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Cisplatin is often the cytotoxic drug of choice for chemoradiation therapy (CRT) for head and neck squamous cell
carcinoma (HNSCC), but it can lead to irreversible hearing loss. There may be similar oncologic outcomes but different

toxicity profiles depending on whether cisplatin is given at 75—-100 mg/m? every 3 weeks or 30-40 mg/mg? weekly. This
study compares cisplatin-induced hearing loss in patients with HNSCC receiving similar cumulative doses of cisplatin
administered either on higher-dose or lower-dose treatment schedules.

Using the Enhancing Cancer Hearing Outcomes (ECHO) dataset from 5 academic centers, we conducted a multicenter
retrospective cohort study of adults (=18 years) with HNSCC receiving cisplatin-based CRT. Participants were grouped by
cisplatin dose schedule: every 3 weeks (=75 mg/m?) or weekly (<75 mg/m?). Hearing loss was assessed using American
Speech-Language-Hearing Association (ASHA) and Common Terminology Criteria for Adverse Events (CTCAE) v5.0
threshold shift criteria based on audiograms obtained <120 days before and after treatment. Risk differences and

predictors of hearing loss were evaluated using )(2 analyses and multivariate regression. Kaplan-Meier curves assessed
overall and disease-free survival.
Among 564 participants (1,127 ears), lower-dose weekly cisplatin was associated with significantly lower incidence of

hearing loss (ASHA criteria: 57% vs. 82%; CTCAE criteria: 39% vs. 69%). CTCAE grade =2 hearing loss occurred in 18%
of the weekly group versus 50% of the 3-week [...]
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BACKGROUND. Cisplatin is often the cytotoxic drug of choice for chemoradiation therapy (CRT) for
head and neck squamous cell carcinoma (HNSCC), but it can lead to irreversible hearing loss. There
may be similar oncologic outcomes but different toxicity profiles depending on whether cisplatin
is given at 75-100 mg/m? every 3 weeks or 30-40 mg/mg? weekly. This study compares cisplatin-
induced hearing loss in patients with HNSCC receiving similar cumulative doses of cisplatin
administered either on higher-dose or lower-dose treatment schedules.

METHODS. Using the Enhancing Cancer Hearing Outcomes (ECHO) dataset from 5 academic centers,
we conducted a multicenter retrospective cohort study of adults (>18 years) with HNSCC receiving
cisplatin-based CRT. Participants were grouped by cisplatin dose schedule: every 3 weeks (>75 mg/
m?) or weekly (<75 mg/m?). Hearing loss was assessed using American Speech-Language-Hearing
Association (ASHA) and Common Terminology Criteria for Adverse Events (CTCAE) v5.0 threshold
shift criteria based on audiograms obtained <120 days before and after treatment. Risk differences
and predictors of hearing loss were evaluated using y? analyses and multivariate regression. Kaplan-
Meier curves assessed overall and disease-free survival.

RESULTS. Among 564 participants (1,127 ears), lower-dose weekly cisplatin was associated with
significantly lower incidence of hearing loss (ASHA criteria: 57% vs. 82%; CTCAE criteria: 39%

vs. 69%). CTCAE grade >2 hearing loss occurred in 18% of the weekly group versus 50% of the
3-week group. Multivariate analysis confirmed treatment schedule as an independent predictor of
ototoxicity. Two-year survival outcomes did not differ between groups.

CONCLUSIONS. Weekly low-dose cisplatin significantly reduced the incidence and severity of
hearing loss without compromising survival, supporting its broader use in CRT for HNSCC.

Introduction
Cisplatin has been an essential medication for treatment of various cancers since its approval by the FDA
in the 1970s. Cisplatin functions in part by forming platinum-DNA adducts that disrupt DNA replication
and transcription, ultimately leading to cancer cell apoptosis (1, 2). Despite its potent antitumor effects,
cisplatin’s therapeutic utility is often compromised by its significant side effect profile, including ototoxicity,
which manifests as irreversible hearing loss (3-5).

Ototoxicity refers to drug-induced damage to the inner ear, affecting both the cochlea and vestibu-
lar system, resulting in hearing loss, tinnitus, and balance disorders. Cisplatin-induced ototoxicity is dose
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dependent, often more severe with higher cumulative doses, and can significantly impact quality of life for
cancer survivors (6, 7). Understanding the balance between achieving optimal oncologic outcomes and
minimizing adverse effects is crucial for improving patient outcomes.

