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Background: The study aimed to evaluate the effect of prehydration solution on hearing thresholds after cisplatin chemotherapy.
Methods: In this retrospective cohort study, we reviewed the data of patients who underwent >3 courses of cisplatin-based chemo-
therapy for locally advanced head and neck cancers at a tertiary referral center (n =64). The dextrose solution (DW) group (n=26) re-
ceived 2 L of normal saline and 1 L of 5% dextrose. The Hartmann solution (HS) group (n=38) received 2 L of normal saline and 1 L of
HS. Hearing data were measured 1 day before starting the first course of chemotherapy, and again 20 days after the first, second, and
third courses of chemotherapy. The severity of hearing loss was evaluated using the Common Terminology Criteria for Adverse Events
(CTCAE).

Results: Thresholds at all frequencies after chemotherapy were greater in the DW group than in the HS group. The increase in thresh-
olds in 1 to 4 kHz after the third course of chemotherapy was greater in the DW group than in the HS group. CTCAE grades after the
second and third courses of chemotherapy were greater in the DW group than in the HS group. Logistic regression showed that the
odds ratio for CTCAE grade 3 or 4 after the third course of chemotherapy in the DW group was 4.84 on univariate analysis.
Conclusion: Prehydration using a solution with salt was associated with a decrease in change in hearing thresholds after cisplatin

chemotherapy in patients with head and neck cancers.
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Introduction

Cisplatin is a classic chemotherapeutic drug discovered by Rosen-
bergetal. [1]in 1968. It is currently one of the most commonly
used chemotherapeutic drugs in locally advanced head and neck
cancers. Nephrotoxicity and ototoxicity are considered the most

important complications associated with cisplatin use as a chemo-
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therapeutic drug; cisplatin induces or leads to oxidative stress, in-
flammation, and outer and inner hair cell apoptosis [2-4]. Conse-
quently, cisplatin is associated with progressive and irreversible
sensorineural hearing loss. Breglio et al. [4] showed that approxi-
mately 40% to 80% of patients who underwent cisplatin chemo-
therapy experienced permanent hearing loss. Previous studies have

investigated the protective effects of several agents on cisplatin-in-
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duced ototoxicity (CIO). However, despite their promising effects
in experimental studies, strong evidence regarding the favorable ef-
fects of these agents in clinical studies is scarce [5].

Nephrotoxicity is another complication of cisplatin-induced tu-
bular injury. Clinical practice guidelines strongly recommend vig-
orous hydration to reduce the cisplatin-induced nephrotoxicity
[6]. Hydration is associated with volume expansion, leading to an
increase in the rate of cisplatin excretion. In addition, the prehydra-
tion solution with salt has a high concentration of chloride and pre-
vents the dissociation of the chloride ions from the platinum mole-
cule, thereby reducing the formation of the reactive species of cis-
platin [7,8]. Previous studies have revealed that prehydration plays
arole in decreasing cisplatin-induced nephrotoxicity and prehydra-
tion solutions with salts are more protective in preventing toxicity.
This evidence suggests that prehydration using a salt fluid is
strongly recommended to reduce nephrotoxicity. These hypothe-
ses may be applicable to CIO, and prehydration using a salt fluid
may be associated with protection of CIO. The aim of our study
was to evaluate the effect of prehydration solution on hearing
thresholds after cisplatin chemotherapy in patients with head and

neck cancers.
Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Kyungpook National Universi-
ty Hospital (IRB No: KNUH 2020-04-009), and the require-
ment for informed consent was waived.

1. Study population and treatment

In this retrospective cohort study, we reviewed the data of patients
who underwent at least three courses of cisplatin-based chemo-
therapy for locally advanced head and neck cancers at a medical
center between May 2014 and September 2019. Among the initial
162 patients, the exclusion criteria included the following: having
chronic otitis media or otitis media effusion, or missing data for
hearing thresholds at the baseline or after the first, second, or third
course of chemotherapy (n=98). None of the enrolled partici-
pants were undergoing any additional therapy associated with oto-
toxicity during the follow-up period. In addition, other than cispla-
tin, none of the chemotherapeutic drugs were associated with oto-
toxicity.

