oraloncology.2018.12.010
https://doi.org/10.3766/jaaa.23.7.3
https://doi.org/10.1159/000011854

Santucci et al. Journal of Otolaryngology - Head and Neck Surgery (2021) 50:19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

6.

M. Eileen Dolan KGN, Ramamoorthy Nagasubramanian, Xiaolin Wu, Mark J.
Ratain, Edwin H. Cook Jr. and Judith A. Badner. Heritability and Linkage
Analysis of Sensitivity to Cisplatin-Induced Cytotoxicity. Cancer Research.
June 15 2004;64:4353-4356.

Drogemoller B, Wright GEB, Lo C, et al. Pharmacogenomics of cisplatin-
induced ototoxicity: successes, shortcomings, and future avenues of
Research. Clin Pharmacol Ther. 2019;106(2):350-9. https://doi.org/10.1002/
Cpt.1483.

Mulrow CD, Aguilar C, Endicott JE, Velez R, Tuley MR, Charlip WS, Hill JA.
Association between hearing impairment and the quality of life of elderly
individuals. J Am Geriatr Soc. 1990;38(1):45-50. https://doi.org/10.1111/j.1
532-5415.1990.tb01595.x.

Wiley TL, Cruickshanks KJ, Nondahl DM, Tweed TS. Self-reported hearing
handicap and audiometric measures in older adults. J Am Acad Audiol.
2000;11(2):67-75.

Genther DJ, Betz J, Pratt S, Martin KR, Harris TB, Satterfield S, Bauer DC,
Newman AB, Simonsick EM, Lin FR, the Health, Aging and Body
Composition Study. Association between hearing impairment and risk of
hospitalization in older adults. J Am Geriatr Soc. 2015,63(6):1146-52. https://
doi.org/10.1111/jgs.13456.

Audiology AAo. American Academy of Audiology position statement and
clinical practice guidelines: ototoxicity monitoring. October 2009.

Ganesan P, Schmiedge J, Manchaiah V, Swapna S, Dhandayutham S,
Kothandaraman PP. Ototoxicity: a challenge in diagnosis and treatment. J
Audiol Otol. 2018,;22(2):59-68. https://doi.org/10.7874/jac.2017.00360.
Reproduced from: Common Terminology Criteria for Adverse Events (CTCA
E) V, November 2017, National Institutes of Health, National Cancer Institute.
Available at:. In. https://ctep.cancer.gov/protocoldevelopment/electronic_a
pplications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf.

Surveillance Research Program NCI. SEER*Explorer: An interactive website for
SEER cancer statistics. https://seer.cancer.gov/explorer/. .

Galanski M, Jakupec MA, Keppler BK. Update of the preclinical situation of
anticancer platinum complexes: novel design strategies and innovative
analytical approaches. Curr Med Chem. 2005;12(18):2075-94. https://doi.
0rg/10.2174/0929867054637626.

Audiologic Management of Individuals Receiving Cochleotoxic Drug
Therapy. https://www.asha.org/policy/gl1994-00003.htm. Accessed.

Lambert EM, Gunn GB, Gidley PW. Effects of radiation on the temporal bone
in patients with head and neck cancer. Head Neck. 2016;38(9):1428-35.
https://doi.org/10.1002/hed.24267.

Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, Smith T, Cooper D, Gansler
T, Lerro C, Fedewa S, Lin C, Leach C, Cannady RS, Cho H, Scoppa S, Hachey
M, Kirch R, Jemal A, Ward E. Cancer treatment and survivorship statistics,
2012. CA Cancer J Clin. 2012,62(4):220-41. https://doi.org/10.3322/caac.2114
9.

Cancer survivors: living longer, and now, better. Lancet. 2004;364(9452):
2153-2154.

Nader ME, Gidley PW. Challenges of hearing rehabilitation after radiation
and chemotherapy. J Neurol Surg B Skull Base. 2019,80(2):214-24. https.//
doi.org/10.1055/5-0039-1677865.

Landier W. Ototoxicity and cancer therapy. Cancer. 2016;122(11):1647-58.
https://doi.org/10.1002/cncr.29779.

Schuette A, Lander DP, Kallogjeri D, Collopy C, Goddu S, Wildes TM, Daly M,
Piccirillo JF. Predicting hearing loss after radiotherapy and cisplatin
chemotherapy in patients with head and neck Cancer. JAMA Otolaryngol
Head Neck Surg. 2020;146(2):106-12. https.//doi.org/10.1001/jamaoto.2019.3
550.

Page 7 of 7

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1002/cpt.1483
https://doi.org/10.1002/cpt.1483
https://doi.org/10.1111/j.1532-5415.1990.tb01595.x
https://doi.org/10.1111/j.1532-5415.1990.tb01595.x
https://doi.org/10.1111/jgs.13456
https://doi.org/10.1111/jgs.13456
https://doi.org/10.7874/jao.2017.00360
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://seer.cancer.gov/explorer/
https://doi.org/10.2174/0929867054637626
https://doi.org/10.2174/0929867054637626
https://www.asha.org/policy/gl1994-00003.htm
https://doi.org/10.1002/hed.24267
https://doi.org/10.3322/caac.21149
https://doi.org/10.3322/caac.21149
https://doi.org/10.1055/s-0039-1677865
https://doi.org/10.1055/s-0039-1677865
https://doi.org/10.1002/cncr.29779
https://doi.org/10.1001/jamaoto.2019.3550
https://doi.org/10.1001/jamaoto.2019.3550

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Material and methods
	Results
	Characteristics of cohort
	Ototoxicity monitoring
	Ototoxicity monitoring by malignancy type

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

