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Abstract

Objectives: To provide new information on factors associated with discrepancies between 

patient-reported and audiometrically-defined hearing loss (HL) in adult-onset cancer survivors 

after cisplatin-based chemotherapy (CBCT) and to comprehensively investigate risk factors 

associated with audiometrically-defined HL.

Design: A total of 1,410 testicular cancer survivors (TCS) ≥6 months post-CBCT underwent 

comprehensive audiometric assessments (0.25-12 kHz) and completed questionnaires. HL 

severity was defined using American Speech-Language-Hearing Association (ASHA) criteria. 

Multivariable multinomial regression identified factors associated with discrepancies between 

patient-reported and audiometrically-defined HL, and multivariable ordinal regression evaluated 

factors associated with the latter.
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Results: Overall, 34.8% of TCS self-reported HL. Among TCS without tinnitus, those with 

audiometrically-defined HL at only extended high frequencies (EHFs) (10-12 kHz) (17.8%) 

or at both EHFs and standard frequencies (0.25-8 kHz) (23.4%) were significantly more 

likely to self-report HL than those with no audiometrically-defined HL (8.1%) (OR=2.48; 

95%CI, 1.31-4.68 and OR= 3.49; 95%CL,1.89-6.44, respectively). Older age (OR=1.09; 95%CI, 

1.07-1.11, P<0.0001), absence of prior noise exposure (OR=1.40; 95%CI, 1.06-1.84, P=0.02), 

mixed/conductive HL (OR=2.01;95%CI, 1.34-3.02, P=0.0007), no hearing aid use (OR=5.64; 

95%CI, 1.84-17.32, P=0.003), and lower education (OR, 2.12; 95%CI, 1.23-3.67, P=0.007 
for high school or less education vs. post-graduate education) were associated with greater 

underestimation of audiometrically-defined HL severity, while tinnitus was associated with greater 

overestimation (OR, 4.65; 95%CI, 2.64-8.20 for a little tinnitus, OR, 5.87; 95%CI, 2.65-13.04 for 

quite a bit tinnitus, and OR, 10.57; 95%CI, 4.91-22.79 for very much tinnitus P<0.0001). Older 

age (OR=1.13; 95%CI, 1.12-1.15, P<0.0001), cumulative cisplatin dose (>300 mg/m2, OR=1.47; 

95%CI, 1.21-1.80, P=0.0001), and hypertension (OR=1.80; 95%CI, 1.28-2.52, P=0.0007) were 

associated with greater ASHA-defined HL severity, whereas post-graduate education (OR=0.58; 

95%CI, 0.40-0.85, P=0.005) was associated with less severe HL.

CONCLUSIONS: Discrepancies between patient-reported and audiometrically-defined HL after 

CBCT are due to several factors. For survivors who self-report HL, but have normal audiometric 

findings at standard frequencies, referral to an audiologist for additional testing and inclusion of 

EHFs in audiometric assessments, should be considered.

Introduction

Testicular cancer (TC) is the most common malignancy among men age 20-39 years (Hayes-

Lattin et al. 2009), with 10-year survival rates >95% (Travis et al. 2010), due largely to the 

introduction of cisplatin-based chemotherapy (CBCT) in the 1970s (C. Fung et al. 2018). 

Although TC survivors (TCS) can live over 40 years after treatment (Capocaccia et al. 

2015), they remain at risk for short-term and long-term CBCT side effects (Travis et al. 

2010). Hearing loss (HL), a common cisplatin toxicity, is permanent and irreversible (Frisina 

et al. 2016; Chunkit Fung et al. 2017; Kerns et al. 2018). No FDA-approved treatments 

exist to prevent cisplatin-induced HL (Landier 2016) and there are no medical therapies 

to restore auditory function (Cruickshanks et al. 2015). HL is associated with poorer 

health-related quality-of-life (HRQOL), depression, cognitive decline, and social isolation 

(Amieva et al. 2015; Dalton et al. 2003; Li et al. 2014; Stephens et al. 2001). Although 

the optimal assessment for HL is pure-tone audiometry (Baiduc et al. 2013), evaluation of 

patient-reported symptoms are increasingly recognized as valid, important (LeBlanc et al. 

2017), and time/cost-effective (Oldenburg et al. 2006). However, subjective perceptions of 

HL differ from audiometrically-defined HL in the general population (Hong et al. 2011; 

Kamil et al. 2015; Kirk et al. 2012), and in CBCT-treated TCS (Bokemeyer et al. 1998; 

Frisina et al. 2016). Discrepancies in the former are associated with age (Ikeda et al. 2009; 

Kamil et al. 2015; Kiely et al. 2012; S. Y. Kim et al. 2017; Ramkissoon et al. 2011), race 

(Kamil et al. 2015), gender (Kamil et al. 2015; S. Y. Kim et al. 2017), education (Kamil et 

al. 2015; S. Y. Kim et al. 2017), tinnitus (S. Y. Kim et al. 2017), occupation (S. Y. Kim et al. 

2017), middle ear conditions (Louw et al. 2018), anxiety/depression (S. Y. Kim et al. 2017), 

hearing aid use (S. Y. Kim et al. 2017), smoking (Ramkissoon and Cole 2011), and noise 
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exposure (Ramage-Morin et al. 2019). In contrast, no investigation to date addresses factors 

associated with discrepancies in patient-reported versus audiometric HL in cancer survivors, 

in whom adaptation to symptoms over time may lead to underreporting, a phenomenon 

known as response shift (Ilie et al. 2019).

Audiometrically-defined HL after CBCT in TCS has been associated with age, cumulative 

cisplatin dose, and hypertension (Frisina et al. 2016). As in de novo HL, additional risk 

factors may be operational, but have not been examined in adult-onset CBCT-treated cancer 

survivors. In the general population, these include dyslipidemia (Helzner et al. 2011; J. 

Shargorodsky et al. 2010), body mass index (BMI) (Curhan et al. 2013), waist circumference 

(Cruickshanks et al. 2015; Curhan et al. 2013; Engdahl et al. 2015; Linssen et al. 2014), 

diabetes (Agrawal et al. 2009; Bainbridge et al. 2008; Cruickshanks et al. 2015; Engdahl 

et al. 2015), alcohol consumption (Engdahl et al. 2015), and physical activity (Curhan 

et al. 2013; Engdahl et al. 2015). Cardiometabolic factors (e.g., obesity, hypertension, 

dyslipidemia, diabetes, cerebrovascular disease) are associated with HL due to compromised 

vascular supply to the stria vascularis, resulting in impaired cochlear function. In contrast, 

physical activity can improve cochlear vascular endothelial function; thus, protecting against 

HL (Curhan et al. 2013). Since recommended cisplatin doses to treat metastatic TC are 

relatively fixed, and since cisplatin can directly increase the risk of ototoxicity through 

cochlear damage or indirectly through increased risk of cardiometabolic adverse health 

outcomes (C. Fung et al. 2018), it is important to identify and manage the modifiable 

cardiometabolic risk factors that may contribute to HL. Additionally, understanding the 

association between cardiometabolic factors and HL in cisplatin-treated cancer survivors is 

important to inform cancer care plans.

Our aim was to provide new information on factors associated with discrepancies between 

patient-reported and audiometrically-defined HL in a large, clinically well-characterized 

cohort of CBCT-treated TCS and to comprehensively investigate those factors known to be 

associated with HL in the general population.

Methods

Study Population

Patients were enrolled in the Platinum Study that includes nine sites in the U.S., Canada, 

and the United Kingdom (see text, Supplemental Digital Content 1, which describes 

supplementary methods). This study was approved by each institution’s IRB, with patients 

providing written informed consent. Cohort methods were described previously (Frisina 

et al. 2016; Chunkit Fung et al. 2017; Kerns et al. 2018). Briefly, eligibility criteria are: 

histological/serological diagnosis of germ cell tumor (GCT) at age ≤60 years, completion of 

first-line CBCT for initial GCT or recurrence after active surveillance, and routine follow-up 

at the enrolling site. This study includes 1,410 TCS ≥6 months postchemotherapy with 

complete audiometric assessments.
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Clinical Characteristics and Patient-reported Outcomes

Standard forms were used by trained personnel to abstract cancer diagnosis and treatment 

information from medical records. Patient-reported “difficulty hearing over the past four 

weeks” was assessed with the European Organization for Research and Treatment of Cancer 

Chemotherapy Induced Peripheral Neuropathy questionnaire (EORTC-CIPN-20) (Postma 

et al. 2005), and tinnitus was evaluated with the Scale for Chemotherapy-Induced Long-

Term Neurotoxicity (SCIN) (Oldenburg et al. 2006). Sociodemographic characteristics, 

health behaviors, and adverse health outcomes (AHOs) were assessed through validated 

questionnaires (see text, Supplemental Digital Content 1, which describes supplementary 

methods) (Ainsworth et al. 2011; Chasan-Taber et al. 1996; Oldenburg et al. 2006; Postma et 

al. 2005; Taylor et al. 1978; Ventry et al. 1982; Ware et al. 1992).

