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Abstract

Background: Cisplatin is a chemotherapeutic agent that is widely used to treat a variety of malignant tumors. Serious dose-
limiting side effects such as ototoxicity, nephrotoxicity, and neurotoxicity are likely to occur with its use.

Aim of the study: The aim of the study was to do audiological evaluation of patients on cisplatin before and after chemotherapy
for squamous cell carcinomas of head and neck and analyze for hearing loss (HL).

Materials and Methods: A total of 46 patients undergoing cisplatin administration were included in the study. History taking,
preliminary ENT examination, and audiological evaluation with pure-tone audiometry were done. A pure-tone average (PTA) was
calculated using the speech frequencies (500, 1000, and 1500 kHz). High-frequency pure-tone audiometry was also done in all
patients to know the basal auditory threshold before starting cisplatin therapy. Baseline audiometry was done Prior to Chemotherapy
or at least 24 h after administration of Cisplatin. Monitoring audiometry was done before each cycle of Cisplatin therapy. Follow-up
audiometry was done 1, 3, and 6 months after chemotherapy. Dosage of cisplatin ranged from 50 mg to 115 mg with cumulative
dose ranging from 250 mg to 850 mg in all the patients. All the data were analyzed using standard statistical methods.

Observations and Results: Among 46 patients, there were 33 males and 13 females (28.26%) with a male-to-female ratio
of 2.53:1. Patients were aged between 45 years and 70 years and the mean age was 55.35 + 2.70 years. 22/46 (47.82%)
patients were in the range of 55-65 years age group followed by 15/46 (32.60%) patients who were in the 45-55 years
age group. 9/46 (19.56%) patients were in the 65-75 years age group. Patients of all age groups showed high-frequency
(3000 kHz—12,000 kHz) HL in the study group. The thresholds were found to be increasing from 35 dB to 59 dB with increasing
frequencies from 3000 kHz to 12,000 kHz.

Conclusions: In this study, all the patients showed significant evidence of severe mixed type of HL. The HL was significant in
all the age groups and in both the genders. Six months follow-up showed no recovery of HL presumable resulting in permanent
HL. Very few patients showed vestibular involvement. Audiometric monitoring may help to provide early evidence of decreased
hearing ability, leading to the possible limitation of the severity of ototoxicity.
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nasopharyngeal carcinoma appear to be very susceptible
to the interaction of cisplatin chemotherapy with cochlear
irradiation. Radiation doses greater than 48 Gy increased
the HL in these patients.”) However, radiation therapy to the
head-and-neck region with intensity-modulated radiation
therapy as for brain tumors, such as medulloblastoma, can
be modified using to reduce the doses of radiation to the
cochlea.”!” A recent study showed that patients receiving
<40 Gy radiations for head-and-neck malignancies did not
suffer from HL, but when these patients received additional
cisplatin as chemotherapy high-frequency HLL was noted. At
the end of the therapy, only 5% of patients showed HL on
audiograms, but follow-up of these patients for more than
2 years revealed HL in more than 44% of the patients.”
Additional follow-up for 6—44 months showed mild further
progression of HL of 10-15 dB after completion of
therapy.! The American Speech—Language—Hearing
Association!” recommends cost-effective ototoxicity
identification for any population receiving ototoxic
medication. The following should be considered: “(1) The
patient’s level of alertness or ability to respond reliably;
(2) the most appropriate times during the treatment protocol
for test administration; and (3) the test should comprise the
baseline, monitoring, and post-treatment evaluations.”!'” In
this context, a clinical study was undertaken by conducting
audiological evaluation of patients undergoing combined
or adjuvant chemotherapy using cisplatin for the treatment
of head-and-neck squamous cell carcinomas.

MATERIALS AND METHODS

A cross-sectional prospective and analytical study was
conducted by including 46 patients who were undergoing
cisplatin administration used as concurrent to radiotherapy
or adjuvant chemotherapy in a tertiary teaching hospital of
Telangana. An institutional ethical committee clearance was
obtained before the commencement of the study. An ethical
committee cleared consent letter was used for the study.