The dose of cisplatin was modified as described in a previous
study [9]. Briefly, cisplatin was injected every 3 weeks at doses of
50 to 100 mg/m”. The cisplatin dose administered in each cycle
was determined based on individual patient conditions (age, co-

morbidities, Eastern Cooperative Oncology Group performance
status, and treatment-related toxicities) and tumor status (stage
and early treatment response). All patients received concomitant
radiotherapy at a dose of 60 to 70 Gy; the doses of radiotherapy
were similar among the patients. Prehydration solution (3 L) was
administered immediately before cisplatin injection. The dextrose
solution (DW) group (n=26) received 2 L of normal saline and 1
L of 5% dextrose. The Hartmann solution (HS) group (n=38) re-
ceived 2 L of normal saline and 1 L of HS. Selection of prehydra-
tion was randomly determined regardless of the clinician’s deci-

sion.

2. Study variables

Clinical and laboratory data collected during the examination in-
cluded the following: age, sex, hemoglobin (g/dL), serum albumin
(g/dL), serum creatinine (mg/dL), body mass index (kg/m”), lo-
cation of cancer, cumulative dose of cisplatin, and hearing thresh-
olds. Hearing data were measured 1 day before starting the first
course of chemotherapy, and again at 20 days after the first, second,
and third courses of chemotherapy. The hearing thresholds were
measured using an automatic audiometer at 0.5, 1,2, 3,4, 6,and 8
kHz. Hearing thresholds at each frequency were averaged using
both ears of each patient. The difference after chemotherapy was
defined as postchemotherapy values minus the baseline. The se-
verity of hearing loss was evaluated using the Common Terminol-
ogy Criteria for Adverse Events (CTCAE, version 5.0), as previ-
ously described [10]. Briefly, grade 1 was defined as a threshold
shift of 15 to 25 dB at two frequencies in at least one ear. Grade 2
was defined as a threshold shift >25 dB at two contiguous fre-
quencies. Grade 3 was defined as a threshold shift > 25 dB at three
contiguous frequencies. Grade 4 was defined as non-serviceable
hearing, >80 dB at 2 kHz and above.

3. Statistical analysis

The data were analyzed using IBM SPSS ver. 25 (IBM Corp., Ar-
monk, NY, USA). Categorical variables were expressed as counts
(percentage), and continuous variables were expressed as
means * standard deviations (expressed as means + standard errors
for multivariate analysis). Pearson chi-square or Fisher exact test
was used to analyzing the categorical variables. For continuous
variables, means were compared using a Student ¢-test or a paired
t-test. Logistic regression analyses were used to estimate the odds
ratios (ORs) and 95% confidence intervals (Cls), which were then
used to determine the correlation between prehydration solution
and high CTCAE grade. Multivariate analyses were adjusted for
age, sex, baseline hearing thresholds, and cumulative dose of cispla-
tin and performed using a forward selection method. The p-values
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<0.05 were considered statistically significant.

Results

1. Clinical characteristics

The mean age values in the DW and HS groups were 59.4 8.0
and 59.8 £ 11.6 years, respectively (p=0.873) (Table 1). The pro-
portion of male sex in the DW and HS groups was 96.2% and
81.6%, respectively. There were no significant differences in age,
sex, hemoglobin, albumin, creatinine, body mass index, and loca-
tion of cancer between the two groups. The cumulative dose of cis-
platin was similar at the first course of chemotherapy, but the cu-
mulative dose of cisplatin at the second and third courses was high-
er in the DW group than in the HS group.

