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Head and neck squamous cell carcinoma

Over 3000 patients were diagnosed with head and neck squamous cell carcinoma 
(HNSCC) in the Netherlands in 2022. (1) HNSCC includes tumors of mucosal 
epithelium origin, involving different anatomic subsites, i.e. the oral cavity, nasal 
cavity, paranasal sinuses, pharynx (oropharynx, nasopharynx, hypopharynx) and 
larynx, see Figure 1. Due to potential interference of tumor growth with vital 
functions like speech and swallowing, choices of treatment for patients with 
HNSCC need to be individualized. According to national guidelines, treatment 
decisions are made in a multidisciplinary team with expert professionals from 
different specialties, as amongst others head and neck (reconstructive) surgery, 
radiation oncology, medical oncology, radiology, nuclear medicine, speech therapy, 
physical therapy, and pathology. To this respect, several factors are taken into 
account, including tumor (sub-)site, TNM classification, Human Papilloma Virus 
status1, and patient specific characteristics, such as age and comorbidities. (2) 
In broad terms, the main therapies for lower staged HNSCC are surgery or 
radiotherapy (RT). Locally advanced disease is generally treated with definite 
RT, which functions both as an organ preservation strategy and as a treatment 
modality for non-resectable disease. (2) In patients younger than 70 years old, RT 
is often combined with concomitant chemotherapy (CRT) using high-dose cisplatin 
(with a cumulative dose of ≥ 200 mg/m2).

Figure 1. Anatomic sub-sites of the head and neck area. 
Created by C.W. Duinkerken2

1 HPV tumors have a better prognosis. (2)
2 Maxillary and ethmoid sinuses are not depicted in this midsagittal view.

Cisplatin

Platinum-derivates, like cisplatin and carboplatin, play an essential role in the 
treatment of several solid cancers since the 1970’s. (3-5) Platinum causes cancer 
cell-death via intra- and inter-strand crosslinking with the tumour’s DNA purine 
bases. (4) In locally advanced HNSCC, concurrent cisplatin CRT gives an absolute 
6.5% overall survival benefit compared to RT alone (6), in which a cumulative 
cisplatin dose of ≥ 200 mg/m2 is needed to achieve a significantly increased 
anticancer efficacy when compared to RT alone. (7, 8) However, both the number 
of cycles of intravenous cisplatin administration and the cumulative cisplatin 
(or carboplatin) dose are limited due to dose-limiting toxicities. These include 
nephrotoxicity, nausea, vomiting, myelosuppression, neuropathy, and ototoxicity. 
(3, 9, 10) Nephrotoxicity can be prevented by intravenous hyperhydration. 
However, for ototoxicity and neuropathy (peripheral nerve toxicity) no standardized 
preventive or curative options are available yet.

Cisplatin-induced hearing loss

The clinical presentation of cisplatin-induced hearing loss (CIHL) is comprised of 
irreversible, dose-dependent, and symmetrical hearing loss. (3, 4, 11) It typically 
starts in the (ultra)high frequencies, but as treatment continues, hearing loss may 
progress to lower frequencies vital for the perception of speech [1 to 4 kHz hearing 
level (HL)]. As there is heterogeneity amongst studies in the used cisplatin dose and 
criteria for the definition of CIHL, it is hard to report on the exact incidence of CIHL. 
A meta-analysis, assessing over a million patients treated with high-dose cisplatin 
for various solid cancer types, reported that 43.17% of patients develops CIHL. 
(12) Nevertheless, also higher incidences up to 80% have been reported. (3, 13-15)