Inclusion Criteria

(1) Patients who were diagnosed as squamous cell carcinoma
of head-and-neck region were included. (2) Patients
receiving cisplatin as one of the drugs in chemotherapy
were only included. (3) Patients undergoing concurrent
radiotherapy were included. (4) Patients undergoing
adjuvant chemotherapy were included.

Exclusion Criteria

(1) Patients who are debilitated with malignancy were
excluded. (2) Patients with earlier ear pathology were
excluded. Patients with sensorineural deafness were
excluded. (3) Patients with uncontrolled diabetes mellitus,
hypothyroidism, and renal failure were excluded. All
the patients were subjected to thorough history taking,
preliminary ENT examination, and audiological evaluation
with pure-tone audiometry which were done. The patients
were questioned about hearing impairment; tinnitus or
vertigo before and after chemotherapy, and a record
was created. A pure-tone average (PTA) was calculated
using the speech frequencies (500, 1000, and 1500 kHz).
High-frequency pure-tone audiometry was also done in
all patients to know the basal auditory threshold before
starting cisplatin therapy. The pure-tone audiometry
was repeated after every cycle of chemotherapy with
cisplatin that is at the end of the 1%, 2™, and 3™ cycles.
An appropriate time interval for audiological assessments
depending on the frequency and dose of cisplatin was
undertaken. Baseline audiometry was done Prior to
Chemotherapy or at least 24 h after administration of
Cisplatin. Monitoring audiometry was done before each
cycle of Cisplatin therapy. Follow-up audiometry was done
1, 3, and 6 months after chemotherapy. Dosage of cisplatin
ranged from 50 mg to 115 mg with cumulative dose ranging
from 250 mg to 850 mg in all the patients. All the data were
analyzed using standard statistical methods.

OBSERVATION AND RESULTS

A total of 46 patients who were undergoing cisplatin
administration used as concurrent to radiotherapy or
adjuvant chemotherapy in a tertiary teaching hospital of
Telangana. Among the 46 (71.73%) patients, there were
33 males and 13 females (28.26%) with a male-to-female
ratio of 2.53:1. Patients were aged between 45 years
and 70 years and the mean age was 55.35 * 2.70 years.
22/46 (47.82%) patients were in the range of 55-65 years
age group followed by 15/46 (32.60%) patients who were
in the 45-55 years age group. 9/46 (19.56%) patients were
in the 6575 years age group [Table 1].

Patients in the age group of 6575 years showed HL with
mean PTA values of 55.65 £ 2.20 when compared to
basal audiometry values of 34.50 £ 2.85 dB which was

Table 1: The age, gender incidence, and basal audiometry (PTA) findings of the study group (n=46)

Age group in years (%) Male-33 (71.73%)

Female-13 (28.26%)

Basal audiometry (mean and SD of PTA)

45-55-15 (47.82) 11 (23.91)
55-65-22 (32.60) 16 (34.78)
65-75-9 (19.56) 6 (13.04)

4 (8.69) 22.4522.15 dB
6 (13.04) 26.3022.10 dB
3(6.52) 33.4542.85 dB

SD: Standard deviation, PTA: Pure-tone average
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statistically significant with P = 0.012 (P < 0.05). Patients in
the age group of 55-65 years showed HL with mean PTA
values of 50.25 * 4.30 when compared to basal audiometry
values of 25.60 £ 2.10 dB which was statistically significant
with P = 0.035 (P < 0.05). Patients in the age group of
45-55 years showed HL with mean PTA values of 45.25 £
2.15 when compared to basal audiometry values of 24.35
T 2.15 dB which was statistically significant with P = 0.041
(P < 0.05) [Table 2].

Patients of all age groups showed high-frequency
(3000 kHz-12,000 kHz) HL in the study group. The
thresholds were found to be increasing from 35 dB to
59 dB with increasing frequencies from 3000 kHz to
12,000 kHz. The actual mean air conduction values are
shown in Table 3.

Among the 46 patients, three patients complained of
tinnitus after the 1% cycle of cisplatin therapy. Two patients
complained or vertigo after the 2™ cycle that was treated
with medical management. The cumulative dose of
cisplatin was ranging from 225 mg to 800 mg/m?.