The therapeutic landscape for HNSCC has seen a growing interest in optimizing cisplatin dosing strat-
egies to mitigate adverse effects while maintaining efficacy. Studies have explored various cisplatin dosing
regimens, comparing the standard higher dose (100 mg/m? every 3 weeks [“triweekly”’]) with weekly low-
er-dose administrations (30—40 mg/m?) to determine whether reduced intensity regimens can mitigate tox-
icity without compromising oncologic outcomes. Several studies have demonstrated that weekly cisplatin
dosing, compared with the standard triweekly regimen, offers similar efficacy in terms of tumor control,
disease-free survival (DSF), and overall survival (OS), while exhibiting a more favorable toxicity profile.
Across both definitive and postoperative treatment settings, weekly administration has been associated with
reduced rates of mucositis, nephrotoxicity, hematologic toxicity, and treatment interruptions, without com-
promising oncologic outcomes (8—-14). These findings were further supported by a recent randomized trial
demonstrating the noninferiority of weekly cisplatin for OS and improved tolerability (15).

Despite these data indicating that lower weekly-dose cisplatin regimens are generally less toxic and non-
inferior to higher triweekly-dose regimens, the relationship between cisplatin dose and ototoxicity remains
unclear. High cumulative doses are well-documented risk factors for severe hearing loss (16); however, even
low doses can lead to significant ototoxicity in susceptible individuals. This highlights the need for a deeper
understanding of how different dosing regimens influence hearing outcomes, especially in patients with
preexisting risk factors for hearing loss.

Here, we aimed to provide a more comprehensive understanding of the impact of low- versus high-dose
cisplatin dosing regimens on hearing loss. Our goal was to inform clinical decisions that optimize therapeutic
efficacy while preserving quality of life for patients with head and neck squamous cell cancer (HNSCC).

Results

Characteristics of the clinical data set. Retrospective clinical data were compiled for a total of 564 participants,
all of whom met study inclusion criteria (Figure 1): patients 218 years of age, diagnosed with head and
neck squamous cell carcinoma (HNSCC) and treated with cisplatin-based chemoradiation therapy (CRT).
Participants were excluded if they had non-HNSCC cancers, insufficient clinical or treatment data, lacked
a valid audiogram within 120 days before and after treatment, or presented with a bilateral profound hear-
ing loss at baseline (>90 dB HL average threshold at 1, 2, and 4 kHz) (17).

Participants were categorized by cisplatin treatment regimen: 228 (40%) received low-dose cisplatin
(<75 mg/m?) and 336 (60%) received triweekly high-dose cisplatin (=75 mg/m?) (Table 1). To maintain
consistency in treatment exposure, patients who underwent intratherapy dose reductions or schedule
changes were excluded from the analysis. The cohort’s mean age was 59 years (IQR, 52—64), with the
low-dose group slightly older than the high-dose group (median age 60 vs. 58 years; Wilcoxon’s 2-sample
test, P < 0.02). Across both groups, there was a predominance of males (=79%) and near-universal use of
concurrent radiation therapy (98%). Most tumors were localized to the oropharynx (52%), followed by
the oral cavity (16%), larynx (7%), nasopharynx (13%), hypopharynx (2%), and other sites (10%), includ-
ing salivary glands, maxilla, mandible, sinuses, and pharynx. Fewer than 1% had tumors of unknown
primary origin. A Wilcoxon’s 2-sample test indicated a significant difference in tumor site distribution
between the treatment groups, driven largely by the higher prevalence of oropharyngeal tumors in the
high-dose group (P < 0.01).

The overall median cumulative cisplatin dose was 200 mg/m?. However, cumulative dose distributions
differed significantly between treatment groups (32, P < 0.01), with low-dose, weekly regimens ranging from
30 to 520 mg/m? and high-dose, triweekly regimens ranging from 75 to 540 mg/m?.

Baseline hearing status was assessed per ear using pure-tone average (PTA) at 0.5, 1, 2, and 4 kHz.
Across the full cohort and within subgroups, most ears (=85%) exhibited normal hearing or mild hearing
loss at baseline. The low-dose group showed a significantly higher incidence of moderate hearing loss,
resulting in a statistically significant difference in baseline hearing status distribution between treatment
regimens (Wilcoxon’s 2-sample test, P < 0.0001)

Individuals receiving lower-dose, weekly cisplatin experience less cisplatin-induced hearing loss than those treated
with higher-dose, triweekly cisplatin. In total, 1,127 ears of 564 participants were included in the analyses.
The primary outcome was the incidence of Common Terminology Criteria for Adverse Events—defined
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Figure 1. Schematic diagram of the ECHO dataset. Data were collected from 5 US-based academic and clinical
centers. The dataset was filtered to include only adults (>18 years) with confirmed HNSCC who received CRT on a
consistent weekly or triweekly schedule. Patients whose dosing schedules were modified (e.g., from triweekly to
weekly) were excluded. After filtering, 564 individuals remained, of whom 289 had survival data available through 2
years of follow-up.