At molecular level, multiple processes are involved in the development of CIHL. (16, 
17) Cisplatin can enter the cochlea via the stria vascularis, which is a vascularized 
tissue that functions as a blood-labyrinth barrier, see Figure 2 (left and right). (17, 
18) The most widely known mechanism of CIHL is the destruction of the outer 
hair cells within the organ of Corti, see Figure 2 (left). (16, 17) Typically, this begins 
in the hair cells located at the basal cochlear windings, resulting in hearing loss 
at ultrahigh frequencies. With ongoing platinum therapy (and higher cumulative 
dose), the lower frequencies will be affected too, due to involvement of the apical 
windings. (3, 19, 20) Next, other cochlear cells may be damaged, including the inner 
hair cells, spiral ganglion, and stria vascularis. (16) The stria vascularis is responsible 
for cochlear homeostasis, which is needed for normal hearing, by generating the 
endolymphatic potential (+ 80mV) via potassium (K+) recycling, see Figure 2 (left). 
(17, 18) Furthermore, cisplatin induces hearing loss by the release of toxic reactive 
oxygen species (ROS). (16, 17) In addition, cisplatin can negatively impact the 
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cochlea’s own defense mechanism against ROS, as cisplatin reduces the cochlear 
availability of normally otoprotective endogenous antioxidants. (3, 4, 17, 21-23)

Figure 2. Anatomy of the inner ear. 
Left: a schematic cross-section through the human cochlea, depicting the different inner 
ear structures and the route of potassium (K+) recycling. Right (zoom): a schematic model of 
the cochlear capillaries, the three cell types of the stria vascularis, the spiral ligament, and 
the most important ion-transporters for K+-recycling. (24) Abbreviations: IHC: inner hair 
cell; OHC: outer hair cell;  PVM/Ms: perivascular-resident macrophage-like melanocytes.

Detection of (cancer-)therapy related hearing loss

In this thesis, pure tone audiometry was used for the detection of hearing loss. 
With this technique, pure tones at different sound intensities for the frequencies 
0.125 to 8 kHz (HL) are presented to the subject. Because CIHL usually starts 
at the ultrahigh frequencies, ultrahigh frequency audiometry - measuring the 
frequencies from 8 up to 20 kHz (in sound pressure level (SPL)) - was also 
performed. Audiometry is performed in a soundproof room. At each individual 
frequency, signals are presented in different sound intensities (from -10 dB up 

to +120 dB). The threshold (in dB) at which the person is able to hear the signal 
is plotted in an audiogram, see Figure 3. To detect therapy-related hearing loss, 
audiometry needs to be performed pre-treatment (baseline) and post-treatment 
(follow-up). In the studies included in this thesis, Pu re Tone Averages (PTAs) were 
calculated. The average hearing threshold at 1, 2, and 4 kHz in dB HL was used 
for the PTA relevant for the perception of speech in noise (further referred to as 
PTA 1-2-4 kHz). For the perception of ultra-high frequencies (needed for e.g. high-
pitched ring tones or high tones in music) we used the average hearing threshold 
at 8, 10, and 12.5 kHz in dB SPL (further referred to as PTA 8-10-12.5 kHz).
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While cure remains unquestionably the cornerstone of treating patients with HNSCC, there is growing 
focus on the improvement of post-treatment quality of life. As CIHL is characterized by irreversible 
hearing loss for which no treatment options are yet available, several research groups are still trying 
to find a preventive strategy to protect against CIHL. Different approaches, including both systemic 

Figure 3. Pure tone audiometry showing normal hearing (uninterrupted line) and hearing 
loss at high frequencies as seen in presbycusis or cisplatin-related hearing loss (dotted 
line). In this audiogram, hearing thresholds (in dB HL) for frequencies 0.125 up to 8 kHz 
are plotted. Abbreviations: dB: decibel; HL: hearing level; kHz: kilohertz.

Prevention of platinum-induced hearing loss

While cure remains unquestionably the cornerstone of treating patients with 
HNSCC, there is growing focus on the improvement of post-treatment quality of 
life. As CIHL is characterized by irreversible hearing loss for which no treatment 
options are yet available, several research groups are still trying to find a preventive 
strategy to protect against CIHL. Different approaches, including both systemic and 
topical (transtympanic) administration, have been explored in attempts to prevent 
from CIHL with varying successes. (12, 25-27) Among these, antioxidants have 
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arose as particularly promising, with the ability to counteract the damaging release 
of ROS by cisplatin. The antioxidant sodium thiosulfate (STS) also has the capacity 
to inactivate cisplatin by binding to its active form. (4, 18, 28) Encouraging effects of 
intravenous STS against CIHL were demonstrated in two phase III trials in children. 
(29, 30) Nevertheless, the clinical application of intravenous STS is limited due to its 
potential interference with cisplatin’s antitumor efficacy and potential side effects. 
(4, 29) The development of a topical approach is therefore needed.