DISCUSSION

Ototoxicity due to cisplatin is well recorded in literature but
neglected by both the patients and the physicians unless the
severity of HL impairs the daily activities of the patient.
The HL is of bilateral nature and involves both the speech
frequencies and high frequencies equally. The HL is also
permanent in nature.'"? The high-frequency loss may be
due to susceptibility of basal turn of cochlea to cumulative
concentration of the drug cisplatin." It is postulated that
initially the higher frequencies are affected first; later,
progressively, the speech frequencies are affected resulting
in the subject’s hearing capabilities.” Rise in thresholds of
speech frequencies results in difficulty in discriminating
the consonant sounds of the speech, especially in

ambient noise." HL in speech frequencies would result in
clinical, behavioral, and psychological disorders resulting
in impairment in functional status, cognitive status,
depressive symptomatology, and disability.!"”” There are
many studies in literature revealing the high incidence
of permanent, and irreversible high-frequency bilateral
symmetrical loss in patients administered cisplatin for
various malignancies.""' In the present study, patients in
the age group of 65-75 years showed HL. with mean PTA
values of 55.65 £ 2.20 when compared to basal audiometry
values of 34.50 £ 2.85 dB which was statistically significant
with P = 0.012 (P < 0.05). Patients in the age group of
55-65 years showed HL with mean PTA values of 50.25 *
4.30 when compared to basal audiometry values of 25.60
+ 2.10 dB which was statistically significant with P = 0.035
(P <0.05). Patients in the age group of 45-55 years showed
HL with mean PTA values of 45.25 * 2.15 when compared
to basal audiometry values of 24.35 * 2.15 dB which was
statistically significant with P = 0.041 (P < 0.05). Patients
of all age groups showed high-frequency (3000 kHz—
12,000 kHz) HL in the study group. The thresholds were
found to be increasing from 35 dB to 59 dB with increasing
frequencies from 3000 kHz to 12,000 kHz. Literature
also shows that the vestibular end-organ degeneration
following the use of cisplatin,*" but in this study, there
only three patients who complained of tinnitus and two
patients who complained of vertigo. Tinnitus is reported
to occur in a progressive and dose-dependent manner.'!
In the present study, it was observed that patients who
were diagnosed as carcinoma nasopharynx and underwent
concurrent radiotherapy were administered high doses
of cisplatin >640 mg/m had severe HL. when compared
to other malignancies. This can be explained as the same
patients were subjected to curative doses of radiotherapy
also resulting in severe HL. Audiometric monitoring
may help to provide eatly evidence of decreased hearing
ability, leading to the possible limitation of the severity of
ototoxicity. Moreover, for some patients, it is possible that

Table 2: The audiological evaluation before and after cisplatin chemotherapy (n=46)

Age group Basal Audiometry after the 1t Audiometry after the 3 Audiometry after the 6 P-value

audiometry (mean month cycle: Mean and month cycle: Mean and month cycle: Mean and

and SD of PTA) SD PTA SD PTA SD PTA

45-55 years 24.35+2.15 dB 31.55+3.25 39.42+3.30 45.25+4.10 0.041
55-65 years 25.60+2.10 dB 39.10+4.15 42.75+3.55 50.25+4.30 0.035
65-75 years 34.50+2.85 dB 46.25+4.20 51.40+4.60 55.65+2.20 0.012
PTA: Pure-tone average
Table 3: The mean air conduction thresholds of high frequencies on audiometry (n=46)
Age group 3000 kHz 4000 kHz 5000 kHz 6000 kHz 8000 kHz 10,000 kHz 12,000 kHz
45-55 years 35.30+2.10 38.20+2.15 42.30+2.85 48.55+3.10 50.45+2.60 52.35+2.30 55.30+1.75
55-65 years 38.10+1.30 44.55+3.65 49.45+3.90 53.30+1.85 54.20+1.35 56.35+2.25 58.95+2.30
65-75 years 40.50£1.70 45.30+2.85 51.50+2.80 55.20+2.95 56.20+3.10 57.10+1.50 59.10+3.05
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the drug dosage may be modified. Despite these efforts,
ototoxicity will still occur after cisplatin administration.