2. Changes in hearing thresholds after chemotherapy
according to prehydration solution

Fig. 1 shows the trends of hearing thresholds according to chemo-
therapy. Baseline 0.5 and 3 kHz values were greater in the DW
group than in the HS group (p=0.027 for 0.5 kHz and p=0.017
for 3 kHz). There were no significant differencesin 1,2, 4, 6,and 8
kHz at baseline between the two groups. However, thresholds at all
frequencies after chemotherapy were greater in the DW group
than in the HS group. In the DW group, the thresholds in all fre-
quencies after the third course of chemotherapy were greater than

each baseline value. In the HS group, those in 3, 4, 6, and 8 kHz af-

ter the third course of chemotherapy were greater than each base-
line value, but there were no significant differences in 0.5, 1, and 2
kHz between values on baseline and after the third course of che-
motherapy.

Table 2 shows the difference between values on baseline and af-
ter chemotherapy. The increase in thresholds in 0.5, 1,2, 3,and 6
kHz after the first course of chemotherapy was greater in the DW
group than in the HS group. Those in 0.5, 1, 2, 3,4, and 6 kHz after
the second course of chemotherapy were greater in the DW group
than in the HS group. Those in 1, 2, 3, and 4 kHz after the third
course of chemotherapy were greater in the DW group than in the
HS group. Multivariate analysis showed the same trend for those
after the first or second course of chemotherapy. Those after the
third course of chemotherapy were greater in the DW group than
in the HS group, but statistical significance was not obtained.

We have divided the two groups according to median cumulative
dose (260 mg/m”) in the third chemotherapy. The numbers of pa-
tients with median cumulative dose of <260 mg/m’ (low dose
group) were 9 and 24 in the DW and HS groups, respectively. The
numbers of patients with median cumulative dose of >260 mg/ m’
(high dose group) were 17 and 14 in the DW and HS groups, re-
spectively. In the low dose group, patients with grade 3 or 4 after
the third chemotherapy were 3 (33.3%) and 3 (12.5%) in the DW
and HS groups, respectively (p=0.309). In the high dose group,
patients with grade 3 or 4 after the third chemotherapy were 8
(47.1%) and 2 (14.3%) in the DW and HS groups, respectively

Table 1. Participant clinical characteristics according to hydration solution

Characteristic DW group (n=26) HS group (n=38) p-value”
Age (yr) 59.418.0 59.8+11.6 0.873
Male sex 25(96.2) 31(81.6) 0.128
Hemoglobin (g/dL) 13.2+15 13.4+19 0.765
Albumin (g/dL) 4.1£04 43+0.3 0.094
Creatinine (mg/dL) 09+03 0.8+0.2 0.115
Body mass index (kg/m?) 229433 230+2.7 0.851
Location of cancer 0.955

Nasal cavity, nasopharynx 6(23.1) 7(18.4)

Oral cavity (tonsil, tongue, BOT), oropharynx 8 (30.8) 11 (28.9)

Larynx 10 (38.5) 17 (44.7)

The others (LN, EAC, unknown primary) 2(7.7) 3(7.9)
Cumulative dose of cisplatin (mg/m?)

First chemotherapy 94.4112.6 91.1+£17.1 0.393

Second chemotherapy 182.7+£23.2 168.4+28.2 0.037

Third chemotherapy 262.1+£34.8 2350+34.5 0.003

Values are presented as mean +standard deviation or number (%).

DW, dextrose solution; HS, Hartmann solution; BOT, base of tongue; LN, lymph node; EAC, external auditory canal.
The continuous variables were compared using Student t-test and the categorical variables were compared using Pearson chi-square or Fisher exact