Audiometric Assessments

Audiometric assessments were designed by a hearing scientist (RDF) and described in detail 

previously (Frisina et al. 2016). Briefly, bilateral pure-tone air conduction thresholds were 

conducted at frequencies 0.25-12 kHz. Bone-conduction thresholds (frequencies: 0.25-4 

kHz) assessed middle ear dysfunction.

HL classification/severity.—Air-conduction hearing thresholds and HL severity were 

classified according to American Speech-Language-Hearing Association (ASHA) criteria, 

with HL defined as thresholds at any frequency that exceeded 20 dB for either ear (Frisina 

et al. 2016; Le Prell et al. 2011). HL severity criteria were: mild (21-40 dB), moderate 

(41-55 dB), moderately severe (56-70 dB), severe (71-90 dB), and profound (>91 dB) for ≥ 

one frequency for either ear (American Speech-Language-Hearing Association (ASHA) ; 

Frisina et al. 2016). Taking into account middle ear dysfunction, HL was grouped as 

pure sensorineural HL, pure conductive HL, and mixed HL (Frisina et al. 2016) (see text, 

Supplemental Digital Content 1, which describes supplementary methods).

Statistical Analysis

Percentages and medians (ranges) were used for discrete and continuous variables, 

respectively. Proportions of patient-reported difficulty hearing were compared between TCS 

with no-audiometrically-defined HL and those in each of the following categories by chi-

square tests: audiometrically-defined HL at only extended high frequencies (EHFs) (10-12 

kHz), at only standard frequencies (0.25-8 kHz), or at both sets of frequencies (see text, 

Supplemental Digital Content 1, which describes supplementary methods). Odds ratios (OR) 

and 95%CI were calculated for each comparison (Harrington et al. 2019).

Discrepancies between patient-reported and audiometrically-defined HL using ASHA 

criteria (0.25-12 kHz) were classified as follows; concordance (matched severity between 

patient-reported and audiometrically-defined HL), underestimation (less severe patient-

reported vs. audiometrically-defined HL), and overestimation (more severe patient-reported 

vs. audiometrically-defined HL).

The following variables were selected for inclusion in the crude analysis of discrepancies 

between patient-reported and audiometrically-defined HL since they were associated 
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with differences between subject-reported and audiometrically-defined HL in the general 

population: age (Ikeda et al. 2009; Kamil et al. 2015; Kiely et al. 2012; S. Y. Kim et 

al. 2017; Ramkissoon and Cole 2011), race (Kamil et al. 2015), education (Kamil et al. 

2015; S. Y. Kim et al. 2017), tinnitus (S. Y. Kim et al. 2017), occupation (S. Y. Kim et 

al. 2017), middle ear conditions (Louw et al. 2018), anxiety/depression (S. Y. Kim et al. 

2017), hearing aid use (S. Y. Kim et al. 2017), smoking (Ramkissoon and Cole 2011), 

and noise exposure (Ramage-Morin et al. 2019). We additionally tested for the effect of 

“time since chemotherapy completion” to assess for “response shift” (Ilie et al. 2019), and 

evaluated the effect of self-reported health on discrepancies between patient-reported and 

audiometrically-defined hearing loss.

Crude multinomial logistic regression models evaluated the relation between each 

independent variable of interest and discrepancy between patient-reported and 

audiometrically-defined HL as the dependent variable (concordance as reference category). 

Variables with Wald chi-square P≤0.25 were selected for inclusion in the initial set of 

predictors for the multivariable model (Stoltzfus 2011). The final multivariable model was 

constructed through backward elimination of variables with Wald chi-square P>0.10. The 

rationale for a two-stage (crude and adjusted) approach was two-fold. First, both crude 

results (which answers whether this is an association) and adjusted results (which answers 

whether there is a unique association controlling for other predictors including potentially 

confounding covariates) can help interpret findings in the context of prior literature. 

Second, using crude associations to screen variables for inclusion in the subsequent variable-

selection modeling was helpful because too many independent variables in the early steps of 

the backward-elimination process may lead to unstable results, multicollinearity problems, 

and reduced generalizability beyond the study sample; (Stoltzfus 2011) further, variables 

screened at a liberal 0.25 alpha are unlikely to be significant in multivariable models.

To assess associations between independent variables of interest and HL severity (dependent 

variable), age-adjusted ordinal logistic regression models were used (since age is a known 

HL risk factor (National Academies of Sciences 2016b)). The following variables were 

included in the age-adjusted analysis of factors associated with ASHA-defined HL severity 

since they are associated with HL in the general population: age (Cruickshanks et al. 

2015; Hoffman et al. 2017; Linssen et al. 2014), race (Hoffman et al. 2017), education 

(Cruickshanks et al. 2015; Hoffman et al. 2017), hypertension (Brant et al. 1996; Przewozny 

et al. 2016), dyslipidemia (Helzner et al. 2011; J. Shargorodsky et al. 2010), body mass 

index (BMI) (Curhan et al. 2013), waist circumference (Cruickshanks et al. 2015; Curhan et 

al. 2013; Engdahl et al. 2015; Linssen et al. 2014), diabetes (Agrawal et al. 2009; Bainbridge 

et al. 2008; Cruickshanks et al. 2015; Engdahl et al. 2015), smoking (Agrawal et al. 2009; 

Cruickshanks et al. 2015; Engdahl et al. 2015; Helzner et al. 2011), alcohol consumption 

(Engdahl et al. 2015), noise exposure (Agrawal et al. 2009; Hoffman et al. 2017); and 

physical activity (Curhan et al. 2013; Engdahl et al. 2015). In addition, age (Brydoy et al. 

2009; Frisina et al. 2016; Glendenning et al. 2010), cumulative cisplatin dose (Bokemeyer et 

al. 1998; Brydoy et al. 2009; Chen et al. 2006; Frisina et al. 2016; Glendenning et al. 2010; 

Haugnes et al. 2018; Theunissen et al. 2015), hypertension (Frisina et al. 2016), a history of 

noise exposure (Bokemeyer et al. 1998), educational level (Brydoy et al. 2009), and smoking 

(Brydoy et al. 2009) have been reported to be associated with cisplatin-induced HL.
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ASHA-defined HL severity categories were used based on frequencies previously shown 

to exhibit significant dose-dependent relations with cumulative cisplatin amount (4-12 

kHz) (Frisina et al. 2016). Variables with Wald chi-square P≤0.25 were included in the 

multivariable model (Stoltzfus 2011). The final multivariable model was constructed through 

backward elimination of variables with Wald chi-square P>0.10. For all ordinal logistic 

regression models, the proportional odds assumption was evaluated with the Score chi-

square test (Gameroff 2005).

There was no multicollinearity between independent variables in the final models using the 

variance inflation factor (VIF<5) (Allison 2012; J. H. Kim 2019). All tests were two-sided, 

and ORs (95%CIs) were reported for all models. A 95% CI that did not overlap 1.00 and 

2-tailed P < 0.05 were considered statistically significant. All analyses were performed using 

SAS version-9.4 (SAS Institute).

Results

Population Characteristics

Median age at audiometry for 1,410 TCS was 37 years (range=18-74 years) and median 

time since chemotherapy-completion, 3.1 years (range=0.5-31.9 years). Overall median 

cumulative cisplatin dose was 400 mg/m2 and 92.7% of participants received etoposide 

and cisplatin with/without bleomycin (BEP/EP). The population was largely white (87.4%), 

college-educated (67.5%), and never-smokers (61.3%) (Table 1). Overall, 34.8% reported 

difficulty hearing, while 77.8% had audiometrically-defined HL (Table 2).

Audiometrically-defined versus Patient-reported HL

Patients with HL at only EHFs (OR=1.51; 95%CI, 1.02-2.24) or both sets of frequencies 

(OR=3.68; 95%CI, 2.58-5.25) were significantly more likely to report difficulty hearing 

vs. TCS without audiometrically-defined HL. But, for patients with HL at only standard 

frequencies, there was no statistically significant difference between audiometrically-defined 

HL and self-reported hearing difficulty (OR=1.59; 95%CI, 0.78-3.23; n=48) compared with 

TCS without audiometrically-defined HL (Table 3).