Identification of patients that may suffer from CIHL

In order to select patients that may benefit from prophylaxis against CIHL, the 
identification of patient groups at risk for the development of CIHL is most 
important. Apart from cisplatin dose, several co-occurring risk factors for the 
development of CIHL have been reported. For patients with HNSCC, one of the 
most important risk factors is RT: a radiation dose to the cochlea of ≥ 30 Gray is 
known to cause clinically relevant hearing loss, which can be both sensorineural 
and conductive of origin. (13, 31)

Another risk factor for the development of CIHL is a favorable pre-treatment 
hearing level). (12, 14, 19, 20, 26, 32) Obviously, excellent hearing is mainly 
observed in younger patients who do not suffer from age-related hearing loss.

In addition, patients may have a genetic vulnerability for CIHL, as several sin gle-
nucleotide polymorphisms (SNPs) have been associated with increased CIHL. (33-
37) At a molecular level, cochlear melanoma antigen expression seems also to 
be involved in cancer therapy related hearing loss in patients treated with T cell 
receptor gene therapy against metastatic cutaneous melanoma. (38)

From a systemic point of view, vulnerability for cisplatin toxicity may vary pending 
on interindividual variabilities in the distribution of cisplatin into the tissues. As 
cisplatin mainly distributes to the fat-free mass, patients with a low skeletal muscle 
mass (sarcopenia) might experience higher peak dosages of cisplatin. Therefore, 
they are potentially at risk for platinum-related toxicities, including CIHL. (39)

At last, CIHL depends on the dose intensity of cisplatin. In the Netherlands, the 
standard of care CRT for HNSCC uses 3-weekly 100 mg/m2 cisplatin (on days 1, 22, 
and 43). Approximately 30% of cisplatin-treated patients suffer from dose-limiting 
toxicities. (40-42) In order to reduce toxicity and increase compliance to cisplatin 
therapy, recently, some Dutch centers have adapted their schedule and now employ 
weekly cisplatin infusions of 40 mg/m2 (during seven consecutive CRT weeks).

Remaining issues in cancer therapy related hearing loss

Based on preclinical models, topical application of STS as an otoprotector against 
CIHL seems promising. However, this approach needs to be investigated to learn 
whether transtympanic application of STS is safe and feasible in humans too. In 
addition, the pharmacokinetics of systemically available cisplatin after topical STS 
application needs to be assessed, to ensure that the anticancer effect of cisplatin 
is not compromised by transtympanic STS. Next, it would be desirable to identify 
which patients are most at risk for the development of clinically relevant CIHL, as 
these patients may require prophylaxis against CIHL in the future. Also, given the 
substantial developments in the field of cancer treatments, one should be aware 
of the option that hearing loss may also arise after new forms of cancer therapy, 
especially when inner ear structures are being targeted.
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AIM AND OUTLINE OF THIS THESIS

The general aim of this thesis is to move forward in the development of preventive 
strategies against CIHL.

To this respect, our first aim was to assess whether it is safe and feasible to use 
transtympanic STS injections to avoid systemic anti-cisplatin effects in a phase 
I randomized clinical trial (Chapter 2). The efficacy of this intervention will be 
studied in an upcoming multicenter phase III randomized clinical trial (protocol in 
Appendix II).

Our second aim was to identify patient-groups that may benefit from preventive 
strategies in the future: which patients are particularly at risk for the development 
of CIHL? To gain more insight into CIHL risk profiling the following studies were 
performed:

-	 Assessment of the extent of CIHL in young men with testicular cancer treated 
with high dose cis- or carboplatin for primary or recurrent disease (Chapter 3);

-	 Research into SNPs which might be related to the development of CIHL in 
patients treated for HNSCC (Chapter 4);

-	 HNSCC patient cohort data analysis to study whether pre-treatment sarcopenia 
is correlated to increased CIHL after treatment with cisplatin-based CRT 
(Chapter 5);

-	 Investigation of the difference in CIHL between two different cisplatin dose-
intensity CRT schedules for HNSCC (Chapter 6).