CONCLUSIONS

In this study, all the patients showed significant evidence
of severe mixed type of HL. The HL was significant in
all the age groups and in both the genders. Six months
follow-up showed no recovery of HL presumable resulting
in permanent HL. Very few patients showed vestibular
involvement. Audiometric monitoring may help to provide
catly evidence of decreased hearing ability, leading to the
possible limitation of the severity of ototoxicity.

REFERENCES

1. Bokemeyer C, Berger CC, Hartmann JT, Kollmannsberger C, Schmoll HJ,
Kuczyk MA, et al. Analysis of risk factors for cisplatin-induced ototoxicity
in patients with testicular cancer. Br J Cancer 1998;77:1355-62.

2. Kopelman J, Budnick AS, Sessions RB, Kramer MB, Wong GY. Ototoxicity
of high-dose cisplatin by bolus administration in patients with advanced
cancers and normal hearing. Laryngoscope 1988;98:858-64.

3. Huang E, Teh BS, Strother DR, Davis QG, Chiu JK, Lu HH, et al. Intensity-
modulated radiation therapy for pediatric medulloblastoma: Early report on
the reduction of ototoxicity. Int J Radiat Oncol Biol Phys 2002;52:599-605.

4.  Reddel RR, Kefford RF, Grant JM, Coates AS, Fox RM, Tattersall MH,
et al. Ototoxicity in patients receiving cisplatin: Importance of dose and
method of drug administration. Cancer Treat Rep 1982;66:19-23.

Chen SH, Liang DC, Lin HC, Cheng SY, Chen LJ, Liu HC, et al. Auditory
and visual toxicity during deferoxamine therapy in transfusion-dependent
patients. J Pediatr Hematol Oncol 2005;27:651-3.

Hitchcock YJ, Tward JD, Szabo A, Bentz BG, Shrieve DC. Relative
contributions of radiation and cisplatin-based chemotherapy to sensorineural
hearing loss in head-and-neck cancer patients. Int J Radiat Oncol Biol Phys
2009;73:779-88.

Bertolini P, Lassalle M, Mercier G, Raquin MA, Izzi G, Corradini N, et al.
Platinum compound-related ototoxicity in children: Long-term follow-up
reveals continuous worsening of hearing loss. J Pediatr Hematol Oncol
2004;26:649-55.

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;23:8588-96.

American Speech-Langauge-Hearing Association. Audiologic
management of individuals receiving cochleotoxic drug therapy. ASHA
1994;36 Suppl 12:11-9.

Fausti SA, Helt W], Gordon JS. Audiologic monitoring for ototoxicity
and patients management. In: Campbell, CK, editor. Pharmacology and
Ototoxicity for Audiologists. United States: Thomson Delmar Learning;
2007. p. 230-51.

Chiodo AA, Alberti PW. Experimental, clinical and preventive aspects of
ototoxicity. Eur Arch Otorhinolaryngol 1994;251:375-92.

Arslan E, Orzan E, Santarelli R. Global problem of drug-induced hearing
loss. Ann N'Y Acad Sci 1999;884:1-4.

Wang J, Lloyd Faulconbridge RV, Fetoni A, Guitton MJ, Pujol R, Puel JL,
et al. Local application of sodium thiosulfate prevents cisplatin-induced
hearing loss in the guinea pig. Neuropharmacology 2003;45:380-93.
Macdonald MR, Harrison RV, Wake M, Bliss B, Macdonald RE. Ototoxicity
of carboplatin: Comparing animal and clinical models at the hospital for
sick children. J Otolaryngol 1994;23:151-9.

Schaefer SD, Post JD, Close LG, Wright CG. Ototoxicity of low- and
moderate-dose cisplatin. Cancer 1985;56:1934-9.

Neck Squamous Cell Carcinomas. Int J Sci Stud 2019;7(6):11-14.

Source of Support: Nil, Conflict of Interest: None declared.

How to cite this article: Ravikumar M, Kommu BB. Clinical Evidence of Hearing Loss in Patients Treated with Cisplatin for Head-and-

Qternational Journal of Scientific Study | September 2019 | Vol 7 | Issue Ej 14