(CTCAE-defined) hearing change, based on differences in auditory thresholds (“threshold shifts”) between
baseline and posttreatment audiograms.

We began by evaluating threshold shift data as a function of cisplatin treatment schedule. Two-way
ANOVA revealed a significant effect of dose schedule (weekly low-dose vs. triweekly high-dose) on thresh-
old shifts (¥, ;,,, = 401.3, P < 0.0001), as well as a significant effect of frequency (F;,,,, = 145.9, P < 0.0001)
(Figure 2A). There was also a significant interaction between these factors (Fy,,,, = 25.97, P < 0.0001).
Sidak’s multiple-comparison post hoc analysis demonstrated that individuals receiving low-dose, weekly
cisplatin had significantly smaller threshold shifts at frequencies =2 kHz (P < 0.0001). The largest differenc-
es were observed at 8 kHz, with average shifts of 21.7 = 21.5 dB in the triweekly group compared with 9.7
+ 15.7 dB in the weekly group. These data indicate that participants receiving high-dose, triweekly cisplatin
treatment experienced significantly more cisplatin-induced hearing loss compared with those on the low-
dose weekly treatment schedule.

Cumulative cisplatin doses ranged from 30 to 540 mg/m? across the cohort. We next assessed the rela-
tionship between cumulative dose and high-frequency hearing loss (PTA at 4, 6, 8, and 12.5 kHz) within
each treatment group (Figure 2B). High-frequency hearing loss increased significantly with cumulative
dose (F, ,,, = 7.396, P < 0.001), but the effect varied by treatment schedule. At comparable cumulative
doses, weekly low-dose cisplatin was associated with significantly less hearing loss than triweekly high-
dose cisplatin (F, ., = 22.27, P < 0.0001), particularly at cumulative doses of 100 (P < 0.05; weekly n =
78, triweekly n = 134), 150 (P < 0.05; weekly n = 75, triweekly » = 35), 200 (P < 0.0001; weekly n = 155,
triweekly z = 212), and 250 mg/m? (P < 0.001; weekly # = 98, triweekly n = 28) (Sidak’s post hoc analy-
sis). These data indicate that when the cumulative dose of cisplatin was equivalent, participants receiving
triweekly cisplatin had significantly more high-frequency hearing loss compared with those receiving the
weekly regimen.
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Table 1. Demographic and clinical characteristics of the participants

Characteristic All participants, Low-dose,” weekly,n  High-dose,” triweekly, P value
n =564 =228 n =336
Age, y, median (IQR) 59 (52, 64) 60 (50, 68) 58 (52, 63) 0.0125°
Sex, n (%) 0.1721°
Female 108 (19%) 50 (22%) 58 (17%)
Male 455 (81%) 178 (78% 277 (82%)
Unknown 1(<1%) - 1(<1%)
Primary tumor site, n participants (%)° 0.0074°
Oropharynx 291 (52%) 99 (43%) 192 (57%)
Nasopharynx 72 (13%) 38 (17%) 34 (10%)
Oral cavity 88 (16%) 40 (18%) 48 (14%)
Larynx 41 (7%) 17 (7%) 24 (7%)
Hypopharynx 14 (2%) 3 (13%) 11 (3%)
Othert 57 (10%) 30 (13%) 27 (8%)
Unknown 1(<1%) 1(<1%) 0
Baseline hearing loss, n ears (%)¢ <0.0001°
Normal 768 (68%) 294 (64%) 474 (71%)
Mild 231(20%) 97 (21%) 134 (20%)
Moderate 106 (9%) 62 (16%) 44 (7%)
Severe 3 (<1%) 1(<1%) 2 (<1%)
CNT 19 (2%) 1(<1%) 18 (3%)
Cisplatin cumulative dose, mg/m? median (IQR) 0.003°
200 (160, 280) 200 (160, 275) 200 (175, 300)
Radiation, n participants (%)° 0.5253°
Yes 556 (99%) 226 (99%) 330 (98%)
No 4 (<1%) 1(<1%) 3 (1%)
Unknown 4 (<1%) 1(<1%) 3 (1%)

ALow dose <75 mg/m, high dose =75 mg/m?. Bold indicates significant difference. 8? analysis. “Percent totals may not add up to 100% due to rounding.
PWilcoxon's 2-sample test. *Tumors associated with the salivary glands, maxilla, mandible, sinuses, or pharynx. n, number of individuals; IQR, 25% and

75%. CNT, could not test.