After exclusion of patients with tinnitus (Table 4), the effect size comparing difficulty 

hearing for patients with HL at only EHFs vs. no audiometrically-defined HL increased 

(OR=2.48; 95%CI, 1.31-4.68). Only those patients with audiometrically-defined HL at both 

sets of frequencies reported significantly greater ‘problems hearing speech-in-background-

noise’ vs. those without audiometrically-defined HL (OR=2.10; 95%CI, 1.21-3.64).

Given the above results and the known importance of EHFs in speech perception (Monson et 

al. 2014), all frequencies (0.25-12 kHz) were included in analyses of discrepancies between 

patient-reported and audiometrically-defined HL. Only 375 (27.1%) patients were in the 

concordance group, whereas 902 (65.1%) underestimated and 109 (7.9%) overestimated HL 

severity (Figure 1).

Crude associations of independent variables of interest with discrepancies between patient-

reported and audiometrically-defined HL were performed using multinomial logistic 
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regression models (see Table 5). Table 6 shows the final multivariable model. Using 

the concordant group as reference, the following factors were significantly associated 

with greater underestimation of audiometrically-defined HL severity: older age (OR=1.09; 

95%CI, 1.07-1.11), no prior noise exposure (OR=1.40; 95%CI, 1.06-1.84), mixed/

conductive HL (OR=2.01; 95%CI, 1.34-3.02), no hearing aid use (OR=5.64; 95%CI, 

1.84-17.32), and lower education vs. post-graduate [including high school or less (OR=2.12; 

95%CI, 1.23-3.67) and college or university graduate (OR=1.57; 95%CI, 1.12-2.20)]. 

Tinnitus was associated with greater overestimation of audiometrically-defined HL severity 

(OR=4.65, 5.87, and 10.57 for “a little”, “quite a bit”, and “very much”, respectively P 
each<0.0001). While time since chemotherapy was significantly associated with greater 

hearing loss underestimation (Table 5), it lost its significance in the multivariable model 

when adjusting for other variables; thus, it was removed from the final model.

Factors Associated with ASHA-defined HL Severity

Age-adjusted associations between variables related to HL in the general population 

as reviewed above (e.g., BMI, waist circumference, alcohol consumption, hypertension, 

diabetes, hypercholesterolemia, cardiovascular disease (CVD), and noise exposure) and 

ASHA-defined HL severity were performed using ordinal logistic regression models (see 

Table 7). In the final multivariable ordinal logistic regression model (Table 8), the following 

variables showed significant associations with greater ASHA-defined HL severity: older 

age (OR=1.13; 95%CI, 1.12-1.15), cumulative cisplatin dose (>300 mg/m2) (OR=1.47; 

95%CI, 1.21-1.80), and hypertension (OR=1.80; 95%CI,1.28-2.52). Post-graduate education 

(OR=0.58; 95%CI, 0.40-0.85) was associated with less ASHA-defined HL severity.

Discussion

The Platinum Study represents the largest cohort of CBCT-treated patients in which both 

comprehensive audiometric assessments and patient-reported HL were rigorously evaluated. 

It thus affords a unique opportunity to provide new information on factors associated with 

discrepancies between audiometrically-defined and patient-reported HL that could influence 

the success of post-chemotherapy HL management strategies. To our knowledge, this is 

the first study to evaluate these factors in adult-onset cancer survivors, with previous 

investigations conducted only in the general population. An important new finding is 

that a significantly greater proportion of patients with HL at only EHFs (10-12 kHz) 

self-reported difficulty hearing vs. patients with no audiometric HL, showing for the first 

time to our knowledge that deficits restricted to this range are perceptible to about 1 

in 4 of all survivors after CBCT. Factors associated with discrepancies between patient-

reported and audiometrically-defined HL included age, mixed/conductive HL, absence of 

prior noise exposure, education, hearing aid use, and tinnitus. Time since chemotherapy 

completion, was not significantly associated with discrepancies between patient-reported 

and audiometrically-defined HL in the multivariable model, suggesting that response 

shift in this relatively young cohort of TCS with median follow-up of 3 years, was not 

playing a significant role in HL discrepancies. Older age, larger cumulative cisplatin doses, 

and hypertension were associated with greater ASHA-defined HL severity, while higher 

education was associated with less severity.
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Extended High-Frequency HL

We show that audiometrically-defined HL restricted to EHFs is perceptible to 26.2% of 

adult-onset cancer survivors after CBCT (Table 3) and 17.8% of those without tinnitus 

(Table 4), even with normal findings at standard audiometric frequencies. Although the 

audible range for most individuals extends to 15 kHz (Monson et al. 2014), studies on the 

perceptual effects of high frequencies are limited. High frequency energy (5.7-22 kHz) 

is important in the perception of music/speech in terms of sound quality/localization, 

consonant recognition, and understanding speech in noisy environments (Monson et al. 

2014).

Our findings show that for patients with self-reported HL after CBCT but normal 

audiometric findings (0.25-8 kHz), referral to an audiologist for additional testing and 

inclusion of EHFs should be encouraged. This is especially important in relatively young 

TCS, since they are less likely to experience the deficits in EHFs that accompany 

aging (Skalleberg et al. 2020). To our knowledge, there are no follow-up guidelines for 

audiometric assessments in CBCT-treated adult-onset cancer survivors. Available guidelines 

for CBCT-treated childhood cancer survivors recommend testing hearing thresholds at 

0.25-8 kHz(Bass et al. 2016) and >8 kHz (Clemens et al. 2019). ASHA guidelines also 

recommend, but do not require, testing 9-20 kHz after ototoxic insults (e.g., cisplatin) 

(American Speech-Language-Hearing Association (ASHA) 1994).

Discrepancies Between Patient-reported and Audiometrically-defined HL

Tinnitus.—We show a strong positive association between tinnitus and HL overestimation 

after CBCT. The effect size of association between even “a little tinnitus” and 

overestimation of HL in our study was two-fold greater than that in the general population 

(S. Y. Kim et al. 2017), suggesting that tinnitus might be a strong factor in TCS that 

could affect the discrepancy between patient-reported and audiometrically defined HL. In 

a normative Canadian population, patients with tinnitus were less likely to underestimate 

HL vs. those without tinnitus (Ramage-Morin et al. 2019). Another investigation showed 

an association of tinnitus with both HL underestimation and overestimation (S. Y. Kim et 

al. 2017), but no adjustment for confounding factors (e.g., noise exposure) was applied. 

In contrast, while adjusting for confounders, we found an independent role of tinnitus in 

HL overestimation. This overestimation may be due to distress associated with tinnitus, 

or a misunderstanding of the interplay between tinnitus and hearing loss in these patients. 

For example, tinnitus has been shown to be associated with anxiety (Crocetti et al. 2009; 

McCormack et al. 2015; Josef Shargorodsky et al. 2010), depression (Crocetti et al. 2009; 

McCormack et al. 2015), and obsessive thoughts (Pattyn et al. 2016); thus, patients’ concern 

with regard to related conditions (Bauer 2018), such as HL, may account for the observed 

overestimation.

Age.—Increasing age was associated with underestimation of HL severity, a finding that 

mirrors the general population (Kamil et al. 2015; Kiely et al. 2012; S. Y. Kim et al. 

2017; Ramkissoon and Cole 2011). Reasons include the progressive nature of HL over time 

resulting in cumulative small changes that go unnoticed (Gordon-Salant 2005), less demand 

for communication among older individuals (Gordon-Salant 2005), and HL denial due to 
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its stigma as an age-related condition (Choi et al. 2016). Thus, self-reported HL may not 

reliably assess age-related HL prevalence (Kiely et al. 2012).

Conductive HL.—We found an association between mixed/conductive HL and greater 

HL underestimation. Similarly, a Korean study found abnormal tympanic membrane status 

(a type of conductive HL) associated with less accurate HL reporting compared with 

audiometric assessments (S. Y. Kim et al. 2017). Conductive HL occurs in the middle or 

external ear and causes impaired sound transmission to inner ear structures. Contributing 

factors include infections, tympanic membrane perforation, changes in stiffness of the 

ossicular chain, and cerumen accumulation (Cunningham et al. 2017; National Research 

Council 2005), with the latter a common cause (Isaacson et al. 2003). Since some of these 

factors primarily reduce sound loudness, rather than cause distortion, and are transient (e.g., 

acute infections), they could result in HL underestimation in some patients.

Noise exposure.—The absence of previous noise exposure was associated with greater 

HL underestimation, possibly due to patients not expecting HL (Ramage-Morin et al. 2019). 

