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Abstract

Background : Chemotherapy is a treatment for head and neck malignancies. Hearing
impairment is a side effect of chemotherapy, especially caused by platinum-based
chemotherapy. Hearing impairment generally occurs at high frequencies after the
administration of chemotherapy. The aims of this study was to prove assosciation
between cumulative doses of platinum-based chemotherapy and ototoxic eventsin head
and neck malignancies.

Methods : This is a cross-sectional study. The sample is patients with head and neck
malignancy receiving platinum—based chemotherapy at Dr. Kariadi Hospital Semarang
from March to June 2023. Hearing assessment using pure tone audiometry was
performed randomly at all chemotherapy cycles. Data was analyzed with a chi-square
test.

Results : Eighty-one subjects (52 male, 29 female), consisting of 71 subjects received
cisplatin, and 10 subjects received carboplatin. Ototoxicity occurs in 91.7% of subjects
receiving cumulative doses of cisplatin >300mg/m2 and carboplatin >1500mg/m?2
compared to cumulative doses of cisplatin <300mg/m2 and carboplatin <1500mg/m?2,
whichwas 46.7% (p=0.001, Cl 1.416-2.725).

Conclusion : There was a significant association between cumulative doses of platinum-
based chemotherapy and ototoxicity incidence of head and neck malignancy patients.
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INTRODUCTION

Head and neck malignancies account for 5.3% of the total
incidence of tumors worldwide annually. It is estimated
that over 800,000 new cases and nearly 500,000 deaths.!?
Surgical procedures, radiotherapy, and chemotherapy in
various combinations are used to treat head and neck
malignancies, depending on the stage and primary
location. Chemotherapy, as one of the multimodal
curative therapies, can be given concomitantly with
radiotherapy to provide a good therapeutic response.
Platinum-based chemotherapy is the most widely used
and globally accepted chemotherapy drug.®*

Hearing loss is a sensorineural, bilateral, and
permanent ototoxic side effect of platinum-based
drugs.® The prevalence of cisplatin chemotherapy-
induced ototoxicity varies widely between 11-97% in
several studies.”® The prevalence of ototoxicity due to
cisplatin chemotherapy in a previous study was 32%.°
Hearing loss occurs primarily at high frequencies
following the administration of high-dose cisplatin. One
study mentioned that a cumulative dose of cisplatin over
300 mg/m? and carboplatin over 1500 mg/m? can cause
ototoxicity.51? Ototoxicity is assessed using ASHA
criteria measured by pure-tone audiometry. The aim of
this study is to prove the relationship between the
cumulative dose of platinum-based chemotherapy and
chemotherapy-induced ototoxicity in patients with head
and neck malignancies at Dr. Kariadi Hospital.

METHODS

This research is an observational analytic study with a
cross-sectional design. The subjects of the study were

patients with head and neck malignancies who visited the
Oncology Clinic and Clinical Diagnostic Centre of
Dr. Kariadi Hospital and met the research criteria.
Subjects underwent pure-tone audiometry examinations
at random chemotherapy session. The study period was
from March to July 2023. Sampling was conducted using
consecutive sampling. Inclusion criteria included
subjects who received at least one cycle of platinum-
based chemotherapy, aged 218 - 65 years, had a baseline
audiogram before chemotherapy, and were willing to
participate in the study. Exclusion criteria consisted of
long-term use of medications (antibiotics, NSAIDs,
quinine), patients with chronic otitis media, a history of
hemodialysis, changes in chemotherapy regimens, a
history of head and neck radiation, and a history of noise
exposure. Ototoxicity was assessed using ASHA criteria,
defined as an increase in hearing threshold of 20 dB at one
frequency or 10 dB at two consecutive frequencies
observed in the audiogram. Confounding factors in this
study included gender, age, and history of anemia. Data
analysis was performed using the chi-square test with
SPSS 25.

This study received ethical clearance and approval
from the Research Ethics Committee of Dr Kariadi
Hospital and the Medical Council of Dr Kariadi Hospital.

RESULTS

Eighty-one subjects who met the inclusion and exclusion
criteria were outpatients at the ENT Oncology
Department of Dr Kariadi Hospital during the period
from March to July 2023. The characteristics of the
subjects arelisted in Table 1.

Table 1 shows that the percentage of subjects who

TABLE 1
Characteristics of Subjects

Variable Ototoxicity Total
Positive Negative

54 (66.7%) 27 (33.3%) 81 (100%)
Gender Male 36 (44.4%) 16 (19.8%) 52 (64.2%)
Female 18 (22.2%) 11 (13.6%) 29 (35.8%)
Age >40 years old 36 (44.4%) 20 (24.7%) 56 (69.1%)
<40 years old 18 (22.2%) 7 (8.6%) 25 (30.9%)
History of anemia anemia + 11 (13.6%) 3(3.7%) 14 (17.3%)
anemia - 43 (53.1%) 24 (29.6%) 67 (82.7%)
Chemotherapy drugs  Paclitaxel-Cisplatin 49 (60.5%) 22 (27.2%) 71 (87.7%)
Paclitaxel-Carboplatin 5(6.2%) 5(6.2%) 10 (12.3%)
Cumulative Dose Cisplatin > 300mg/m?, Carboplatin > 1500mg/m? 33 (40.7%) 3(3.7%) 36 (44.4%)
Cisplatin < 300mg/m?2, Carboplatin < 1500mg/m? 21 (25.9%) 24 (29.6%) 45 (55.6%)
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TABLE 2

