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Genetic risk factors of cisplatin induced ototoxicity in adult patients
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Ototoxicity is an important adverse effect of using Cisplatin (cis-diamminedichloroplatinum) (CDDP) as a form of 
chemotherapy. The clinical picture of CDDP induced ototoxicity includes perceptive hearing impairment (reversible or per-
manent) and tinnitus. Ototoxicity manifests with considerable variability between patients. The objective of this prospective 
study was to investigate a possible genetic background to this variability. We assessed ototoxicity induced by therapeutic 
doses of CDDP in adult patients with germinative testicular tumors, or other tumors treated with an identical CDDP dosage 
scheme. Audiological examination before, during and after the treatment has shown deterioration in hearing; first in the 
high-frequencies and with increased CDDP cumulative doses, impairment in other frequencies as well. Occurrence of tin-
nitus was not dependent on the administered dose of CDDP, or the other risk factors examined in this study. The association 
of CDDP induced ototoxicity with genetic polymorphisms in candidate genes was examined. Our study has demonstrated 
an association of early onset of CDDP induced ototoxicity with the presence of two copies of GSTT1 gene (p=0,009) and 
with T allele of rs9332377 polymorphism in COMT gene (p=0,001).
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CDDP plays a key role in the treatment of testicular tu-
mors, ovarian carcinoma, cervical cancer, bladder tumors, 
squamous-cell carcinoma of the head and neck, and lung 
carcinoma. In some diagnoses it is by necessity the treatment 
of choice, since it has no equivalent. Administration of CDDP 
produces serious adverse effects including nephrotoxicity and 
ototoxicity. By preventing CDDP nephrotoxicity, through 
hyper-hydration and therefore enhanced diuresis [1], the 
drug can be used in effective therapeutic doses to treat hu-
man malignancies. However ototoxicity following CDDP 
administration is another equally serious side-effect, due to 
the fact that its impacts are often permanent and more or less 
disabling. Presently, monitoring of the hearing function is 
not a standard part of diagnostic and therapeutic schemes of 
CDDP therapy [2]. Otoprotective medication is not established 
yet, though numerous recent studies have suggested promis-
ing results [3, 4].

Frequency analysis of the perceived sounds takes place 
on the mechanical level in the inner ear. High frequencies 
are analysed in the basal region of the cochlea, while lower 
frequencies are perceived, in a gradual ascending fashion, 

towards the apex. Damage to the organ of Corti caused by 
CDDP first becomes apparent in the area of the cochlea’s basal 
turn; higher doses are needed to cause ototoxicity in the api-
cal parts of cochlea [3, 4]. The first signs of hearing loss can 
therefore be expected in the highest frequencies. This means 
that the hearing impairment is mostly found in the high-tone 
region of the audiogram. Since the analysis of high frequencies 
is essential for speech comprehension, their loss is the main 
factor leading to the disablement of the patient.

Hearing assessment can be performed by routine methods 
such as tone audiometry and examination using otoacoustic 
emissions, which are sensitive enough to detect the first signs 
of hearing impairment a long time before the patient starts to 
subjectively perceive the effects of ototoxicity [5, 6].

Pure tone audiometry (PTA) determines the auditory 
threshold of pure tones in the range of 125 Hz – 8 kHz. This 
frequency range is considered essential for perceiving human 
speech [7]. For most patients the perception of the pure tones 
of higher frequencies is difficult because these are unfamiliar 
sounds and therefore difficult to recognize. Special equipment 
is necessary for high frequency audiometry. Since the damage 
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to the organ of Corti caused by CDDP starts in the highest 
frequencies, it is necessary to find a reasonable compromise 
between the required sensitivity of the method and available 
technical means [8].