tests.
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Fig. 1. Hearing thresholds after CTx according to prehydration solution. The mean 0.5 kHz values at baseline, and after the first
CTx, second CTx, and third CTx were 19.8%£12.6, 22.5+16.3, 26.2+17.7, and 25.3+17.7 dB for the DW group and 13.0£10.0,
11.8+9.2, 13.5%£11.5, and 14.5%10.7 dB for the HS group, respectively. The mean 1 kHz values at baseline, after the first
CTx, second CTx, and third CTx were 22.9+13.5, 25.8+16.3, 29.8£19.7, and 30.8£21.4 dB for the DW group and 17.4£10.8,
16.6£11.1, 17.9£13.3, and 19.0£14.3 dB for the HS group. The mean 2 kHz values at baseline, after the first CTx, second
CTx, and third CTx were 27.4£19.8, 31.5£23.0, 36.9+25.9, and 35.4%23.2 dB for the DW group and 18.9£14.0, 18.9+15.1,
19.5%£17.6, and 20.1%£16.0 dB for the HS group. The mean 3 kHz values at baseline, after the first CTx, second CTx, and third
CTx were 40.5+21.0, 47.0£26.2, 51.4+25.4, and 51.3%25.3 dB for the DW group and 28.0%18.1, 28.7£19.9, 30.4%20.5, and
30.8%£18.5 dB for the HS group. The mean 4 kHz values at baseline, after the first CTx, second CTx, and third CTx were 45.9£21.0,
52.4%28.4,57.9+27.4, and 57.6£26.3 dB for the DW group and 36.4+19.9, 37.3£21.3, 39.3+22.6, and 40.9£21.2 dB for the HS
group. The mean 6 kHz values at baseline, after the first CTx, second CTx, and third CTx were 49.4+21.0, 57.8+23.9, 63.7£23.2,
and 64.7£21.0 dB for the DW group and 41.6+19.6, 43.5+20.8, 46.9+21.7, and 50.2+21.6 dB for the HS group. The mean 8
kHz values at baseline, after the first CTx, second CTx, and third CTx were 57.9+22.5, 66.6+20.6, 72.2+21.5, and 73.4+18.8 dB
for the DW group and 48.8+21.8, 53.3%£22.7, 56.3+23.6, and 59.4+23.3 dB for the HS group. CTx, chemotherapy; DW, dextrose
solution; HS, Hartmann solution. *p<0.05 vs. the value at baseline; 'p<0.05 vs. the value after the first CTx; *p<0.05 vs. the value
after the second CTx.

(p=0.068). Although the differences were not statistically signifi- groups; however, the trend showed a greater proportion of grade 3

cant, the development of grade 3 or 4 in the HS group was lower
than that in the DW group in both the low- and high-dose groups.
Lesions owing to radiotherapy can influence hearing impair-
ment more than that with cisplatin or prehydration. In our study,
there were 32 and 27 patients with nasopharyngeal or oropharyn-
geal cancer (NOPCa) and glottic or laryngeal cancer (GLCa), re-
spectively. The numbers of patients with grade 3 or 4 after the third
chemotherapy were 10 (31.3%) and S (18.5%) in the NOPCa and
GLCa groups, respectively (p=0.263). There was no significant
difference in the development of grade 3 or 4 between the two

or 4 in patients with NOPCa than that in patients with GLCa. Pa-
tients with NOPCa were more prone to high risk for radiation than
those with GLCa, which may be associated with a greater propor-

tion of hearing impairment in patients with NOPCa.

3. Change in CTCAE grades after chemotherapy according
to prehydration solution

CTCAE grade after the first course of chemotherapy in the DW
and the HS groups was 15 (57.7%) and 29 (76.3%) in grade 0, S
(19.2%) and 6 (15.8%) in grade 1,1 (3.8%) and 1 (2.6%) in grade
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Table 2. Change in hearing thresholds after chemotherapy according to hydration solution