Similarly, among a normative Canadian population, individuals who had not worked in 

noisy environments were more likely to underestimate HL than noise-exposed individuals 

(Ramage-Morin et al. 2019). On the other hand, noise exposure has been associated with 

higher levels of patient-reported difficulty hearing, even with normal audiograms (Tremblay 

et al. 2015).

Education.—Lower education was associated with greater underestimation of HL, 

consistent with studies in the general population (Kamil et al. 2015; S. Y. Kim et al. 

2017). Health literacy may partially account for this observation, since higher education 

is positively correlated with health literacy (An Issue Brief From the U.S. Department 

of Health and Human Services). Individuals with lower health literacy are reported to 

have more difficulty understanding the types of, causes of, and provided services for HL, 

which adds to the misperception these individuals may have when seeking care for hearing 

difficulties (National Academies of Sciences 2016a). Conversely, more highly-educated 

individuals may be more aware of their HL severity, and less likely to underestimate it.

Hearing aid use.—No hearing aid use was associated with more HL underestimation. 

In the general population, greater levels of handicap caused by HL shorten delays in 

seeking/adopting hearing aids (Simpson et al. 2019). Reasons for hearing aid non-use in 

the general population include high cost, difficulties with use/maintenance, and associated 

stigma (National Academies of Sciences 2016c).

Factors Associated with ASHA-defined HL severity

Few studies have examined HL risk factors in CBCT-treated adult-onset cancer survivors, 

taking into account a wide range of audiometric frequencies. Limitations of prior 

investigations included evaluation of only a few frequencies (Brydoy et al. 2009), small 

sample sizes (<100 survivors) (Bokemeyer et al. 1998; Chen et al. 2006; Haugnes et al. 

2018), and confounding by cranial radiotherapy (Chen et al. 2006; Theunissen et al. 2015), 

vincristine (Bokemeyer et al. 1998; Glendenning et al. 2010), or carboplatin (Chen et al. 
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2006; Glendenning et al. 2010), Moreover, previous series (Bokemeyer et al. 1998; Brydoy 

et al. 2009; Chen et al. 2006; Glendenning et al. 2010; Haugnes et al. 2018) did not 

investigate EHFs (>8 kHz) which are important in speech perception as summarized above. 

In addition, these investigations did not take into account factors related to HL in the general 

population, such as BMI, waist circumference, hypercholesterolemia and diabetes (Agrawal 

et al. 2009; Bainbridge et al. 2008; Cruickshanks et al. 2015; Curhan et al. 2013; Engdahl et 

al. 2015; Helzner et al. 2011; Linssen et al. 2014; J. Shargorodsky et al. 2010), nor factors 

that protect against HL, such as physical activity (Curhan et al. 2013; Engdahl et al. 2015). 

We found no influence of these and other factors in CBCT-treated TCS, possibly because 

39% of the patients had less than 2 years of follow-up from completion of chemotherapy 

which might not provide sufficient time for cisplatin-related cardiometabolic events to be 

observed. Thus, these factors should be further examined in other cancer survivor studies.

Cumulative cisplatin dose, age, and hypertension were significantly associated with greater 

HL severity. Our findings support previous studies, in which significant associations were 

found between either cumulative cisplatin dose (Bokemeyer et al. 1998; Brydoy et al. 

2009; Chen et al. 2006; Frisina et al. 2016; Glendenning et al. 2010; Haugnes et al. 2018; 

Theunissen et al. 2015) or age (Brydoy et al. 2009; Frisina et al. 2016; Glendenning et 

al. 2010) and greater HL. Significant associations between hypertension and greater HL 

confirms some previous investigations (Brant et al. 1996; Frisina et al. 2016; Przewozny et 

al. 2016), but contradicts two studies of TCS (Glendenning et al. 2010; Haugnes et al. 2018), 

presumably due to differences in cohort characteristics (e.g., treatment) (Glendenning et al. 

2010), outcome definition (Glendenning et al. 2010; Haugnes et al. 2018), or small sample 

size (Haugnes et al. 2018).

Prior reports in TCS (Brydoy et al. 2009) and the general population (Cruickshanks et al. 

2015; Hoffman et al. 2017) have also shown associations between higher education and 

decreased HL severity. As noted by Hoffman et al.,(Hoffman et al. 2017) lower educational 

level poses a HL risk factor, and could be related to influences associated with lower 

socioeconomic status, including greater noise exposure (Hoffman et al. 2017).

Strengths and Limitations

Strengths of our study include the large sample size, comprehensive audiometric testing, 

use of validated instruments (Postma et al. 2005) to capture HL severity, and analysis of 

clinical and sociodemographic factors. Patients received homogenous CBCT, with >90% 

given BEP/EP regimens at uniform doses. Well-defined approaches were used to select 

independent variables and build multivariable models (Stoltzfus 2011).

Limitations in our analysis of factors associated with HL severity include sparse numbers 

of TCS with diabetes, CVD, use of hearing aids, hypertension, and hypercholesterolemia 

(<12%), limiting our ability to analyze these HL risk factors. Any cross-sectional design, 

such as ours, precludes causal inferences of associations between risk factors and HL.

In conclusion, after CBCT, 1 in 4 of all patients with audiometrically-defined HL restricted 

to EHFs report difficulty hearing, as do 1 in 5 of those without tinnitus. Thus, for patients 

with self-reported HL but normal audiometric findings at standard frequencies (0.25-8 kHz), 
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referral to an audiologist for additional testing and examination of EHFs should be strongly 

considered. Given that patient-reported HL is associated with poorer health-related quality-

of-life, depression, cognitive decline, and social isolation (Amieva et al. 2015; Dalton et 

al. 2003; Li et al. 2014; Stephens et al. 2001), additional studies within our cohort are 

being undertaken to further investigate the impact of HL on physical, social and emotional 

functioning. In the only 2 small audiometric studies of cisplatin-related HL progression 

to date (restricted to children), HL worsened in 33% and 29% of 21 and 36 patients, 

respectively, after a median follow-up of 3.4 and 7 years, respectively (Al-Khatib et al. 2010; 

Bertolini et al. 2004). Thus, longitudinal studies are planned in our cohort to investigate the 

extent to which HL after CBCT might accelerate age-related HL.

Our findings indicate that age, education, mixed/conductive HL, absence of prior 

noise exposure, hearing aid use, and tinnitus can result in discrepancies between 

patient-reported and audiometrically-defined HL. Understanding these factors will enable 

healthcare providers to better interpret patient-reported HL and its use as a surrogate for 

audiometrically-defined HL.

Given the significant association we found between hypertension and HL severity, routine 

follow-up should include hypertension control. In the interim, given the relationships 

reported in the general population between HL and cardiometabolic diseases (e.g., diabetes 

(Agrawal et al. 2009; Bainbridge et al. 2008; Cruickshanks et al. 2015; Engdahl et al. 

2015) dyslipidemia (Helzner et al. 2011; J. Shargorodsky et al. 2010)), BMI (Curhan et al. 

2013) and tobacco use (Agrawal et al. 2009; Cruickshanks et al. 2015; Engdahl et al. 2015; 

Helzner et al. 2011), TCS should be encouraged to adopt behaviors consistent with a healthy 

lifestyle, including smoking cessation, weight control and physical activity. Patients should 

avoid ototoxic drugs that may exacerbate hearing deficits (Centers for Disease Control and 

Prevention 2020) and be advised to wear hearing protection in noisy environments (The 

National Institute for Occupational Safety and Health (NIOSH)).
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Classification of 1,386 Cisplatin-treated Testicular Cancer Survivors by Patient-reported 

Hearing Loss (HL) vs. Audiometrically-defined HL: Underestimation, Concordance, and 

Overestimation. Patient-reported HL (“difficulty hearing”) was assessed with the European 

Organization for Research and Treatment of Cancer Chemotherapy Induced Peripheral 

Neuropathy 20-item quality-of-life questionnaire (EORTC-CIPN-20) on the basis of 

symptoms experienced over the past 4 weeks (Postma et al. 2005). Audiometrically-defined 

HL was defined following methods in Frisina et al. (Frisina et al. 2016) using ASHA criteria 

for frequencies of 0.25 to 12 kHz.

Abbreviations: ASHA, American Speech-Language-Hearing Association criteria; HL, 

hearing loss.
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Table 1.