The mechanism of CDDP induced ototoxicity is oxidative 
stress caused by imbalance between production and removal 
of reactive oxygen species (ROS) and consequent induction 
of cell apoptosis upon activation of the enzymatic cascade of 
BCL-2, caspase 9 and 3 [9]. The adverse effects of ROS are 
blocked by a system of antioxidant enzymes. The antioxidant 
enzymes include glutathione peroxidase (GPx), glutathione 
reductase (GR), superoxiddismutase (SOD), glutathione-S-
transferase (GST), γ-glutamylcystein-synthetase (γ-GCS) and 
catalase (CAT). Reactive radical metabolism also includes 
inducible nitric oxide synthase (iNOS) the inhibition of 
which leads to reduced CDDP nephrotoxicity in laboratory 
animals [10]. Factors of CDDP ototoxicity may also include 
mediators IL-1, IL-6 and TNF [11]. High levels of IL-6 are often 
referred as linked to tumor resistance to CDDP treatment, 
while low levels are often associated with more frequent oc-
currence of toxic effects [12, 13]. Recently, CDDP induced 
ototoxicity was associated with genetic polymorphisms found 
in the genes for catechol-O-methyl transferase (COMT) and 
thiopurin-S-methyl transferase (TPMT) [14]. The effect of 
these enzymes on CDDP toxicity can be explained by the 
regulation of CDDP bond to DNA through TPMT or through 
S-adenosylmethionine, which is a common substrate for both 
TPMT and COMT [15].

Genes coding for GSTT1 and GSTM1 show whole gene 
deletions, which influence the expression and therefore the 
activity of these enzymes. The single nucleotide polymor-
phism (SNP) in the gene for GSTP1 (rs1695), results in the 
replacement of isoleucine for valine in position 105. The 
variant with valine shows lower activity [16]. SNP rs4880 in 
gene for SOD2 causes the replacement of alanine for valine 
in position 16. The variant with valine reduces the produc-
tion of functional tetramer SOD2 and is associated with e.g. 
lung carcinoma and dilatation cardiomyopathy [17]. SNP 
analysed in the gene for inducible nitric oxide synthase 
(iNOS) (rs2297518) causes the replacement of serine for 
leucine in position 608. Homozygotes carrying the allele 
with leucine show higher iNOS enzymatic activity related to 

higher NO levels, which may cause cytotoxic effect [18]. The 
SNP rs1800587 in the non-coding region of the IL-1 gene in 
position -886, influences expression of IL-1 [19]. The SNP 
rs1800796 in gene coding IL-6 in position -572 influences 
the activity of IL-6 and consequently also some biochemical 
parameters of inflammatory response, such as CRP levels [20]. 
The SNP rs2279115 influences the expression of gene BCL-2, 
when AA genotype is associated with higher expression of 
BCL-2 protein and worse prognosis in patients with chronic 
lymphatic leukaemia [21, 22]. The SNP rs1944423 is located 
in BCL-2 gene in the potential binding site for transcription 
factors [23]. The promoter of the TNF alpha gene contains two 
SNP TNFA -308 G/A (rs1800629) and -238 G/A (rs361525). 
These promoter polymorphisms show an influence on expres-
sion of TNF alpha [24].

Patients and methods 

The study protocol was approved by the Multidisciplinary 
Ethics’ Committee of St. Anne’s University Hospital Brno 
(www.fnusa.cz). Inclusion criteria were as follows: age over 
18 years, signed informed consent, CDDP therapy with 
expected survival longer than 6 months, absence of other 
factors potentially predisposing to hearing impairment (such 
as pre-treatment history of long-term noise exposure) and 
history of middle ear diseases. Normal findings on otoscopic 
examination, normal hearing, or very mild sensorineural 
hearing loss(with hearing thresholds ≤ 35 dB in all frequencies 
between 125Hz and 8 kHz and ≤ 50 dB for frequencies over 
8 kHz were required).

A group of 52 men and 3 women, who underwent CDDP 
treatment at the Masaryk Memorial Cancer Institute Brno, 
was recruited, Table 1. This group was characterised by ho-
mogeneity in terms of used therapeutic schemes and doses 
administered in the individual cycles. As a condition of entry 
into the study was the absence of pre-existing hearing disor-
ders, therefore, mainly young men diagnosed with seminoma 
entered the study. This explains the very atypical distribution 
of sex and age seen in the study group.

The patients underwent one of the following chemo-
therapeutic schemes: BEP (bleomycin, etoposide, CDDP), EP 
(etoposide, CDDP), CVD (CDDP, vinblastine, dacarbazine), 
FU/CDDP (5-fluorouracil, CDDP) or CDDP in monotherapy. 
All these schemes were characterised by the same dose of 
CDDP (80-100 mg/m2) administered in every cycle. During 
the course of one cycle this dose was usually administered 
over a period of 5 days. The interval between consecutive 
cycles was 21 days.