After the first chemotherapy

After the second chemotherapy

After the third chemotherapy

Analysis from baseline from baseline from baseline
DW group  HS group p-value? DW group  HS group p-value” DW group  HS group p-value”
Univariate
0.5 kHz 27180 -1.3%45 0.014 6.3+11.1 0.5+5.6 0.007 55+13.0 1.5+5.8 0.102
1 kHz 29483 -0.7+4.7 0.031 6.9+12.1 0.5+59 0.007 791144 1.6+7.6 0.028
2 kHz 4.1+£10.1 0.1+5.7 0.045 9.5+19.3 06+7.5 0.012 8.0+17.2 1.2+79 0.036
3 kHz 6.5+15.0 07170 0.041 11.0+£17.8 24+69 0.009 10.8+18.4 2.8+8.5 0.023
4 kHz 6.5+14.8 09+5.6 0.060 120+17.2 29198 0.009 11.7+£15.8 45+12.7 0.048
6 kHz 8.4+144 1.9+83 0.026 14.2+15.9 53%10.6 0.009 15.3%15.2 8.6+13.4 0.069
8 kHz 8.8+153 45+9.6 0.181 14.3+15.6 761134 0.068 1565+15.7 10.7+16.8 0.251
Multivariate
0.5 kHz 32+13 -16£1.0 0.009 6.3+1.8 05+1.4 0.018 52+2.1 1.7+£1.7 0.221
1 kHz 34112 -1.0£1.0 0.010 6.6+1.8 0715 0.019 70+23 22+19 0.129
2 kHz 45+1.4 -0.2+£1.1 0.014 10.0+2.8 02+23 0.012 79+27 1.2+2.1 0.070
3 kHz 6.8+2.2 06+1.8 0.042 10.6+2.7 27122 0.037 9.4+2.8 3.8+23 0.152
4 kHz 6.2+2.1 1.1+£1.7 0.078 n1+£27 3522 0.041 10.1+£2.9 57 £23 0.263
6 kHz 8.4+2.1 19+1.8 0.026 13.3+£26 6.0+2.1 0.038 134+28 99122 0.349
8 kHz 9.2+23 42+19 0.110 13.6+2.8 8.1+£22 0.143 13.7+3.0 11.8+24 0.647

Values are presented as mean £ standard deviation for univariate analysis and mean standard error for multivariate analysis. Values were calculated

from values obtained after each chemotherapy minus baseline.
DW, dextrose solution; HS, Hartmann solution.

IThe p-values were tested by Student t-test for univariate analysis and analysis of covariance for multivariate analysis. All regimens of chemotherapy
were the same excluding doses of cisplatin and radiotherapy. Changes in hearing thresholds after the first, second, and third chemotherapy were com-
pared between the DW and HS groups. The dependent variable was difference in hearing threshold between the baseline and after each cycle of chemo-
therapy. Covariates were age and baseline hearing thresholds before first chemotherapy, sex, and cumulative dose of cisplatin at the time of audiogram.

2,2(7.7%) and 2 (5.3%) in grade 3,and 3 (11.5%) and 0 in grade
4 (p=0.241), respectively. CTCAE grade after the second course
of chemotherapy in the DW and the HS groups was 10 (38.5%)
and 27 (71.1%) in grade 0, 5 (19.2%) and S (13.2%) in grade 1,0
and 1 (2.6%) in grade 2, 4 (15.4%) and 5 (13.2%) in grade 3, and 7
(26.9%) and 0 in grade 4 (p=0.007), respectively. CTCAE grade
after the third course of chemotherapy in the DW and the HS
groups was 9 (34.6%) and 22 (57.9%) in grade 0,4 (15.4%) and 7
(18.4%) in grade 1,2 (7.7%) and 4 (10.5%) in grade 2, 5 (19.2%)
and 4 (10.5%) in grade 3,and 6 (23.1%) and 1 (2.6%) in grade 4
(p=0.007), respectively. CTCAE grades after the second and third
courses of chemotherapy were greater in the DW group than in the
HS group.