To further investigate predictors of cisplatin-induced hearing loss, we performed an ordinary least
squares (OLS) regression using standard PTA threshold shift data at 0.5, 1, 2, and 4 kHz. Controlling for
age, sex, cumulative cisplatin dose, and baseline hearing, cisplatin dose schedule remained a significant
predictor of hearing loss severity (PROC REG, SAS; B = 4.51, 95% CI (3.33, 6.69), P < 0.0001; Table
2). Additional significant predictors included age (f = 0.16, 95% CI (0.11, 0.22), P < 0.0001), cumulative
cisplatin dose (§ = 0.03, 95% CI (0.03, 0.04), P < 0.0001), and baseline hearing ( =-0.17, 95% CI (-0.21,
-0.12), P<0.0001).

Together, these results demonstrate that individuals treated with low-dose, weekly cisplatin had signifi-
cantly less cisplatin-induced hearing loss than those receiving triweekly cisplatin.

Weekly cisplatin administration is associated with reduced incidence and severity of cisplatin-induced hearing loss.
We applied American Speech-Language-Hearing Association (ASHA; 1994) and CTCAE criteria to evalu-
ate both the incidence and severity of hearing loss. These criteria are designed to assess changes in hearing
likely to be clinically meaningful. Among individuals receiving triweekly cisplatin, the incidence of clinical-
ly meaningful hearing loss was 82% per ASHA and 69% per CTCAE grade =1 criteria (Figure 3, A and B).
In contrast, individuals treated with weekly cisplatin showed significantly lower incidence of hearing loss:
57% per ASHA criteria (y*(1) = 14.74, P < 0.0001) and 39% per CTCAE criteria (x*(1) = 19.38, P < 0.0001).
These findings indicate that the incidence of cisplatin-induced hearing loss was significantly reduced with
low-dose, weekly cisplatin relative to the triweekly regimen.

Beyond incidence, the CTCAE system grades hearing loss severity on a scale from 1 (mild) to 4 (pro-
found), where grade 1 reflects a mild change not typically requiring intervention and grade 2 or high-
er reflects moderate to severe hearing loss warranting intervention. The incidence of hearing loss with
CTCAE grade =2 was significantly lower in the low-dose, weekly group (18%) compared with the triweekly
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Figure 2. Weekly cisplatin administration is associated with reduced auditory threshold shifts. Audiometric thresholds collected before and after
cisplatin treatment were used to determine cisplatin-induced hearing loss (threshold shifts). (A) High-dose, triweekly cisplatin administration (n = 654
ears) resulted in significant hearing loss from 2 to 12.5 kHz, ranging on average from 6 to 21 dB. In contrast, low-dose, weekly cisplatin administration

(n = 454 ears) resulted in significantly less cisplatin-induced hearing loss at 2-12.5 kHz, ranging on average 1-10 dB. Data are presented as mean + SEM;
2-way ANOVA, Sidak’s multiple-comparison post hoc analysis. (B) The impact of cumulative cisplatin dose on high-frequency (4-12.5 kHz) hearing loss was
assessed per treatment schedule. When cumulative cisplatin dose was comparable across groups (dose bin = 50 mg/m?), individuals receiving high-dose,
triweekly cisplatin consistently experienced significantly greater hearing loss (threshold shifts). Data are presented as mean + SEM; 2-way ANOVA; Sidak’s
multiple-comparison post hoc analysis. *P < 0.05, **P < 0.01, ****P < 0.0001.

group (50%) (x*(1) = 25.61, P < 0.0001) (Figure 3B). Moreover, the overall distribution of CTCAE grades
differed significantly between treatment groups, with a greater proportion of severe cisplatin-induced hear-
ing loss among those receiving triweekly cisplatin (}*(3) = 25.76, P < 0.0001). Notably, the proportion of
patients experiencing grade 3 hearing loss was nearly 3 times higher in the triweekly group (41%) than in
the weekly group (14%). This distribution highlights a significant shift toward more severe ototoxic out-
comes with the high-dose, triweekly regimen.

The low-dose, weekly cisplatin schedule consistently resulted in reduced hearing loss across subgroups
(Figure 4). Overall, 69% (232 of 336) of individuals in the triweekly group developed hearing loss, compared
with 39% (90/228) in the weekly group. Statistically significant reductions in hearing loss with weekly treat-
ment were observed among male participants (46% vs. 62%, P < 0.001); female participants (38% vs. 63%, P
< 0.001); individuals aged 50-59 (39% vs. 71%, P < 0.001); individuals aged 60—69 (41% vs. 71%, P < 0.001);
those who received cumulative cisplatin doses of 100-199 mg/m? (24% vs. 44%, P < 0.02) and 200-299 mg/
m? (47% vs. 78%, P < 0.001); and participants with either normal baseline hearing (32% vs. 67%, P < 0.001)
or mild hearing loss at baseline (27% vs. 46%, P < 0.003).