The initial examination was performed 5 – 0 days before 
administration of the first chemotherapy cycle, further ex-
aminations were scheduled for 2 – 5 days after the end of 
chemotherapy administration in each cycle, 5 – 0 days before 
treatment administration in the following cycle, and 21 – 
30 days after the end of chemotherapy. A final examination was 
performed 80 – 100 days after the end of chemotherapy.

Table 1. Characteristics of the patient group

 Total N=55

Gender Men
Women

52 (95 %)
3 (5 %)

Follow up (in days) Median (5 – 95 percentil) 273 (20 – 1024)
Age Median (5 – 95 percentil) 35 (22 – 59)

Diagnosis (ICD-10)

C21 1 (2 %)
C300 1 (2 %)
C320
C435
C621

1 (2 %)
4 (7 %)

48 (87 %)
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Audiometry. The hearing examination was carried out us-
ing high-frequency pure tone threshold audiometry (hfPTA) 
examining frequencies in the range of 125 Hz-12 kHz. Tinnitus 
was considered as a subjective symptom which was recorded as 
either worsened or not worsened after the treatment. HfPTA 
readings were performed in all patients using an audiometer 
Madsen Orbiter 922 and an Eymasa audiometric booth. 
Currently there is no universally acceptable classification of 
clinical manifestation of ototoxicity. Therefore, hearing loss 
representing ototoxicity was determined by adapting and 
simplifying “Muenster’s classification”, where worsening by ≥ 
10 dB in ≥2 examined frequencies or ≥ 15 dB in 1 examined 
frequency (as recorded by hfPTA examination) was considered 
as a manifestation of ototoxicity [25].

Genotyping. DNA was isolated from leukocytes taken 
from the venous blood sample obtained prior to the start 
of chemotherapy with S-Monovette (Sarstedt) tube system 
using EDTA as an anticoagulant. The DNA isolation was 
performed by NucleoSpin Blood xL (Mancherey-Nagel) 
isolation kit. The candidate genes for the study were selected 
following extensive literature review. The study focused on 
genes potentially involved in CDDP or ROS metabolism 
and cellular response to the damage. Gene polymorphisms 
with functional effect on gene products were preferred. 
Copy number variations of GSTT1 and GSTM1 candidate 
genes were detected using TaqMan Copy Number Assays 
Hs00010004_cn and Hs02575461_cn (Life Technologies). 
Allelic variants of candidate genes SNPs were detected using 
TaqMan Genotyping Assays (Life Technologies). Genotyping 
was carried out using a real time cycler ABI 7000 (Applied 
Biosystems).

The statistical evaluation was performed using STATIS-
TICA (data analysis software system), version 12. StatSoft, 
Inc. (2013) www.statsoft.com.

The software MIDAS [26] was used to analyse possible 
linkage disequilibria between the alleles located on the same 
chromosome.

Results

In total 55 patients treated with CDDP were examined by 
audiometry and genotyped. Careful monitoring of tinnitus 
occurrence for the entire period of CDDP treatment showed 
no significant association with the administered CDDP dose, 
hearing impairment or patients’ genotypes. The graph describ-
ing hearing impairment during the course of therapy shows 
a steep increase in the number of affected patients after the 
second cycle of chemotherapy, whereas additional cycles of 
chemotherapy do not show any further increase of hearing 
impairment Fig. 1. This trend is especially apparent in hear-
ing thresholds at high frequencies. That is why, we decided to 
analyse the progress of hearing impairment after each phase 
of the CDDP therapy, instead of the final results, following all 
cycles of CDDP. 

Our data show that some of the patients’ genotypes and al-
lelic variants were significantly associated with manifestation 
of CDDP ototoxicity from the beginning of the therapy. The 
difference in CDDP induced ototoxicity between carriers of 
two copies of gene for GSTT1 and carriers of one or no copy 
was statistically significant before the second cycle of CDDP 
(p=0,009).The T allele of rs9332377 polymorphism in the gene 
for COMT was associated with higher risk of early onset of 
ototoxicity (p=0,001) before the second cycle of CDDP.