Clinical and Sociodemographic Characteristics, Health Behaviors, and Physical Examination Findings 

for 1,410 Survivors of Cisplatin-Treated Germ-Cell Tumors (GCT) with Comprehensive Audiometric 

Assessments

Characteristic No. (%)

Clinical characteristic

 Age at GCT diagnosis, years

 Median (range) 31 (10-60)

 <20 95 (6.7)

 20-29 535 (37.9)

 30-39 465 (33.0)

 ≥ 40 315 (22.3)

 Age at audiometry, years

 Median (range) 37 (18-74)

 <20 6 (0.4)

 20-29 298 (21.1)

 30-39 501 (35.5)

 40-49 347 (24.6)

 50-59 214 (15.2)

 ≥ 60 44 (3.1)

 Calendar year of GCT diagnosis 
a

 Before 2000 141 (10.1)

 2000-2009 431 (30.8)

 2010-2017 827 (59.1)

 Histologic type 
b

 Seminoma 380 (27.2)

 Nonseminoma or mixed GCT 1007 (72.0)

 GCT, not otherwise specified 12 (0.9)

 Site of GCT 
c

 Testis 1256 (89.8)

 Extragonadal 143 (10.2)

 Cisplatin-based chemotherapy 
d

 BEP 
e 792 (56.2)

 EP 
f 514 (36.5)

 Otder 
g 104 (7.4)

 Cumulative dose of cisplatin, mg/m2 
h

 Median (range) 400 (100-1402.8)

 <300 73 (5.2)

 300 527 (37.4)
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Characteristic No. (%)

 301-399 58 (4.1)

 400 685 (48.7)

 >400 65 (4.6)

 Time since completion of chemotderapy, years 
i

 Median (range) 3.1 (0.5-31.9)

 <2 537 (38.5)

 2-<5 350 (25.1)

 5-<10 250 (17.9)

 ≥ 10 258 (18.5)

Sociodemographic characteristic

 Race 
j

 White 1184 (87.4)

 African American 12 (0.9)

 Asian 63 (4.7)

 Otder 96 (7.1)

 Education 
k

 High school or less 146 (10.5)

 After high school but not college graduate 308 (22.1)

 College or university graduate 602 (43.2)

 Post-graduate 338 (24.3)

 Employment status 
l

 Unemployed 96 (7.0)

 Employed 1224 (88.9)

 Retired 27 (2.0)

 On disability leave 30 (2.2)

Healtd behavior

 Smoking status 
m

 Never 854 (61.3)

 Former 453 (32.5)

 Current 87 (6.2)

 Average no. alcoholic drinks in past year 
n

 Rarely or never 266 (19.1)

 ≤ 4 per week 634 (45.6)

 5 per week to 1 per day 322 (23.2)

 ≥2 daily 169 (12.2)

 Physical activity (total MET-hours/week) quartiles 
o

 Quartile 1, Median (range) 4.28 (0-10.23)

 Quartile 2, Median (range) 17.5(10.24-26.0)

 Quartile 3, Median (range) 34.5 (26.1-48.4)
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Characteristic No. (%)

 Quartile 4, Median (range) 72.9 (48.5-300)

 Engage in vigorous physical activity (≥ 6 METs) 
p

 Yes 941 (67.5)

 No 453 (32.5)

Physical examination finding

 Body mass index (kg/m2) 
q

 Median (range) 27.3 (18.0-66.6)

 < 25 (normal) 399 (28.5)

 25-29 (overweight) 592 (42.4)

 ≥ 30 (obese/morbidly obese) 407 (29.1)

 Waist circumference, cm 
r

 Median (range) 94 (62-190)

 <102 980 (71.1)

 ≥ 102 399 (28.9)

Abbreviations: BEP, bleomycin, etoposide, and cisplatin; BMI, body mass index; CBCT, cisplatin-based chemotherapy; EP, etoposide and 
cisplatin; GCT, germ cell tumor; MET, metabolic equivalent task; VeIP, vinblastine, ifosfamide, and cisplatin; VIP, etoposide, ifosfamide, and 
cisplatin.

a
Calendar year of diagnosis was not available for 11 participants.

b
Histologic type was not available for 11 participants.

c
Germ cell tumor site was not available for 11 participants.

d
Thirty-eight (2.7%), 577 (41%), 758 (53.8%), and 36 (2.6%) participants received ≤ two, three, four, and five or more cycles of CBCT, 

respectively. Number of cycles was not available for one participant.

e
Includes 173 (21.8%) participants with modification of dosing and schedules of BEP. The remaining 619 participants (78.2%) received the 

standard dosing and standard BEP schedule: each chemotherapy cycle consisted of bleomycin, 30,000 IU days 1, 8, and 15; etoposide 100 mg/m2 

days 1 through 5; and cisplatin 20 mg/m2 days 1 through 5. In addition, 541 (68.3%) and 223 (28.2%) participants received three and four cycles of 

BEP, respectively. Median cumulative cisplatin doses for the BEP group were 300 mg/m2 (range, 100 to 800 mg/m2).

f
Includes 205 (39.9%) participants with modification of dosing and schedules of EP. The remaining 309 participants (60.1%) received the standard 

dosing and standard EP schedule: each chemotherapy cycle consisted of etoposide 100 mg/m2 days 1 through 5 and cisplatin 20 mg/m2 days 1 
through 5. In addition, 456 (88.7%) participants received four cycles of EP. The median cumulative cisplatin doses for the EP group were 400 

mg/m2 (range, 200 to 1402.8 mg/m2).

g
Of 104 participants, 55 received VIP, 32 received cisplatin and ifosfamide; 6 received cisplatin, bleomycin, etoposide, and ifosfamide; one 

received VeIP. For the remaining 10, other combinations of CBCT were applied.

h
Cisplatin dose information was not available for 2 participants.

i
Information on time since completion of chemotherapy was not available for 15 participants.

j
Race not stated for 55 participants.

k
Educational status not stated for 16 participants.

l
Employment status not stated for 33 participants.

m
Smoking status not stated for 16 participants.
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n
Average no. of alcoholic drinks in past year not stated for 19 participants.

o
Physical activity was assessed in this study based on a validated questionnaire (Ainsworth et al. 2011; Chasan-Taber et al. 1996; Taylor et al. 

1978). Participants were asked about the type of physical activity (walking; jogging (>10 min/mile); running (≤10 min/mile); bicycling; aerobic 
exercise; lower intensity exercise such as yoga, stretching, or toning; tennis, squash, or racquetball; lap swimming; weight lifting or stretch 
swimming) and average time per week (during the past year) spent at each of these activities. Participants were also asked about the number of 
flights of stairs they climb daily. A MET value was assigned to each physical activity based on its energy cost. Walking pace was used to calculate 
MET-hours/week from walking (Ainsworth et al. 1993). Physical activity (total MET-hours/week) was derived from reported hours per week of 
each physical activity plus the reported number of climbed flights of stairs per day (Curhan et al. 2013). Physical activity information was not 
provided by 16 participants.

p
Vigorous physical activity was defined based on activities with MET value ≥ 6 (Ainsworth et al. 2011). Physical activity information was not 

provided by 16 participants.

q
BMI not available for 12 participants. Among 407 participants with BM I≥ 30, 358 and 49 participants had a BMI of 30-39 kg/m2 (obese) and ≥ 

40 kg/m2 (morbidly obese), respectively.

r
Abdominal obesity was defined as waist circumference ≥ 102 for men (D. Kim et al. 2019). Waist circumference not available for 31 participants.
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Table 2.

Audiometric Findings and Patient-reported Outcomes for 1,410 Survivors of Cisplatin-Treated Germ-Cell 

Tumors

Characteristic No. (%)

Audiometric findings

 Audiometrically-defined hearing loss (0.25-12 kHz) 
a

 None, ≤ 20dB 312 (22.1)

 Mild, 21-40dB 342 (24.3)

 Moderate, 41-55dB 205 (14.5)

 Moderately severe, 56-70dB 284 (20.1)

 Severe/profound, ≥ 71dB 267 (18.9)

 Type of hearing loss

 None 312 (22.1)

 Pure sensorineural 810 (57.5)

 Pure conductive 11 (0.8)

 Mixed 277 (19.7)

Patient-reported adverse healtd outcome (AHO)

 Difficulty hearing 
b

 Not at all 904 (65.2)

 A little 309 (22.3)

 Quite a bit 122 (8.8)

 Very much 51 (3.7)

 Problems hearing speech-in-background-noise 
c

 No 919 (69.4)

 Yes 406 (30.6)

 Use hearing aid 
d

 No 1366 (98.3)

 Yes 23 (1.7)

 Tinnitus (ringing in ears) 
e

 Not at all 802 (57.7)

 A little 373 (26.9)

 Quite a bit 107 (7.7)

 Very much 107 (7.7)

 Hypertension and on prescription medication 
f

 No 1222 (88.8)

 Yes 154 (11.2)

 Hypercholesterolemia and on prescription medication 
g

 No 1240 (88.9)