Logistic regression showed that the OR for CTCAE grade 3 or 4
after the third course of chemotherapy in the DW group was 4.84
(95% CI, 1.43-16.41; p=0.011) on univariate analysis. Multivari-
ate analysis was performed using a forward selection method with
age, sex, all hearing thresholds, and cumulative dose of cisplatin.
The analysis showed that, among the covariates, only prehydration
solution was statistically significant. The results of multivariate
analysis matched those of univariate analysis.
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Discussion

Our study showed that prehydration with a salt solution alone
was more effective in protecting the increase in hearing thresh-
olds in patients who received cisplatin chemotherapy for head
and neck cancers. All hearing thresholds after cisplatin chemo-
therapy increased compared with values on the baseline. The
amount of increase in hearing thresholds after chemotherapy was
greater in the DW group than in the HS group. CTCAE grade as
a categorical variable after chemotherapy was higher in the DW
group than in the HS group. Logistic regression analyses showed
similar trends.

CIO is a well-known complication that appeared in early clinical
studies of cisplatin. Previous studies demonstrated that factors
such as old age, noise exposure, male sex, hypertension, and high
cumulative dose of cisplatin are associated with the incidence of
hearing impairment after cisplatin chemotherapy [11]. Various ex-
perimental studies have investigated mechanisms of CIO. Previous
studies showed that cochlear influx of cisplatin is developed by the
copper transporter 1, which results in the production of reactive
oxygen species [12-14]. These lead to injuries to various cells in
the auditory systems and irreversible hearing impairment. Many
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interventional drugs targeting these mechanisms have been investi-
gated for the protection of CIO. Experimental studies have shown
favorable results of sulfhydryl compounds (alpha-lipoic acid, ami-
fostine, sodium thiosulfate) or antioxidant/ anti-apoptotic agents
(NOX inhibitor, allicin, epicatechin, dexamethasone, and vitamin
E) for protection of CIO [5]. Meta-analysis has shown a trend to-
ward decreased ototoxicity in patients receiving amifostine, but sta-
tistical significance was not obtained [ 15]. Sodium thiosulfate has
shown consistently favorable results in non-metastatic hepatoblas-
toma, but the data were available for children or adolescents alone
[16]. In addition, many clinical studies for mechanism-targeted
therapies showed inconsistent results regarding the protective ef-
fect, and there is no otoprotective agent routinely recommended
for the prevention of CIO [17,18].

The association between vigorous hydration and protection of
nephrotoxicity is well known. Although there have been few ran-
domized trials, vigorous hydration ( > 3 L/day) during cisplatin
administration is strongly recommended to maintain a balance be-
tween benefits and risks. A previous study has shown that fluid
with salt is superior to osmotic agents such as mannitol [ 19]. The
difference between HS and 5% DW should be considered. HS or
DW is the two most used crystalloid solutions. HS includes 130
mEq/L of sodium, 109 mEq/L of chloride, 28 mEq/L of bicar-
bonate, 4 mEq/L of potassium, and 3 mEq/L of calcium in water.
The 5% DW includes 50 g/L of glucose in water. The increase in
intravascular volume by 1 L supplementation was approximately
85 mL for 5% DW and 250 mL for HS, respectively. The effect of
volume expansion is 2.9 times greater in HS than in the 5% DW.
The renoprotective effect by volume expansion may be an exten-
sion of difference in otoprotective effect according to hydration
solution. In addition, fluid therapy with salt influences chloride en-
trapment for platinum above volume expansion. Therefore, prehy-
dration using fluid with salt may be superior to fluid with glucose
alone. However, there are few data regarding association between
fluid types and ototoxicity.

In this study, hearing thresholds in two frequencies (0.5 and 3
kHz) were greater in the DW group than in the HS group. This
was an inherent limitation of our study. The changes in hearing
thresholds after chemotherapy would be influenced by the sensi-
tivity of chemotherapy beyond prehydration fluid. Therefore, our
results should be carefully interpreted due to difference in baseline
hearing thresholds. However, we tried to attenuate this limitation
using multivariate analysis or comparison of delta values in hearing
thresholds between two groups. These results revealed favorable
trends for the HS group compared to that of the DW group. Our
study is a pilot rather confirmative design and insufficient to con-
firm between prehydration solution and hearing, and the general-

ization of our results. Therefore, further studies with larger sample
size and similar hearing threshold are needed to overcome this lim-
itation. If baseline hearing was different despite large sample size,
propensity score-matched cohort would be useful in matching
hearing levels.