Statistically significant associations of the candidate gene 
polymorphisms with early hearing impairment after CDDP 
therapy are detailed in Table 2. The final status of hearing 
impairment recorded by audiometry performed 80 – 100 days 
after chemotherapy did not associate with any alleles of GSTT1 

Figure 1. Progress of hearing impairment in the course of therapy (N=55)

http://www.statsoft.com
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or COMT genes. All other genetic polymorphisms studied 
did not show any association with hearing impairment in 
CDDP treated patients during the whole course of the therapy. 
Minor allele frequencies (MAF) did not show any statistically 
significant differences from HapMap referred MAFs Table 3. 
Subjectively perceived onset or aggravation of tinnitus did not 
show any associations with the analysed parameters.

The possibility of linkage disequilibrium between the 
GSTT1 copy number variation and COMT SNP rs9332377 
was tested by software MIDAS and the result strongly sup-
ports the absence of such a phenomenon (D= 0,13122, 
r2=0,00308).

Discussion

In accordance with previously published data the deteriora-
tion of hearing, documented using hfPTA [3, 4, 5, 27, 28], was 
detected at the early phases of the treatment. 

The inter-patient sensitivity to manifestation of ototoxicity 
is highly variable and our objective was to determine the degree 
of genetic dependence of this sensitivity. This was a prospective 
study evaluating ototoxicity induced by therapeutic doses of 
cisplatin in patients with testicular cancer who were treated 
with the same dosing schedule of CDDP. That as well as ensur-
ing a good status of hearing in all participating patients before 
the treatment was given, achieved high homogeneity of the 
group in terms of CDDP pharmacokinetics. This was crucial 
in the detection of early stages of ototoxicity.

While the link between long-term results of ototoxic-
ity manifestation, genetic background coding the enzymes  
metabolizing reactive oxygen species (ROS) could not be 
established, we have found an interesting association between 
early onset of ototoxicity symptoms, genetic background cod-
ing the GST family enzymes and COMT.

The early onset of ototoxicity was associated with the 
presence of two copies of the gene coding GSTT1. This result 
agrees with the results of other, already published studies [29, 
30] which stated that the presence of alleles coding for less 
active forms of GSTP1 as well as the deletion of the gene for 
GSTM1 were the protective factors against CDDP induced 
ototoxicity.

This dependence has no straightforward explanation as the 
GSTT1 glutathione-S-transferase has a higher activity and 

Table 2. Minor allele frequencies (MAF) of SNPs studied

Gene Symbol NCBI SNP  
Reference

MAF  
(our results)

MAF  
(European population  

according to NCBI dbSNP)
GSTP1 rs1695 G 0.28 G 0.40
NOS2 rs2297518 A 0.19 A 0.17
SOD2 rs4880 A 0.43 C 0.45
IL6;LOC541472 rs1800796 C 0.06 C 0.04
IL1A rs1800587 A 0.32 A 0.25
BCL2;KDSR rs1944423 A 0.25 A 0.21
LTB;LTA;TNF rs361525 A 0.02 A 0.05
LTB;TNF;LTA rs1800629 A 0.13 A 0.17
BCL2 rs2279115 G 0.46 G 0.43
ARVCF,COMT rs9332377 T 0.22 T 0.16
TPMT rs12201199 T 0.04 T 0.05

Table 3. Comparison of grouped genotype and allele counts of selected genetic markers in GSTT1 and COMT gene between patients with and without 
worsened hearing by tone audiogram. Selection of the results.

Worsened hearing by tone audiogram; examination according to cycle2

After 1st cycle Before 2nd cycle After 2nd cycle Before 3rd cycle

Genotype/allele1 YES NO YES NO YES NO YES NO
GSTT1 +/+ 7 (63.6%) 14 (32.6%) 10 (71.4%) 11 (28.2%) 12 (54.5%) 8 (26.7%) 8 (66.7%) 6 (24.0%)

+/- & -/- 4 (36.4%) 29 (67.4%) 4 (28.6%) 28 (71.8%) 10 (45.5%) 22 (73.3%) 4 (33.3%) 19 (76.0%)
p3 0.085 0.009 0.050 0.027
OR (95% CI)4 3.625 (0.908; 14.470) 6.364 (1.645; 24.624) 3.300 (1.029; 10.588) 6.333 (1.398; 28.697)
COMT CT&TT 7 (63.6%) 15 (34.1%) 11 (78.6%) 11 (27.5%) 14 (63.6%) 8 (25.8%) 9 (75.0%) 6 (23.1%)

