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ARTICLE INFO ABSTRACT

Keywords: Background: The role of vincristine as a contributing risk factor for hearing loss among childhood cancer sur-

Vinca alkaloids vivors (CCS) treated with platinum-based chemotherapy has not been fully elucidated. We examined the asso-

Vincristine ciation of vincristine with hearing loss in a national cohort of CCS.

gfatring 'IE’YSS Methods: We included CCS registered in the Swiss Childhood Cancer Registry diagnosed at age < 18 years and
otoxicr

treated with platinum-based chemotherapy between 1990 and 2014. Audiogram and treatment data were ex-
tracted from medical records for all participants in our retrospective cohort study. We identified CCS exposed to
vincristine and calculated the total cumulative dose. We defined clinically relevant hearing loss as grade = 2
using the International Society of Pediatric Oncology (SIOP) Boston Ototoxicity Scale at latest follow-up.
Results: Our study population included 270 CCS (43% female; median age at cancer diagnosis 6.8 years; in-
terquartile range [IQR]: 2.1-11.7 years) with median age at audiogram 13.5 years (IQR: 9.3-17.0 years).
Vincristine exposure was associated with an increased risk of hearing loss in the multivariable logistic regression
analysis (odds ratio [OR] 4.8; 95% confidence interval [CI]: 1.8-12.9). We found no evidence of dose-response
relationship (OR 1.0; 95% CI: 0.97-1.04) or effect modification from vincristine from other ototoxic treatments,
such as type of platinum agent, cranial radiotherapy, and hematopoietic stem cell transplantation.

Conclusion: Vincristine is associated with a higher risk of hearing loss in CCS treated with platinum-based
chemotherapy. We suggest future studies investigate the underlying mechanism and causality among CCS
without exposure to other ototoxic cancer treatments.

Platinum compounds
Cranial radiotherapy
Childhood cancer survivors

1. Introduction central neuropathy with paralysis of the auditory nerve (cranial nerve

VII) [10,11]. In addition, vincristine-induced toxicity possibly affects

Hearing loss is a side effect of platinum-based chemotherapy among
children [1]. It is usually irreversible and impairs neurocognitive
functioning of childhood cancer survivors (CCS) [2,3]. Several studies
identified risk factors for platinum-induced hearing loss such as age at
cancer diagnosis, type of platinum agent, total cumulative dose of
platinum, concomitant cranial radiotherapy (CRT), and hematopoietic
stem cell transplantation (HSCT) [4-7]. However, such factors in-
sufficiently explain interindividual variation of platinum-induced
hearing loss, possibly involving additional factors, such as vincristine
[4,8,9]. Vincristine is known as neurotoxic and reported to cause

the medial olivocochlear bundle and—to a lesser extent—the outer hair
cells [12].

Only two studies were published that have examined the role of
vincristine in platinum-induced hearing loss, highlighting the need for
further evidence [4,9]. Both included vincristine as a co-variable in
their analysis but did not further investigate the effect of the total cu-
mulative dose of vincristine and whether there was effect modification
between vincristine and other ototoxic cancer treatments. Therefore,
we analyzed data from a nationwide cohort of CCS with treatment and
audiogram data from medical records to 1) quantify the effect of
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Table 1
Demographic and clinical characteristics of study population.
Total cohort No Vincristine Vincristine P-value®
N = 270 n =125 n = 145
Demographic characteristics n (%) n (%) n (%)
Sex 0.192
Male 154 (57) 66 (53) 88 (61)
Female 116 (43) 59 (47) 57 (39)
Age at most recent audiogram 0.066
< 10 years 81 (30) 32 (26) 49 (€D)]
10-15 years 108 (40) 47 (38) 61 (42)
> 15 years 81 (30) 46 (37) 35 24)
Clinical characteristics n (%) n (%) n (%)
Age at cancer diagnosis < 0.001
< 5 years 112 (41) 42 (34) 70 (48)
5-9 years 67 (25) 24 (19) 43 (30)
10-18 years 91 (34) 59 (47) 32 (22)
Period of cancer diagnosis 0.454
1990-1995 48 (18) 24 19 24 a7)
1996-2001 75 (28) 36 (29) 39 27)
2002-2007 82 (30) 32 (26) 50 (34)
2008-2014 65 24) 33 (26) 32 22)
Diagnosis (ICCC-3) < 0.001
III CNS and miscellaneous intracranial and intraspinal neoplasms 104 (39) 3 (2) 101 (70)
IV Neuroblastoma and other peripheral nervous cell tumors 39 14 13 (10) 26 (18)
V Retinoblastoma 5 2 2 2) 3 2
VI Renal tumors 6 2) 3 2) 3 2
VII Hepatic tumors 15 6) 14 (€8 D) 1 (€3]
VIII Malignant Bone tumors 62 (23) 62 (50) 0 0)
IX Soft tissue and other extraosseous sarcoma 12 4) 1 (€] 11 (€))
X Germ cell tumors, trophoblastic tumors, and neoplasms of gonads 27 (10) 27 (22) 0 )
Treatments”
Platinum agent < 0.001
Cisplatin 151 (56) 98 (78) 53 37)
Carboplatin 62 (23) 17 (14) 45 (31)
Cisplatin and Carboplatin 57 21) 10 (8) 47 (32)
Cumulative cisplatin dose categories < 0.001
No cisplatin 62 (23) 17 (14) 45 (31)
< 300 mg/m? 51 19) 11 9) 40 (28)
301-450 mg/m? 71 (26) 38 (30) 33 23)
> 450 mg/m? 86 (32) 59 (47) 27 (19)
Cumulative carboplatin dose categories < 0.001
No carboplatin 151 (56) 98 (78) 53 (37)
< 1500 mg/m? 29 an 3 @3] 26 (18)
1500-3000 mg/m? 53 (20) 14 11 39 27)
> 3000 Ing/rn2 32 (12) 6 (5) 26 (18)
Missing 5 ) 4 3) 1 @™
Cranial radiation < 0.001
No 172 (64) 115 92) 57 (39)
Yes 98 (36) 10 (8) 88 (61)
HSCT 0.004
No 244 (90) 120 (96) 124 (86)
Yes 26 (10) 5 (€)] 21 (14)