Two-year OS and DSF were comparable between the dosing schedules. To determine whether dose
and schedule impact treatment efficacy, we examined OS and DFS in available datasets from University
of Rochester Medical Center (URMC; # = 129) and Washington University in St. Louis (WUSTL; n =
160) (Figure 5, A and B). At 2 years, OS exceeded 80% across the cohort (Figure 5A). Median survival
could not be calculated due to censoring. However, log-rank (Mantel-Cox) tests revealed no significant
differences in OS (3*(1) = 0.214, P> 0.05) or DFS (¥*(1) = 3.102, P > 0.05) between individuals receiving
weekly versus triweekly cisplatin.

Discussion

We found that a low-dose, weekly cisplatin administration schedule was associated with a significantly low-
er incidence and severity of cisplatin-induced hearing loss compared with a triweekly regimen in patients
with HNSCC. Using both ASHA and CTCAE criteria to define clinically meaningful changes in hearing,
we observed reductions in incidence from 82% to 57% and from 69% to 39%, respectively, with weekly
dosing. Importantly, this reduced toxicity was not detrimental to oncologic efficacy, as 2-year OS and DSF
were comparable between the treatment groups.

Cisplatin remains a cornerstone in concurrent CRT for head and neck cancers due to its proven survival
benefits in both definitive and adjuvant settings (5, 18, 19). However, its dose-limiting toxicities — includ-
ing irreversible sensorineural hearing loss — have prompted increasing interest in optimizing dosing sched-
ules to reduce harm without compromising oncologic efficacy (20-22). Li et al. and Gamez et al. indicated
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Table 2. Ordinary least-squares analysis for PTA 0.5-4 kHz threshold shift

Univariate analysis Multivariate analysis
Variable Estimate 95% Cl Pvalue Estimate 95% Cl Pvalue
Individual dose schedule 5.222 3.999, 6.444 <0.0001 4.51 3.334, 5.685 <0.0001
Age 0.038 -0.021, 0.096 0.2049 0.164 0.105, 0.223 <0.0001
Sex -1132 -2.712,0.447 0.1603 -1.259 -2.721,0.202 0.0912
Cumulative cisplatin 0.032 0.025, 0.039 <0.0001 0.032 0.025, 0.039 <0.0001
Baseline PTA 0.5-4 kHz -0.126 -0.172, -0.080 <0.0001 -0.166 -0.213,-0.119 <0.0001

Bold indicates significant difference.

that low-dose, weekly administration might result in lower incidences of ototoxicity compared with high-
dose, triweekly regimens, though they noted that further validation in larger cohorts was needed (21, 23).

Using both ASHA and CTCAE criteria, we observed a significantly lower incidence of hearing loss in
patients receiving low-dose, weekly cisplatin (39%) compared with those receiving triweekly cisplatin (69%)
(Figure 3). This finding echoes those of Zuur et al., who reported a markedly lower ototoxicity incidence
(31%) with daily cisplatin (6 mg/m?) and accelerated radiation therapy relative to higher-dose regimens (78%)
(20). Similarly, Gamez et al. conducted a prospective study comparing weekly (40 mg/m?) and triweekly (100
mg/m?) cisplatin in conjunction with cochlea-sparing intensity-modulated radiation therapy (IMRT) (21).
Their results showed that only 13% of patients in the weekly group developed CTCAE grade =3 ototoxicity
versus 56% in the triweekly group — a trend mirrored in our data, with 14% of patients in the weekly group
and 41% in the triweekly group meeting CTCAE grade >3 criteria. Together, our findings underscore that
not all hearing loss is equivalent in severity. The CTCAE grade distribution revealed that grade 3 hearing loss
— indicating the most severe threshold shifts — was substantially more prevalent in the high-dose, triweekly
group. This suggests that while low-dose, weekly cisplatin may not eliminate ototoxicity altogether, it may
reduce the risk of more debilitating hearing loss, thereby offering a meaningful clinical benefit in terms of
preserving auditory function.

Importantly, our study extended follow-up to 2 years and incorporated survival data. We demonstrated
that reduced hearing loss with weekly cisplatin did not come at the cost of oncologic control; there were no
statistically significant differences in either OS or DSF between the 2 regimens (Figure 5). These results are
consistent with phase III trials and meta-analyses that have shown comparable survival with weekly versus
triweekly cisplatin regimens (15, 18, 24-26), though many of these prior studies did not focus on audio-
logic outcomes. Overall high survival rates reported in our dataset are likely due to the large proportion of
patients with human papillomavirus—related oropharyngeal cancer, which portends a favorable prognosis
and fewer events for comparison.