 Yes 155 (11.1)
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Characteristic No. (%)

 Diabetes and on prescription medication 
h

 No 1335 (96.7)

 Yes 45 (3.3)

 Cardiovascular disease 
i

 No 1345 (97.8)

 Yes 31 (2.2)

 Use of medications for anxiety and/or depression 
j

 No 1287 (91.3)

 Yes 123 (8.7)

Other

 Noise exposure 
k

 No 802 (57.9)

 Yes 582 (42.1)

 Self-reported healtd 
l

 Excellent 246 (17.6)

 Very good 585 (41.9)

 Good 467 (33.5)

 Fair/poor 97 (6.9)

Abbreviations: AHO, adverse health outcome.

a
Hearing loss was defined using American Speech-Language-Hearing Association criteria (ASHA) classification (American Speech-Language-

Hearing Association (ASHA) ; Frisina et al. 2016) for frequencies of 0.25 to 12 kHz with HL defined as thresholds at any frequency that exceeded 
20 dB for either ear. Among 267 participants with severe/profound hearing loss, 238 and 29 participants had severe (71-90 dB) and profound (>90 
dB) hearing loss, respectively.

b
Difficulty hearing was assessed with the European Organization for Research and Treatment of Cancer Chemotherapy Induced Peripheral 

Neuropathy 20-item quality-of-life questionnaire (EORTC-CIPN-20) on the basis of symptoms experienced over the past 4 weeks (Postma et al. 
2005). This AHO was not available for 24 participants.

c
Problems hearing speech-in-background-noise was defined if patients answered “yes” to the following question “Problems hearing words, sounds, 

or language in crowds?” Data for problems hearing speech-in-background-noise was not available for 28 participants and 57 participants stated to 
be unsure about it.

d
Hearing aid use information was not available for 21 participants. Among 23 participants using a hearing aid, 5 and 18 reported using hearing aid 

for one ear and both ears, respectively.

e
Tinnitus was assessed with the Scale for Chemotherapy-Induced Long-Term Neurotoxicity (SCIN) questionnaire on the basis of symptoms 

experienced over the past 4 weeks (Oldenburg et al. 2006). This AHO was not available for 21 participants.

f
Hypertension and on prescription medication defined as answering “Yes” to (1) have you ever been diagnosed with high blood pressure and “Yes, 

current” to (2) have you ever taken prescription medications for high blood pressure (including current use) (Chunkit Fung et al. 2017). This AHO 
was not available for 34 participants.

g
Hypercholesterolemia and on prescription medication defined as answered “Yes, current” to the following question: have you ever taken 

prescription medications for high cholesterol (Chunkit Fung et al. 2017). This AHO was not available for 15 participants.

h
Diabetes and on prescription medication defined as answering “Yes” to either of the following questions: (1) diabetes requiring insulin or (2) 

diabetes requiring tablets or pills (Chunkit Fung et al. 2017). This AHO was not available for 30 participants.

i
Includes coronary artery disease, heart failure, or cerebrovascular disease. This AHO was not available for 34 participants.
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j
Based on patient-reported prescription medications taken for at least the past 4 weeks. Medication indication was classified as used for anxiety 

and/or depression according to both (1) its pharmacological class and (2) if patients indicated its use was for anxiety and/or depression. 
Participants could report use of more than one medication for anxiety and/or depression. Medications used by 123 participants include alprazolam 
(n=10), bupropion (n=11), buspirone (n=2), citalopram (n=9), clomipramine (n=1), clonazepam (n=21), desvenlafaxine (n=1), duloxetine (n=8), 
escitalopram (n=25), fluoxetine (n=8), fluvoxamine (n=1), lorazepam (n=9), mirtazapine (n=2), nortriptyline (n=1), paroxetine (n=12), sertraline 
(n=17), trazodone (n=5), and venlafaxine (n=12).

k
Noise exposure information was not available for 26 participants. This include 15 participants who did not reply to questions related to 

work-related noise exposure and non-work related noise exposure, 1 patient who answered “no” to work-related noise exposure, but did not 
reply to the question regarding non-work related noise exposure, and 10 patients who answered “no” to non-work related noise exposure, but did 
not reply to the question regarding work-related noise. Among 582 patients reporting noise exposure, 216, 151, and 215 had work-related only, 
non-work-related only, and both work-related and non-work-related noise exposure, respectively.

l
Self-reported health not stated for 15 participants. Among 97 participants with self-reported rated as “fair or poor,” 86 and 11 participants 

indicated fair and poor heath, respectively.
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Table 3.

Patient-Reported Hearing Loss (HL) versus Audiometrically-Defined HL at Extended-High Frequencies (10 

and 12 kHz), Standard Audiometric Frequencies (0.25-8 kHz), and Both Sets of Frequencies: All Patients

Patient-reported
Hearing Loss

No
audiome
trically-
defined

HL
a

Audiometrically-defined
HL at only EHFs (10 or
12 kHz), but none at
standard frequencies

(0.25-8 kHz) 
a

Audiometrically-
defined HL at only
standard frequencies
(0.25-8 kHz) but none
at EHFs (10 and 12

kHz) 
a

Audiometrically-
defined HL at both
EHFs (10 or 12 kHz)
and standard
frequencies (0.25-8

kHz) 
a

N (%) N (%) OR (95%CI)
(vs no HL)

N (%) OR (95%CI)
(vs no HL)

N (%) OR (95%CI)
(vs no HL)

Number 
b 259 368 48 592

Difficulty hearing 
c

 Not at all 205 (81.0) 268 (73.8)
1.51 (1.02-2.24)

f 35 (72.9) 1.59 (0.78-3.23) 312 (53.7)
3.68 (2.58-5.25)

f

 Any degree 48 (19.0) 95 (26.2) 13 (27.1) 269 (46.3)

Problems hearing speech-

in-background-noise 
d

 No 201 (83.8) 266 (78.0) 1.45 (0.95-2.23) 37 (78.7) 1.39 (0.64-3.03) 330 (59.0)
3.58 (2.44-5.24)

f

 Yes 39 (16.3) 75 (22.0) 10 (21.3) 229 (41.0)

Tinnitus (ringing in ears) 
e

 Not at all 174 (68.5) 247 (68.0) 1.02 (0.72-1.44) 31 (66.0) 1.12 (0.58-2.17) 277 (47.5)
2.40 (1.76-3.28)

f

 Any degree 80 (31.5) 116 (31.9) 16 (34.0) 306 (52.5)

Abbreviations: EHF, extended high frequency; HL, hearing loss; N, number.

a
Audiometrically-defined HL was based on American Speech-Language-Hearing Association (ASHA) criteria that defined HL as hearing 

thresholds that exceed 20 dB at any frequency for either ear (Frisina et al. 2016; Le Prell et al. 2011).

b
Among a total of 1,410 patients, 143 had missing audiometry data at frequencies of both 10 kHz and 12 kHz and are excluded from the table.

c
Difficulty hearing was assessed with the European Organization for Research and Treatment of Cancer Chemotherapy Induced Peripheral 

Neuropathy 20-item quality-of-life questionnaire (EORTC-CIPN-20) on the basis of symptoms experienced over the past 4 weeks (Postma et al. 
2005). Any degree of difficulty hearing includes participant responses of a little, quite a bit, or very much.

d
Problems hearing speech-in-background-noise was defined if patients answered “yes” to the following question “Problems hearing words, sounds, 

or language in crowds?”.

e
Tinnitus was assessed with the Scale for Chemotherapy-Induced Long-Term Neurotoxicity (SCIN) questionnaire on the basis of symptoms 

experienced over the past 4 weeks (Oldenburg et al. 2006). Any degree of tinnitus includes participant responses of a little, quite a bit, or very 
much.

f
Denotes P values of Pearson Chi-square test with significance at P<0.05.
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Table 4.