Our results showed that the change in hearing threshold was in-
creased as frequency increased. The preservation of the hearing
threshold by prehydration was better in low-frequency lesion than
in high-frequency lesions. The preventive effect by prehydration
was attenuated as cycles of chemotherapy increased. Cisplatin oto-
toxicity can cause cochlear injury. This injury initiates from outer
hair cells adjacent to the cochlear base and progresses to the apical
cells with increasing dose [20]. Therefore, hearing impairment
progresses from high frequency to low frequency, and becomes
worse with the increasing cumulative dose of cisplatin. In our
study, only 1 L of the total 3 L of hydration solution was different,
and this small difference may be difficult to induce a large differ-
ence in preventive effect. This small difference between the two
groups would be associated with less improvement in high-fre-
quency lesion (highly injurious lesion) than in low-frequency le-
sions (low injurious lesion). In addition, toxicity accumulates ac-
cording to the cycle of chemotherapy, which would attenuate pre-
ventive effect.

The change in hearing thresholds after the third chemotherapy
was lesser than those after the first or second chemotherapy. Two
issues were associated with these changes. First, it may be associ-
ated with a decreased dose of cisplatin according to cycles of che-
motherapy. The dose of cisplatin according to cycles were
93.1+14.8 mg/m’ in the first, 83.4 £ 15.7 mg/m” in the second,
and 73.1 + 16.7 mg/m’ in the third cycles. The dose of cisplatin de-
creased as the cycles of chemotherapy increased. A decrease in the
dose of chemotherapy may be associated with attenuated ototoxic-
ity of cisplatin despite increase in cumulative dose. Second, activa-
tion of resistant mechanism would be associated with decreased
ototoxicity according to the cycles of chemotherapy. Resistance
can be developed by decreased influx or increased efflux of drug,
activation of antioxidant mechanisms, or drug detoxification [21].
Normal hair cells after chemotherapy may have improved resis-
tance to cisplatin compared to that before chemotherapy, although
information remains limited in this regard.

Cumulative dose of cisplatin would be a confounding factor for
the effect of prehydration on hearing. In our study, based on 100
mg/ m” as the standard dose, the initial dose of cisplatin was modi-
tied according to a patient’s performance status. The second or
third doses of cisplatin were modified according to toxicity grade,
changes in a patient’s performance status, and tumor response.

Therefore, alow cumulative dose of the HS group may be associat-

https://doi.org/10.12701/jyms.2022.00276 169



Anhn et al. Effect of hydration on hearing after cisplatin

ed with higher toxicity grade, changes in a patient’s performance
status, and poorer tumor response during cycles compared to that
in the DW group. Our study did not include these data or adjust
for these variables due to limitation of sample size. Adjustment for
these variables would be helpful in identifying the independent ef-
fect of prehydration on hearing.

This study had several limitations. First, it was a retrospective,
single-center study. Prehydration solutions were selected without
randomized controlled methods. Second, baseline characteristics,
including hearing thresholds and cumulative dose of cisplatin,
were different between the two groups. Third, the number of par-
ticipants was small and statistical significance was weak. In addi-
tion, other modifiable factors were not considered because of the
small number of participants in our study. Fourth, causal relation-
ship was obscure. In our study, the two groups were distinguished
by solution type of 1 L within total 3 L of fluid in both groups. It is
not clear whether these small differences can lead to significant
changes in clinical outcome. Randomized controlled studies in-
cluding a larger number of participants are warranted to overcome
these limitations.

In conclusion, prehydration using a solution with salt was associ-
ated with a decrease in change in hearing thresholds after cisplatin
chemotherapy in patients with head and neck cancers. Therefore,
vigorous prehydration with a solution of salt may be helpful to pre-
vent CIO in patients with head and neck cancers, except in circum-

stances in which overhydration would be a hazard.
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