Systematic reviews (25, 27) and real-world observational studies (26, 28, 29) have suggested that
weekly dosing may offer improved tolerability, with fewer treatment interruptions and hospitalizations.
Nevertheless, these studies often lacked gold-standard frequency-specific hearing assessments. Our study
contributes to filling this gap by analyzing threshold shifts across frequencies and ears and by incorpo-
rating both functional (CTCAE) and audiometric (ASHA) criteria for assessment of cisplatin-induced
hearing loss. Subgroup analyses further reinforced the robustness of our findings. Weekly cisplatin was
associated with reduced hearing loss across age groups, sexes, cumulative dose strata, and baseline hearing
status (Figure 4). These trends suggest that the reduced ototoxicity associated with lower, more frequent
dosing may be generalizable to a broad population of patients with HNSCC, including those with preex-
isting vulnerability to hearing loss.

While some centers are still using high-dose cisplatin regimens, many have transitioned to low-dose,
weekly administration according to preferences of the treating oncologists and anecdotal evidence of lower
overall toxicity. Other centers use both regimens, reserving the high-dose regimen for patients with more
advanced head and neck cancers. Our findings support the use of weekly cisplatin where feasible. The
balance between toxicity and efficacy becomes especially critical for patients with favorable prognosis, for
whom hearing preservation is vital to long-term quality of life. Future studies should consider stratifying
patients by ototoxicity risk or using pharmacogenetic screening to tailor cisplatin dosing (23, 30, 31). More-
over, the inclusion of patient-reported hearing outcomes, quality-of-life measures, and real-time audiologic
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Figure 3. Weekly cisplatin is associated with reduced incidence and severity of cisplatin-induced hearing loss, per
ASHA and CTCAE criteria. ASHA and CTCAE criteria for clinically meaningful changes in hearing loss were applied to
threshold shift data. (A) The incidence of cisplatin-induced hearing loss among individuals receiving weekly cispla-

tin (n = 228), per ASHA criteria, was 57%. Individuals receiving triweekly cisplatin (n = 336) had a significantly higher
incidence (82% triweekly) of cisplatin-induced hearing loss. Data are presented as percentage of individuals per group.
¥ analysis. (B) Low-dose, weekly cisplatin administration was associated with reduced incidence and severity of cis-
platin-induced hearing loss, per CTCAE criteria. % analysis. Analysis showed a significant difference in the distribution
of CTCAE hearing loss grades, wherein the incidence of a grade 22 was reduced from 50% in the high-dose, triweekly
group to 18% in the low-dose, weekly group. Data represent the percentage of individuals per group. **P < 0.01, ***P <
0.001, ****P < 0.0001.

monitoring would provide a more comprehensive view of treatment burden. There is also a need to refine
predictive models for cisplatin-induced hearing loss and to explore adjunctive therapies, such as sodium
thiosulfate or statins, that could further reduce risk in vulnerable patients (6, 9, 32). Ongoing clinical trials
are investigating the protective effects of sodium thiosulfate (NCT05129748, NCT05382338) and statins
(NCT04915183) against cisplatin-induced ototoxicity.

Strengths of this study included the large sample size, standardized audiometric evaluations with a
defined time point for baseline evaluation (<120 days prior to start of CRT), use of 2 independent cri-
teria for defining hearing loss, and the inclusion of subgroup analyses and survival data. These features
allowed for a more nuanced understanding of the impact of treatment schedule on ototoxicity and patient
outcomes. However, several limitations must be acknowledged. This was a primarily retrospective obser-
vational study, and although we adjusted for key covariates, unmeasured confounding variables may still
be present. While our study did not incorporate the potential contribution of non-cisplatin ototoxic agents,
cisplatin-based CRT regimens for head and neck cancer are generally administered as monotherapy with
radiation. The absence of detailed concurrent medication records is a limitation; however, standard clinical
protocols do not typically include other ototoxic drugs in these treatment regimens. The assignment of
patients to dosing schedules was not randomized and may reflect underlying clinical factors. Moreover,
individual cisplatin dose was not analyzed as a continuous variable due to intra-patient variability in dos-
ing across cycles within the same treatment schedule. Additionally, we did not include patient-reported
outcomes or functional hearing assessments, which could complement the audiometric findings. Survival
analyses were limited by censoring and incomplete follow-up in a subset of patients in addition to an over-
all favorable patient population with a high proportion of oropharyngeal cancer. Finally, while <75 mg/
m? versus 275 mg/m? is a commonly used clinical threshold, these categories may not fully capture the
pharmacologic complexity of cisplatin dosing.

Conclusion. Our findings, together with consistent evidence from randomized trials and real-world studies,
underscore that weekly cisplatin dosing is not merely a convenient or lower-intensity alternative, but may offer
a substantial reduction in the risk of permanent hearing loss without compromising oncologic outcomes.
While treatment decisions must ultimately be guided by oncology teams, our data support the consideration
of weekly dosing as a viable and potentially otoprotective approach in the management of HNSCC.