Patient-Reported Hearing Loss (HL) versus Audiometrically-Defined HL at Extended-High Frequencies (10 

and 12 kHz), Standard Audiometric Frequencies (0.25-8 kHz), and Both Sets of Frequencies Among TCS 

Without Tinnitus

Patient-
reported
hearing loss

No
audiometrically-
defined HL
a

Audiometrically-defined
HL at only EHFs (10 or 12
kHz), but none at
standard frequencies

(0.25-8 kHz) 
a

Audiometrically-defined
HL at only standard
frequencies(0.25-8 kHz)
but noneat EHFs (10

and 12 kHz) 
a

Audiometrically-defined
HL at both EHFs (10 or
12 kHz)and standard
frequencies (0.25-8

kHz)
a

N (%) N (%) OR (95%CI)
(vs no HL)

N (%) OR (95%CI)
(vs no HL)

N (%) OR
(95%CI)
(vs no HL)

Number 
b 179 252 32 286

Difficulty hearing 
c

 Not at all 160 (91.95) 203 (82.2)
2.48 (1.31-4.68)

f 27 (84.4) 2.12 (0.70-6.36) 213 (76.6)
3.49 (1.89-6.44)

f

 Any degree 14 (8.05)
44 (17.8)

e 5 (15.6) 65 (23.4)

Problems 
hearing speech-in-
background-noise 
d

 No 149 (88.2) 198 (83.9) 1.43 (0.80-2.56) 28 (87.5) 1.06 (0.34-3.35) 209 (78.0)
2.10 (1.21-3.64)

f

 Yes 20 (11.8) 38 (16.1) 4 (12.5) 59 (22.0)

Abbreviations: EHF, extended high frequency; HL, hearing loss; N, number, TCS, testicular cancer survivors

a
Audiometrically-defined hearing loss was defined based on American Speech-Language-Hearing Association (ASHA) criteria that defined HL as 

hearing thresholds that exceeded 20 dB at any frequency for either ear (Frisina et al. 2016; Le Prell et al. 2011).

b
Among a total of 823 patients without tinnitus, 74 had missing audiometry data at frequencies of both 10 kHz and 12 kHz and are excluded from 

the table.

c
Difficulty hearing was assessed with the European Organization for Research and Treatment of Cancer Chemotherapy Induced Peripheral 

Neuropathy 20-item quality-of-life questionnaire (EORTC-CIPN-20) on the basis of symptoms experienced over the past 4 weeks (Postma et al. 
2005). Any degree of difficulty hearing included participant responses of a little, quite a bit, or very much.

d
Problems hearing speech-in-background-noise was defined if patients answered “yes” to the following question “Problems hearing words, sounds, 

or language in crowds?”.

e
Patients with HL at only EHFs who reported any degree of hearing difficulty (N=44) compared to those with no audiometrically HL who reported 

any degree of hearing difficulty (N=14) had a significantly higher median age at audiometry (37 vs 30 years, P= 0.0002), but there were no 
significant difference between these two groups in terms of cumulative cisplatin dose as a continuous variable (P=0.68), middle ear deficits (pure 
conductive/mixed HL vs. no/pure sensorineural HL, P=0.32), noise exposure (P=0.90), and time since chemotherapy (year) as a continuous variable 
(P=0.47).

f
Denotes P values of Pearson Chi-square test with significance at P<0.05.
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Table 5.

Crude Multinomial Logistic Regression Models of Risk Factors Associated with Discrepancies Between 

Patient-reported and Audiometrically-defined Hearing Loss (HL) (ASHA Criteria for Frequencies of 0.25 to 

12 kHz)

Variable Underestimation of
Audiometric HL
(vs concordance)

Overestimation of
Audiometric HL
(vs concordance)

Omnibus P
value

OR (95%CI) P value OR (95%CI) P value

Age at audiometry 1.08 (1.07-1.10) <0.0001 1.00 (0.98-1.02) 0.92
<0.0001 

a

Education
0.15 

a

 Post-graduate Ref. Ref.

 College or university graduate 1.01 (0.74-1.38) 0.95 0.79 (0.46-1.37) 0.40

 After high school but not college graduate 0.74 (0.52-1.05) 0.09 0.79 (0.43-1.46) 0.46

 High school or less 1.39 (0.86-2.24) 0.18 1.41 (0.65-3.07) 0.39

Race 0.26

 White Ref. Ref.

 Non-white 1.03 (0.71-1.50) 0.88 1.58 (0.88-2.85) 0.13

Tinnitus 
b

<0.0001 
a

 Not at all Ref Ref.

 A little 1.11 (0.83-1.47) 0.49 4.44 (2.55-7.76) <0.0001

 Quite a bit 0.99 (0.62-1.60) 0.98 5.70 (2.70-12.01) <0.0001

 Very much 0.90 (0.55-1.47) 0.68 9.63 (4.84-19.14) <0.0001

Noise exposure 0.007 
a

 Yes Ref. Ref.

 No 1.38 (1.09-1.77) 0.009 0.88 (0.57-1.36) 0.57

Use of anti-anxiety and anti-depressant medications 
c 0.65

 No Ref. Ref.

 Yes 1.19 (0.77-1.86) 0.43 1.34 (0.65-2.78) 0.43

Smoking status 0.03 
a

 Never Ref. Ref.

 Former 1.19 (0.92-1.56) 0.19 1.14 (0.71-1.84) 0.59

 Current 0.82 (0.49-1.36) 0.44 2.15 (1.06-4.38) 0.03

Employment status 0.37

 Unemployed/Retired/ on disability leave Ref. Ref.

 Employed 1.13 (0.77-1.66) 0.53 0.76 (0.41-1.41) 0.39

Use hearing aid
0.099 

a

 Yes Ref.

 No 1.95 (0.76-4.97) 0.16 0.58 (0.17-1.95) 0.38
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Variable Underestimation of
Audiometric HL
(vs concordance)

Overestimation of
Audiometric HL
(vs concordance)

Omnibus P
value

OR (95%CI) P value OR (95%CI) P value

Self-reported health
0.19 

a

 Excellent Ref Ref.

 Very good 1.01 (0.72-1.42) 0.95 1.37 (0.69-2.73) 0.37

 Good 0.89 (0.63-1.28) 0.54 1.67 (0.84-3.31) 0.15

 Fair or poor 1.04 (0.59-1.81) 0.90 2.91 (1.18-7.19) 0.02

Time since chemotherapy, years <0.0001 
a

 < 2 Ref. Ref.

 2-<5 0.88 (0.65-1.19) 0.41 1.23 (0.74-2.04) 0.42

 5-<10 1.77 (1.23-2.55) 0.002 1.51 (0.81-2.79) 0.19

 ≥ 10 1.86 (1.29-2.67) 0.0008 0.74 (0.35-1.57) 0.43

Conductive HL (middle ear deficit) <0.0001 
a

 No HL and/or pure sensorineural HL Ref. Ref.

 Mixed and/or pure conductive HL 2.52 (1.77-3.58) <0.0001 1.63 (0.91-2.94) 0.10

Abbreviations: ASHA, American Speech-Language-Hearing Association criteria; CI, confidence interval; HL, hearing loss; OR, odds ratio; Ref., 
reference.

Note: Each row of analysis is derived from a multinomial logistic regression model in which we report the effect for the independent variable 
of interest and discrepancy between patient-reported and audiometrically-defined HL (concordance, underestimation, and overestimation) as the 
outcome (dependent) variable.

P values with boldface indicate significance at P<0.05.

a
Variables with Omnibus (Wald chi-square from type 3 analysis of effects) P≤0.25 are selected to be included in the final multivariable model.

b
Tinnitus was assessed with the Scale for Chemotherapy-Induced Long-Term Neurotoxicity (SCIN) questionnaire on the basis of symptoms 

experienced over the past 4 weeks (Oldenburg et al. 2006).

c
Based on patient-reported prescription medications taken for at least the past 4 weeks. Medication indication was classified as used for anxiety 

and/or depression according to both (1) its pharmacological class and (2) if patients indicated its use was for anxiety and/or depression.
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Table 6.

Final Multivariable Multinomial Logistic Regression Model of Risk Factors Associated with Discrepancies 

Between Patient-reported and Audiometrically-defined Hearing Loss (HL) (ASHA: Frequencies 0.25-12 kHz)

Variable Underestimation of HL
(vs concordance)

Overestimation of HL
(vs concordance)

OR (95%CI) P value OR (95%CI) P value

Age at audiometry 1.09 (1.07-1.11) <0.0001 0.98 (0.95-1.00) 0.08

Education

 Post-graduate Ref. Ref.

 College or university graduate 1.57 (1.12-2.20) 0.01 0.66 (0.36-1.20) 0.17

 After high school but not college graduate 1.08(0.73-1.61) 0.68 0.64 (0.32-1.26) 0.19

 High school or less 2.12 (1.23-3.67) 0.007 1.19 (0.50-2.82) 0.69

Tinnitus 
a

 Not at all Ref. Ref.

 A little 1.19 (0.87-1.62) 0.27 4.65 (2.64-8.20) <0.0001

 Quite a bit 0.74 (0.43-1.27) 0.28 5.87 (2.65-13.04) <0.0001

 Very much 0.61 (0.35-1.07) 0.08 10.57 (4.91-22.79) <0.0001

Noise exposure

 Yes Ref. Ref.

 No 1.40 (1.06-1.84) 0.02 1.13 (0.70-1.83) 0.61

Use hearing aid

 Yes Ref. Ref.