In the last part of this thesis, we present a novel form of cancer-therapy related 
hearing loss. We provided a rationale for severe sensorineural hearing loss with 
unilateral deafness that may occur during T-cell receptor gene therapy applied for 
metastatic melanoma (Chapter 7).

REFERENCES
1.	 Integraal Kankercentrum Nederland (IKNL), Incidentie hoofd-halskanker [Available from: 

https://iknl.nl/kankersoorten/hoofd-halskanker/registratie/incidentie.
2.	 De Felice F, Cattaneo CG, Franco P. Radiotherapy and Systemic Therapies: Focus on 

Head and Neck Cancer. Cancers (Basel). 2023;15(17).
3.	 Paken J, Govender CD, Pillay M, Sewram V. Cisplatin-Associated Ototoxicity: A Review 

for the Health Professional. J Toxicol. 2016;2016:1809394.
4.	 Callejo A, Sedo-Cabezon L, Juan ID, Llorens J. Cisplatin-Induced Ototoxicity: Effects, 

Mechanisms and Protection Strategies. Toxics. 2015;3(3):268-93.
5.	 Freyer DR, Chen L, Krailo MD, Knight K, Villaluna D, Bliss B, et al. Effects of sodium 

thiosulfate versus observation on development of cisplatin-induced hearing loss in 
children with cancer (ACCL0431): a multicentre, randomised, controlled, open-label, 
phase 3 trial. Lancet Oncol. 2017;18(1):63-74.

6.	 Pignon J-P, Maître Al, Maillard E, Bourhis J. Meta-analysis of chemotherapy in head 
and neck cancer (MACH-NC): An update on 93 randomised trials and 17,346 patients. 
Radiotherapy and Oncology. 2009;92(1):4-14.

7.	 Spreafico A, Huang SH, Xu W, Granata R, Liu CS, Waldron JN, et al. Impact of cisplatin 
dose intensity on human papillomavirus-related and -unrelated locally advanced head 
and neck squamous cell carcinoma. Eur J Cancer. 2016;67:174-82.

8.	 Strojan P, Vermorken JB, Beitler JJ, Saba NF, Haigentz M, Jr., Bossi P, et al. Cumulative 
cisplatin dose in concurrent chemoradiotherapy for head and neck cancer: A systematic 
review. Head Neck. 2016;38 Suppl 1:E2151-8.

9.	 Forastiere AA, Zhang Q, Weber RS, Maor MH, Goepfert H, Pajak TF, et al. Long-
term results of RTOG 91-11: a comparison of three nonsurgical treatment strategies 
to preserve the larynx in patients with locally advanced larynx cancer. J Clin Oncol. 
2013;31(7):845-52.

10.	Bauml JM, Vinnakota R, Anna Park YH, Bates SE, Fojo T, Aggarwal C, et al. Cisplatin 
Every 3 Weeks Versus Weekly With Definitive Concurrent Radiotherapy for Squamous 
Cell Carcinoma of the Head and Neck. J Natl Cancer Inst. 2019;111(5):490-7.

11.	Frisina RD, Wheeler HE, Fossa SD, Kerns SL, Fung C, Sesso HD. Comprehensive 
Audiometric Analysis of Hearing Impairment and Tinnitus After Cisplatin-Based 
Chemotherapy in Survivors of Adult-Onset Cancer. J Clin Oncol. 2016;35:2712-20.

12.	Dillard LK, Lopez-Perez L, Martinez RX, Fullerton AM, Chadha S, McMahon CM. Global 
burden of ototoxic hearing loss associated with platinum-based cancer treatment: A 
systematic review and meta-analysis. Cancer Epidemiol. 2022;79:102203.