CC 4 (36.4%) 29 (65.9%) 3 (21.4%) 29 (72.5%) 8 (36.4%) 23 (74.2%) 3 (25.0%) 20 (76.9%)
p3 0.094 0.002 0.011 0.005
OR (95% CI)4 3.383 (0.853; 13.416) 9.667 (2.261; 41.337) 5.031 (1.540; 16.439) 10.000 (2.032; 49.215)
COMT allele T 7 (31.8%) 17 (19.3%) 13 (46.4%) 11 (13.8%) 16 (36.4%) 8 (12.9%) 11 (45.8%) 6 (11.5%)

allele C 15(68.2%) 71 (80.7%) 15 (53.6%) 69 (86.3%) 28 (63.6%) 54 (87.1%) 13 (54.2%) 46 (88.5%)
p3 0.249 0.001 0.009 0.002
OR (95% CI)4 1.949 (0.688; 5.523) 5.436 (2.044; 14.456) 3.857 (1.472; 10.110) 6.487 (2.014; 20.898)

1 In the marker GSTT1 + stands for presence of allele; – stands for deletion of allele. One patient with genotype ++/+ was excluded from statistical evaluation 
(N=54 patients after 1st cycle). Marker COMT was evaluated in 55 patients (after 1st cycle).
2 The hearing impairment was evaluated during examination according to the cycle; YES stands for hearing impairment; NO stands for none hearing impairment 
beside initial hearing condition.
3 The statistical significance was evaluated by Fisher’s exact test.
4 Odds ratio together with 95% confidence interval
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participates in CDDP detoxification as well as in the cellular 
defence against oxidative stress, which is induced by CDDP. 
Most authors explain this paradox by suggesting a competition 
for substrate. It is well known that patients with malignancies 
regularly suffer from nutritional deficiency which includes 
also the lack of glutathione necessary for GST to work. There-
fore, the CDDP detoxification process and the metabolizing 
of ROS are prone to impairment in this case. The activity of 
GST also differs in various locations of the body depending 
on the metabolic turnover, which means that the glutathione 
might be consumed or redistributed to the tissues with higher 
metabolic activity. The final result in the case of a genotype 
consisting of two copies of GSTT1 might be the lack of glu-
tathione in the sensory inner ear cells causing the impairment 
of detoxification of CDDP and ROS with a subsequently more 
serious picture of ototoxicity.

The same mechanism may also explain the difference 
between an early and a long-term manifestation of CDDP 
ototoxicity related to a genetic background of GST family 
enzymes. The less active form of the enzyme consumes its sub-
strate more slowly, but continuing the treatment with cytostatic 
drugs could also worsen symptoms of malnutrition and cause 
the consumption of glutathione and impairment of CDDP and 
ROS detoxification. That is why it might be just a matter of time 
before ototoxicity induced hearing loss finally occurs.

The explanation of the association of COMT genetic 
polymorphism with CDDP induced ototoxicity seems to 
be analogical. Some authors explain the association of gene 
for COMT with CDDP ototoxicity, with the fact that S-
adenosylmethionine is a common substrate for TPMT and 
COMT [15]. The plausible interpretation could also be that 
4-methylcatechol demonstrates a neuro-protective effect in 
CDDP induced ototoxicity [12].

To some extent this study replicates previously published 
data but this time in adults, not children. Verification of 
findings in associated studies is important but often under-
estimated as many authors try to publish new original results 
whilst published data remains unconfirmed [31]. 

Despite the fact that the importance of our results is more 
theoretical than clinical, the logical explanation of our results 
may have a clinical application. If the weakest point of the 
protective and detoxifying mechanisms is the lack of substrate 
available for enzyme function, nutritional supplements con-
taining substrate might improve the final outcome of CDDP 
induced ototoxicity as well as reduce other negative side 
effects of CDDP treatment. S-Adenosylmethionine (SAMe) 
which is commercially available in the USA is also reported 
to increase intracellular levels of glutathione [32], which can 
also be achieved by supplementation of vitamin D [33]. On 
the other hand, the increased level of substrates of antioxidant 
enzymes could also protect the tumor cells against cytostatic 
drug effects.
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