 No 5.64 (1.84-17.32) 0.003 0.90 (0.24-3.41) 0.87

Conductive HL (middle ear deficit)

 No HL and/or pure sensorineural HL Ref. Ref.

 Mixed and/or pure conductive HL 2.01 (1.34-3.02) 0.0007 1.16 (0.59-2.29) 0.67

Abbreviations: ASHA, American Speech-Language-Hearing Association criteria; CI, confidence interval; HL, hearing loss; OR, odds ratio; Ref., 
reference.

Note: The ORs and P values are from an adjusted multinomial logistic regression model that includes all variables listed in the table 
with discrepancy between patient-reported and audiometrically-defined HL (concordance, underestimation, and overestimation) as the outcome 
(dependent) variable.

Variables with Omnibus (Wald chi-square from type 3 analysis of effects) P>0.1 are removed from the final model in a backward deletion 
procedure. The Omnibus P value for the variables listed in the table include: age at audiometry (P<0.0001), education (P =0.004), tinnitus 
(P<0.0001), noise exposure (P=0.053), use hearing aid (P=0.004), conductive hearing loss (middle ear deficit) (P=0.002).

P values with boldface indicate significance of P<0.05.

a
Tinnitus was assessed with the Scale for Chemotherapy-Induced Long-Term Neurotoxicity (SCIN) questionnaire on the basis of symptoms 

experienced over the past 4 weeks (Oldenburg et al. 2006).
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Table 7.

Age-Adjusted Logistic Regression Models of Factors Associated with Cisplatin-Associated ASHA-Defined 

Hearing Loss Severity

Variable OR (95% CI) P value Omnibus P value

Cumulative dose of cisplatin, mg/m2
0.0003 

a

 ≤300 Ref.

 >300 1.43 (1.18-1.74) 0.0003

Race 0.28

 White Ref.

 African-American 1.25 (0.44-3.50) 0.67

 Asian 1.53 (0.96-2.44) 0.08

 Other 1.18 (0.80-1.74) 0.40

Education 0.0032 
a

 High school or less Ref.

 After high school but not college graduate 0.76 (0.53-1.10) 0.15

 College or university graduate 0.83 (0.59-1.15) 0.26

 Post-graduate 0.56 (0.39-0.80) 0.0015

Smoking status 0.88

 Never Ref.

 Former 1.04 (0.85-1.29) 0.70

 Current 0.95 (0.63-1.42) 0.79

Average no. alcoholic drinks in past year 0.46

 Rarely or never Ref.

 ≤ 4 per week 0.84 (0.65-1.10) 0.20

 5 per week to 1 per day 0.79 (0.59-1.07) 0.12

 ≥ 2 daily 0.85 (0.59-1.21) 0.35

Body mass index, kg/m2
0.11 

a

 <25 (normal) Ref.

 25-29 (overweight) 1.25 (0.98-1.58) 0.07

 ≥ 30 (obese) 1.29 (0.99-1.67) 0.06

Waist circumference, cm 0.05 
a

 <102 Ref.

 ≥ 102 1.25 (1.01-1.56) 0.05

Engage in vigorous physical activity (≥ 6 METs) 0.73

 No Ref.

 Yes 0.96 (0.78-1.19) 0.73

Physical activity (total MET-hours/week) quartiles
0.09 

a

 Quartile 1 Ref.
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Variable OR (95% CI) P value Omnibus P value

 Quartile 2 0.74 (0.56-0.97) 0.03

 Quartile 3 0.99 (0.76-1.31) 0.98

 Quartile 4 0.84 (0.64-1.11) 0.23

Hypertension and on prescription medication (patient-reported) 
b

0.0003 
a

 No Ref.

 Yes 1.86 (1.33-2.59) 0.0003

Diabetes and on prescription medication 
c 0.76

 No Ref.

 Yes 1.09 (0.62-1.91) 0.76

Hypercholesterolemia and on prescription medication 
d 0.47

 No Ref.

 Yes 1.13 (0.81-1.58) 0.47

Cardiovascular disease 
e 0.31

 No Ref.

 Yes 1.44 (0.71-2.90) 0.31

Noise exposure
0.12 

a

 No Ref.

 Yes 1.17 (0.96-1.42) 0.12

Abbreviations: CI, confidence interval; MET, metabolic equivalent task; OR, odds ratio; Ref., reference.

Note: Each row of analysis is derived from an ordinal regression model in which we report the effect for the primary independent variable of 
interest and adjust for age at audiometry.

Hearing loss was defined following methods in Frisina et al (Frisina et al. 2016) using American Speech-Language-Hearing Association criteria 
(ASHA) for frequencies of 4 through 12 kHz for which dose-response relationships with cumulative amount of cisplatin were shown (Frisina et al. 
2016).

P values with boldface indicate significance at P<0.05.

a
Variables with Omnibus (Wald chi-square from type 3 analysis of effects) P≤0.25 were selected for inclusion in the final multivariable model.

b
Hypertension and on prescription medication was defined as answering “yes” to (1) have you ever been diagnosed with high blood pressure and 

“yes, current” to (2) have you ever taken prescription medications for high blood pressure (including current use) (Chunkit Fung et al. 2017).

c
Diabetes and on prescription medication was defined as answering “yes” to either of the following questions: (1) diabetes requiring insulin or (2) 

diabetes requiring tablets or pills (Chunkit Fung et al. 2017). This adverse health outcome was not available for 30 participants.

d
Hypercholesterolemia and on prescription medication defined as answered “yes, current” to the following question: have you ever taken 

prescription medications for high cholesterol (Chunkit Fung et al. 2017).

e
Includes coronary artery disease, heart failure, or cerebrovascular disease. The age-adjusted association between cardiovascular disease with 

ASHA-defined hearing loss severity did not meet the proportional odds assumption.
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Table 8.

Final Multivariable Ordinal Logistic Regression Model of Factors Associated with Cisplatin-Associated 

ASHA-Defined Hearing Loss Severity

Variable OR (95% CI) P value

Age at audiometry 1.13 (1.12-1.15) <0.0001

Cumulative dose of cisplatin, mg/m2

 ≤ 300 Ref.

 > 300 1.47 (1.21-1.80) 0.0001

Education

 High school or less Ref.

 After high school but not college graduate 0.78 (0.53-1.14) 0.19

 College or university graduate 0.87 (0.61-1.24) 0.44

 Post-graduate 0.58 (0.40-0.85) 0.005

Physical activity (total MET-hours/week) quartiles

 Quartile 1 Ref.

 Quartile 2 0.74 (0.56-0.98) 0.04

 Quartile 3 1.05 (0.79-1.40) 0.73

 Quartile 4 0.88 (0.66-1.17) 0.36

Hypertension and on prescription medication

 No Ref.

 Yes 1.80 (1.28-2.52) 0.0007

Abbreviations: ASHA, American Speech-Language-Hearing Association criteria; CI, confidence interval; METs, metabolic equivalent task; OR, 
odds ratio; Ref., reference.

Note: The ORs and P values are from an adjusted ordinal logistic regression model that includes all variables listed in the table with ASHA-defined 
hearing loss severity based on frequencies of 4 kHz to 12 kHz as the outcome (dependent) variable. Hearing loss was defined following methods 
in Frisina et al (Frisina et al. 2016) using ASHA for frequencies of 4 to 12 kHz for which dose-response relationships with cumulative amount of 
cisplatin was shown (Frisina et al. 2016).

Audiometry assessments based on ASHA (4-12 kHz) criteria among a total of 1,410 participants were as follows: 333 (23.6%), 327 (23.2%), 201 
(14.3%), 284 (20.1%), 237 (16.8%), and 28 (2.0%) had no hearing loss (HL), mild HL (20-40 dB), moderate HL (41-55 dB), moderately severe HL 
(56-70 dB), severe HL (71-90 dB), and profound HL (> 90 dB), respectively. The frequency of any degree of audiometric-defined HL in each age 
category are as follows: 152/304 (50%), 355/501 (70.9%), 317/347 (91.4%), and 253/258 (98.1%) for <30 years, 30-39 years, 40-49 years, and ≥50 
years, respectively.

Variables with Omnibus (Wald chi-square from type 3 analysis of effects) P>0.1 have been removed from the final model in a backward deletion 
procedure. The Omnibus P values for variables listed in the table are: age at audiometry (P<0.0001), cumulative dose of cisplatin (P=0.0001), 
education (P=0.005), total METS-hours/week (quartiles) (P=0.06), and hypertension and on prescription medication (P=0.0007).

P values with boldface indicate significance of P<0.05.
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