Methods

Sex as a biological variable. This retrospective cohort comprised adult patients with head and neck cancer of both
biological sexes; however, the sample was predominantly male, consistent with the known higher incidence of
this malignancy in men. Sex was treated a priori as a potential confounder and included as a covariate in the
multivariable models estimating absolute risk differences and their 95 % confidence intervals.
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Lower dose Higher dose
(<75 mg/m2), (275 mg/m?), Difference in Incidence of CTCAE Hearing Loss (95% ClI)
Subgroup weekly weekly
N with HL / N (%) percentage points 95% ClI P-value

Overall 90/228 (39%) 232/336 (69%) H = 30.24 (22.36 t0 37.24)  <0.0001
Sex

Male 23/50 (46%) 36/58 (62%) - 31.14 (22.14t0 39.06)  <0.0001

Female 67/178 (38%) 175/277 (63%) | 29.44 (11.86 to 41.70) 0.002
Age

50-59 yrs 20/52 (38%) 97/137 (71%) —o— 31.67 (16.29t0 43.86)  <0.0001

60-69 yrs 32/78 (41%) 84/119 (71%) o 31.39(18.00to 41.94)  <0.0001

270 yrs 16/41 (39%) 11/18 (61%) e 22.09 (-5.13t044.57)  0.1214
Cumulative Cisplatin Dose, mg/m?

<100 0/10 (0%) 1/2 (50%) — * J 32.23 (-12.65t081.54)  0.318

100-199 14/59 (24%) 32/72 (44%) I—0—| 19.04 (3.69 to 35.31) 0.014

200-299 47/100 (47%) 76/98 (78%) - 32.06 (21.44t0 40.13)  <0.0001

2300 6/9 (67%) 80/105 (76%) l—-—0—l 13.16 (-18.58 t0 28.54)  0.335

N of ears with HL / N of ears (%) :

Baseline Hearing Status

Normal Hearing 93/294 (32%) 3171474 (67%) i e 34.71 (27.88t0 41.53) <0.0001

Mild HL 26/97 (27%) 62/134 (46%) e 19.46 (7.26 to 31.67) 0.003

Moderate HL 16/62 (26%) 8/44 (18%) |—"'—| -7.62 (-23.39 to 8.14) 0.355

T T T T 1 1
20 0 20 40 60 80 100
Risk Difference (%)
Low Dose, Weekly
Better

Figure 4. Weekly administration of cisplatin significantly reduces the risk of developing a clinically meaningful cisplatin-induced hearing loss. Analysis
of the incidence of a CTCAE grade <1 hearing loss for the full cohort and different subgroups. For the overall cohort and the subgroups, the difference in
the incidence (%) and 95% Cls were estimated using a stratified risk difference analysis. Significant differences (red diamonds) in the calculated incidence
of a hearing loss (HL) were observed for the full cohort, as well as for the male and female subgroups; individuals 50-59 and 60-69 years; individuals

receiving total cumulative cisplatin
significant P values.
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doses 100-199 and 200-299 mg/m? and for those with normal hearing and mild hearing loss at baseline. Red indicates

Overview. This study utilized both male and female clinical data from the Enhancing Cancer Hearing
Outcomes (ECHO) dataset, developed at the National Institute on Deafness and Other Communication Dis-
orders. The dataset includes combined retrospective and prospective observational data from 5 clinical sites.
Retrospective clinical data were obtained from ototoxicity monitoring programs at the University of Roch-
ester Medical Center (URMC, n = 233), Walter Reed National Military Medical Center (WRNMMC, 7 =
31), Washington University in St. Louis (WUSTL, n = 201), and the Stanford Ear Institute (SEI, n = 508).
Prospective data were collected through an observational study conducted at the NIH in partnership with the
Johns Hopkins University (JHU) Departments of Otolaryngology—Head and Neck Surgery and Radiation
Oncology and Molecular Sciences (JH/NIH, n = 28). All datasets were harmonized to ensure consisten-
cy in variable definitions and facilitate integrated analysis. Data were filtered to include adults (=18 years)
diagnosed with HNSCC treated with cisplatin-based CRT. Inclusion criteria included availability of baseline
audiograms obtained within 120 days prior to cisplatin initiation and posttreatment audiograms obtained
within 120 days after all cycles of cisplatin were completed. Participant demographics (age, sex, baseline
hearing status) and clinical characteristics (cancer site, stage, treatment schedule) are summarized in Table 1.