13.	Schmitt NC, Page BR. Chemoradiation-induced hearing loss remains a major concern 
for head and neck cancer patients. Int J Audiol. 2018;57(sup4):S49-S54.

14.	Theunissen EA, Bosma SC, Zuur CL, Spijker R, van der Baan S, Dreschler WA, 
et al. Sensorineural hearing loss in patients with head and neck cancer after 
chemoradiotherapy and radiotherapy: a systematic review of the literature. Head Neck. 
2015;37(2):281-92.

15.	Trendowski MR, El Charif O, Dinh PC, Jr., Travis LB, Dolan ME. Genetic and Modifiable 
Risk Factors Contributing to Cisplatin-induced Toxicities. Clin Cancer Res. 2018.

16.	Li Y, Zhang T, Song Q, Gao D, Li Y, Jie H, et al. Cisplatin ototoxicity mechanism 
and antagonistic intervention strategy: a scope review. Front Cell Neurosci. 
2023;17:1197051.

17.	Wang X, Zhou Y, Wang D, Wang Y, Zhou Z, Ma X, et al. Cisplatin-induced ototoxicity: 
From signaling network to therapeutic targets. Biomed Pharmacother. 2023;157:114045.

1



18 19IntroductionChapter 1

18.	Tan WJT, Vlajkovic SM. Molecular Characteristics of Cisplatin-Induced Ototoxicity and 
Therapeutic Interventions. Int J Mol Sci. 2023;24(22).

19.	Lanvers-Kaminsky C, Zehnhoff-Dinnesen AA, Parfitt R, Ciarimboli G. Drug-induced 
ototoxicity: Mechanisms, Pharmacogenetics, and protective strategies. Clin Pharmacol 
Ther. 2017;101(4):491-500.

20.	Zuur CL, Simis YJ, Lansdaal PE, Hart AA, Schornagel JH, Dreschler WA, et al. Ototoxicity 
in a randomized phase III trial of intra-arterial compared with intravenous cisplatin 
chemoradiation in patients with locally advanced head and neck cancer. J Clin Oncol. 
2007;25(24):3759-65.

21.	Rybak LP, Whitworth CA, Mukherjea D, Ramkumar V. Mechanisms of cisplatin-induced 
ototoxicity and prevention. Hear Res. 2007;226(1-2):157-67.

22.	Karasawa T, Steyger PS. An integrated view of cisplatin-induced nephrotoxicity and 
ototoxicity. Toxicol Lett. 2015;237(3):219-27.

23.	Sheth S, Mukherjea D, Rybak LP, Ramkumar V. Mechanisms of Cisplatin-Induced 
Ototoxicity and Otoprotection. Front Cell Neurosci. 2017;11:338.

24.	Duinkerken CW, Rohaan MW, de Weger VA, Lohuis P, Latenstein MN, Theunissen EAR, 
et al. Sensorineural Hearing Loss After Adoptive Cell Immunotherapy for Melanoma 
Using MART-1 Specific T Cells: A Case Report and Its Pathophysiology. Otol Neurotol. 
2019;40(7):e674-e8.

25.	Laurell G. Pharmacological intervention in the field of ototoxicity. HNO. 2019;67(6):434-
9.

26.	Rybak LP, Mukherjea D, Ramkumar V. Mechanisms of Cisplatin-Induced Ototoxicity 
and Prevention. Semin Hear. 2019;40(2):197-204.

27.	Guthrie OW, Spankovich C. Emerging and established therapies for chemotherapy-
induced ototoxicity. J Cancer Surviv. 2023.

28.	Schroeder RJ, 2nd, Audlin J, Luo J, Nicholas BD. Pharmacokinetics of sodium thiosulfate 
in Guinea pig perilymph following middle ear application. J Otol. 2018;13(2):54-8.

29.	Brock PR, Maibach R, Childs M, Rajput K, Roebuck D, Sullivan MJ, et al. Sodium 
Thiosulfate for Protection from Cisplatin-Induced Hearing Loss. New England Journal 
of Medicine. 2018;378(25):2376-85.