Relationship between Cumulative Chemotherapy Dose and Ototoxicity

Variahle Ototoxicity p PR r Cl 95%
Positive Negative Total
n % n % %
Cumulative dose 0.001 1.964 0.404 1.416-2.725
Cisplatin >300 mg/mz, 33 91.7 3 8.3 100
Carboplatin >1500 mg/m?
Cisplatin <300 mg/m?, 21 46.7 24 533 100
Carboplatin <1500 mg/m?
TABLE 3
The relationship between gender, age, and history of anemia with ototoxicity
Variahle Ototoxicity p PR Cl 95%
Positive Negative Total
n % n % n %
Gender Male 36 69.2 16 30.8 52 100 0.512 1.115 0.796-1.563
Female 18 621 11 379 29 100
Age > 40 years old 36 64.3 20 35.7 56 100 0.496 0.893 0.653-1.221
<40 years old 18 72 7 28 25 100
History of anemia + 11 786 3 21.4 14 100 0.496 1.224 0.883-1.698
anemia  nemia - 43 642 24 358 67 100

experienced ototoxicity (66.7%) was higher compared to
those who did not experience ototoxicity (33.3%). Male
gender and age over 40 years were more likely to
experience ototoxicity, among which 60.5% used the
cisplatin.

Table 2 shows that ototoxicity in the subjects
occurred mostly in the group of subjects who received a
cumulative dose of Cisplatin >300 mg/m? and
Carboplatin >1500 mg/m?. The analysis results indicate a
significant relationship between the cumulative dose of
chemotherapy and ototoxicity (p-value <0.05). The
correlation value obtained, 0.404, indicates a positive
relationship, with the strength of the relationship
between the cumulative dose and the incidence of
ototoxicity being moderate.

Table 3 shows that ototoxicity occurs frequently
regardless of gender (both male and female), all age
ranges, and whether there is a history of anemia or not.
The analysis results indicate that there is no significant
relationship between gender, age, and history of anemia
with ototoxicity.

DISCUSSION

The characteristics of subjects with head and neck

malignancies in this study were predominantly male
(64.2%). This is consistent with previous research
indicating that males are 2-4 times more likely to develop
head and neck malignancies compared to females.!! The
patients in this study were mostly in the age group
>40 years (69.1%) compared to the age group <40 years
(30.9%), which aligns with research suggesting that head
and neck malignancies are more common in the over
50 age group than in younger age groups. This could be
attributed to advanced age and higher exposure to
smoking and alcohol in males compared to younger
individuals and females.'? On the contrary, other studies
have suggested that head and neck malignancies can
occur at any age, with no differences across age groups.'
Regarding the variable of anemia, the presence of a
history of anemia (17.3%) was smaller compared to the
group with no history of anemia (82.7%), which is
consistent with other research indicating that 10.1% of
patients receiving chemotherapy experience anemia.'*
The incidence rates of nephrotoxicity, leukopenia,
and anemia are higher with cisplatin administration,
whereas carboplatin administration is associated with a
higher incidence of thrombocytopenia.’® Many
derivatives of cisplatin have been developed, such as
carboplatin, oxaliplatin, nedaplatin, hepteplatin, and
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lobaplatin, but none have surpassed cisplatin in terms of
effectiveness and spectrum of action.'® Subjects in this
study mostly received cisplatin regimen (87.7%)
compared to carboplatin therapy regimen (12.3%), which
is because cisplatin is recognized as the first-line therapy
for head and neck malignancies and is considered the
most effective neoadjuvant or concomitant therapy with
radiotherapy.'”

One of the common complications after
chemotherapy is the decline in hearing function, which is
one of the effects of chemotherapy-induced ototoxicity.
Research indicates that platinum-based chemotherapy,
both cisplatin and carboplatin, is the leading cause of
ototoxicity compared to other chemotherapy drugs.
Although carboplatin has similar anti-tumor effects as
cisplatin, it has milder ototoxic effects. Studies have
reported ototoxicity rates ranging from 45-83.3% for
cisplatin and varying from 16.6-75% for carboplatin.'®
Another study on decreased bone conduction in
nasopharyngeal carcinoma post-platinum-based
chemotherapy found that 53% of the cisplatin group
experienced decreased bone conduction, and 42.3% in the
carboplatin group.®’

The results of this study indicate that the
cumulative dose of platinum-based chemotherapy drugs,
both cisplatin and carboplatin, is significantly associated
with the occurrence of chemotherapy-induced
ototoxicity (p=0.001), with a moderate correlation
between cumulative dose and ototoxicity (r=0.404).
Consistent with previous research, hearing impairment
occurs in 26% of patients at cumulative cisplatin doses
between 300-600 mg/m?2, and around 12% at doses
<200 mg/m?2.5 This study found that ototoxicity appears
(4%) after the first cycle of cisplatin regimen, indicating
that ototoxicity begins to occur after receiving a
chemotherapy dose of 80mg/m2. This aligns with
previous research indicating that high-frequency hearing
impairment can occur with individual cisplatin doses
exceeding 60 mg/m2.220

Gender, age, and history of anemia are
confounding factors in this study, so bivariate analysis
was conducted on gender, age, and history of anemia to
determine their relationship with chemotherapy-induced
ototoxicity. The analysis revealed no relationship
between gender, age, and history of anemia with
chemotherapy-induced ototoxicity. This is consistent
with previous research indicating that gender does not
influence chemotherapy drug toxicity.?! Other
researchers have suggested thatadvanced age (>65 years)
does not affect the incidence and severity of
chemotherapy drug toxicity compared to younger
ages.””” However, contrary findings suggest that
advanced age and low hemoglobin levels are associated
with platinum-based chemotherapy-induced
ototoxicity.*
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CONCLUSION

There is a moderate positive relationship between
cumulative dose of platinum-based chemotherapy and
the occurrence of ototoxicity in head and neck
malignancies. Confounding factors such as gender, age,
and history of anemia do not affect the occurrence of
ototoxicity in this study.
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