Data analyses. The primary outcome was the incidence of hearing loss as defined by 2 established oto-
toxicity grading systems: ASHA (1994) and CTCAE v5.0 (NCI, 2017). Threshold shifts were calculated
as the difference in decibels hearing level (dB HL) between pre- and posttreatment audiograms at each
frequency. In instances where there was no measurable response at the highest presentation level of the
audiometer, 5 dB were added to that level in order to estimate the threshold for the purpose of calculating
threshold shifts. ASHA criteria define a clinically significant change as either a =10 dB shift at 2 consec-
utive frequencies or a 220 dB shift at a single frequency in at least one ear (ASHA, 1994). CTCAE v5.0
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High Dose Weekly 182 154 138 127 High Dose Weekly 184 159 147 133

Figure 5. Two-year DSF and 0OS are not different among individuals receiving weekly or triweekly cisplatin. Kaplan-Meier estimates of disease-free
(A) and overall (B) survival. A log-rank (Mantel-Cox) test indicated no significant difference in either disease-free or 0S among groups (P > 0.05). Weekly
group, n = 96; triweekly group, n =192.

defines severity using the following grades for 1-8 kHz frequencies (NCI, 2017): grade 1 (mild), 15-25 dB
averaged threshold shift at 2 contiguous frequencies; grade 2 (moderate), >25 dB averaged shift at 2 contig-
uous frequencies; grade 3 (severe), >25 dB averaged shift at 3 contiguous frequencies

CTCAE scores were assigned per individual based on meeting the specified criteria in at least one ear.
To further characterize ototoxicity, stratified analyses were conducted across CTCAE grades 1, 2, and 3 to
assess differences in severity between cisplatin dosing schedules. This approach evaluated whether hearing
loss occurred, but also the extent of impairment, in the event that weekly cisplatin reduced severity without
fully preventing toxicity

The secondary outcome was the change in hearing thresholds per ear across standard audiometric
frequencies (0.25—-4 kHz), used to assess the influence of covariates such as cisplatin schedule, age, sex,
cumulative cisplatin dose, and baseline hearing status. Hearing status at baseline was based on the PTA
of 1,2, and 4 kHz in dB HL: normal (PTA <20), mild (PTA >20, <40), moderate (PTA =40, <70), severe
(PTA >70, <90), profound (PTA=90) (17).

Statistics. Two-way ANOVA with Sidak’s post hoc correction (GraphPad Prism 10) was used to com-
pare hearing threshold shifts by frequency across treatment groups (weekly vs. triweekly cisplatin). The
incidence of ASHA- and CTCAE-defined hearing loss was treated as categorical data and analyzed using
1 tests (PROC FREQ v9.4, SAS).

To estimate the absolute risk difference in CTCAE-defined hearing loss (grade >1) between treatment
groups, we used a stratified risk difference analysis. Stratification was based on cisplatin schedule. Risk
differences and 95% CIs were calculated in SAS using the RISKDIFF option in PROC FREQ. Subgroup
analyses were performed for age, sex, cumulative dose categories, and baseline hearing status (normal,
mild, moderate). For each subgroup, 2 x 2 contingency tables were created, and y* tests of independence
assessed the significance of associations between treatment schedule and hearing loss.

For our secondary outcome, we performed OLS regression using PROC REG. The dependent variable
was the posttreatment PTA shift from 0.5 to 4 kHz. Independent variables included cisplatin schedule (cate-
gorical), age (continuous), sex (categorical), cumulative cisplatin dose (continuous), and baseline hearing PTA
0.5-4 kHz (continuous). Both univariate and multivariate models were fit; 95% CIs for parameter estimates
were calculated using the CLB option. Model performance was assessed using 7 and adjusted 7’statistics.

Survival analyses were performed using Kaplan-Meier estimates for OS and DSF over 2 years after
treatment. Data were available from URMC (z = 129) and WUSTL (n = 160). Survival curves were gen-
erated in GraphPad Prism 10, and comparisons between cisplatin schedules were made using the log-rank
(Mantel-Cox) test.

All statistical analyses were conducted using SAS v9.4 (SAS Institute Inc.) and GraphPad Prism 10. A
P value less than 0.05 was considered statistically significant.
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Study approval. Study procedures were approved by the IRBs of the participating sites: University of
Rochester (RSRB00060424), Washington University in St. Louis (IRB#20220516), Stanford University
(IRB-55582), and the Defense Health Agency Human Research Protections Program (DSA 876612). Pro-
spective components were approved by the NIH IRB (IRB 17-DC-0138) and were registered at Clinical-
Trials.gov (NCT03225157). Written informed consent was obtained from all participants enrolled in the
prospective component.

Data availability. Values for all data points in graphs are reported in the Supporting Data Values file.
Data will be made available upon request. The Enhancing Cancer Hearing Outcomes (ECHO) dataset
requires a data share agreement and is available upon request from the corresponding author.
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