30.	Freyer DR, Chen L, Krailo MD, Knight K, Villaluna D, Bliss B, et al. Effects of sodium 
thiosulfate versus observation on development of cisplatin-induced hearing loss in 
children with cancer (ACCL0431): a multicentre, randomised, controlled, open-label, 
phase 3 trial. The Lancet Oncology. 2017;18(1):63-74.

31.	Jereczek-Fossa BA, Zarowski A, Milani F, Orecchia R. Radiotherapy-induced ear toxicity. 
Cancer Treatment Reviews. 2003;29:417-30.

32.	Zuur CL, Simis YJ, Lansdaal PE, Rasch CR, Tange RA, Balm AJ, Dreschler WA. 
Audiometric patterns in ototoxicity of intra-arterial Cisplatin chemoradiation in patients 
with locally advanced head and neck cancer. Audiol Neurootol. 2006;11(5):318-30.

33.	Wheeler HE, Gamazon ER, Frisina RD, Perez-Cervantes C, El Charif O, Mapes B, et al. 
Variants in WFS1 and Other Mendelian Deafness Genes Are Associated with Cisplatin-
Associated Ototoxicity. Clin Cancer Res. 2017;23(13):3325-33.

34.	Vos HI, Guchelaar HJ, Gelderblom H, de Bont ES, Kremer LC, Naber AM, et al. 
Replication of a genetic variant in ACYP2 associated with cisplatin-induced hearing 
loss in patients with osteosarcoma. Pharmacogenet Genomics. 2016;26(5):243-7.

35.	Thiesen S, Yin P, Jorgensen AL, Zhang JE, Manzo V, McEvoy L, et al. TPMT, COMT and 
ACYP2 genetic variants in paediatric cancer patients with cisplatin-induced ototoxicity. 
Pharmacogenet Genomics. 2017;27(6):213-22.

36.	Drögemöller BI, Brooks B, Critchley C, Monzon JG, Wright GEB, Liu G, et al. Further 
Investigation of the Role of ACYP2 and WFS1 Pharmacogenomic Variants in the 
Development of Cisplatin-Induced Ototoxicity in Testicular Cancer Patients. Clin Cancer 
Res. 2018;24(8):1866-71.

37.	Teft WA, Winquist E, Nichols AC, Kuruvilla S, Richter S, Parker C, et al. Predictors of 
cisplatin-induced ototoxicity and survival in chemoradiation treated head and neck 
cancer patients. Oral Oncol. 2019;89:72-8.

38.	Johnson LA, Morgan RA, Dudley ME, Cassard L, Yang JC, Hughes MS, et al. Gene 
therapy with human and mouse T-cell receptors mediates cancer regression and targets 
normal tissues expressing cognate antigen. Blood. 2009;114(3):535-46.

39.	Chargi N, Molenaar-Kuijsten L, Huiskamp LFJ, Devriese LA, de Bree R, Huitema ADR. 
The association of cisplatin pharmacokinetics and skeletal muscle mass in patients with 
head and neck cancer: The prospective PLATISMA study. European Journal of Cancer. 
2021.

40.	Wendrich AW, Swartz JE, Bril SI, Wegner I, de Graeff A, Smid EJ, et al. Low skeletal 
muscle mass is a predictive factor for chemotherapy dose-limiting toxicity in patients 
with locally advanced head and neck cancer. Oral Oncol. 2017;71:26-33.

41.	Bril SI, Al-Mamgani A, Chargi N, Remeijer P, Devriese LA, de Boer JP, de Bree R. The 
association of pretreatment low skeletal muscle mass with chemotherapy dose-limiting 
toxicity in patients with head and neck cancer undergoing primary chemoradiotherapy 
with high-dose cisplatin. Head Neck. 2021;44(1):189-200.

42.	Beijer YJ, Koopman M, Terhaard CH, Braunius WW, van Es RJ, de Graeff A. Outcome 
and toxicity of radiotherapy combined with chemotherapy or cetuximab for head and 
neck cancer: our experience in one hundred and twenty-five patients. Clin Otolaryngol. 
2013;38(1):69-74.

1