Abbreviations: CNS, central nervous system; ICCC-3, International Classification of Childhood Cancer-Third Edition; HSCT, hematopoietic stem cell transplantation.
@ P-values calculated from chi-square statistics comparing childhood cancer survivors with and without vincristine exposure.

" Each subject could have had more than one treatment modality.

vincristine on platinum-induced hearing loss; 2) test for interactions
between vincristine and other ototoxic cancer treatments; and 3) de-
termine a possible dose-response relationship of vincristine-induced
ototoxicity.

2. Methods
2.1. Study population

We analyzed data from CCS treated with platinum-based che-
motherapy between 1990 and 2014 in the nine specialized pediatric
oncology clinics in Switzerland [6]. We included CCS 1) registered in
the national and population-based Swiss Childhood Cancer Registry
(SCCR) [13], 2) diagnosed with cancer at age < 18 years, 3) with no

evidence of hearing loss before start of cancer treatment in their med-
ical records, and 4) available audiogram after completing platinum-
based chemotherapy [6]. Further details about identifying eligible CCS
and data collection are published elsewhere [6,14]. The Ethics Com-
mittee of the Canton of Bern approved the SCCR and the Swiss Child-
hood Cancer Survivor Study (KEK-BE: 166/2014; 2021-01462) [15].

2.2. Study procedure

We collected clinical information on cancer diagnosis and treatment
from medical records and the SCCR in 2015 [6,14]. We extracted
clinical variables, including sex (female, male); cancer diagnosis ac-
cording to the International Classification of Childhood Cancer (3rd
edition);[16] age at cancer diagnosis (< 5, 5-9, and 10-18 years);
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Fig. 1. Comparison of prevalence of clinically relevant hearing loss between childhood cancer survivors with and without vincristine exposure (N = 270).
Prevalence is shown for the overall cohort and stratified by type of platinum-based chemotherapy.

period of cancer diagnosis (1990-1995, 1996-2001, 2002-2007, and
2008-2014); type and total cumulative dose (mg/mz) of platinum
agents (cisplatin, carboplatin); CRT (yes, no); and HSCT (yes, no).
During initial data collection in 2015, no treatment information about
vincristine exposure was collected. We went through all medical re-
cords and treatment protocols again in 2022 and calculated vincristine
exposure and total cumulative vincristine dose (mg/m2) as treated
or—when unavailable—based on treatment protocol.

2.3. Measurement of hearing loss

We determined hearing loss at latest follow-up after completion of
platinum-based chemotherapy. All audiograms were centrally reviewed
using the classification system of the International Society of Pediatric
Oncology (SIOP) Boston Ototoxicity Scale [17]. Further details on the
evaluation of the audiograms were previously published [6]. Based on
the approach of previous studies, we defined clinically relevant hearing
loss (yes, no) as SIOP-Boston grade = 2 [4,6]. In cases of asymmetric
hearing, we took the most affected ear as the reference for grading.

2.4. Statistical analysis

First, we compared the prevalence of clinically relevant hearing loss
overall and stratified by type of platinum-based chemotherapy between
CCS with and without vincristine exposure. We fitted univariable lo-
gistic regression models including sex, age at audiogram, age at cancer
diagnosis, period of cancer diagnosis, type of platinum-based che-
motherapy, exposure to vincristine, concomitant CRT, and HSCT as
exposures and clinically relevant hearing loss (yes, no) as outcome [6].
The multivariable regressions included a priori sex, age at most recent
audiogram, age at cancer diagnosis, and all other clinical characteristics
previously associated with hearing loss at P < 0.05 in the univariable
models. To examine effect modification of other ototoxic treatments,
we included interaction terms between vincristine exposure and type of
platinum-based chemotherapy, CRT, and HSCT [4,18,19]. We also in-
cluded the total cumulative dose of cisplatin, carboplatin, and vincris-
tine as a continuous variable in a sub-analysis, which included only CCS
who received vincristine, to determine a possible dose-response re-
lationship. We excluded survivors with missing values for the cumula-
tive dose of vincristine or platinum-based chemotherapy from the re-
gression analysis. We calculated global P-values using likelihood-ratio
tests (LRT).

We performed a sensitivity analysis to control for additional oto-
toxic factors, such as brain surgeries or cerebrospinal fluid shunts, as-
sociated with central nervous system (CNS) tumors diagnosis [1,20].

We included CNS tumor diagnosis (yes, no) as a co-variable in our
multivariable regression model.

We used Stata version 16.1 (StataCorp LP, Austin, TX, USA) for all
analyses.

3. Results
3.1. Characteristics of study population

We included 270 CCS with a median age at cancer diagnosis of 6.8
years (interquartile range [IQR]: 2.1-11.7 years) in our analysis
(Table 1). A detailed flow-diagram of the study population was pub-
lished elsewhere [6]. Median time from cancer diagnosis to most recent
audiogram was 5 years (IQR 2.5-8.1 years). The most common cancer
diagnoses were CNS tumors (n = 104; 39%). Over half (n = 145; 54%)
received vincristine with a median total cumulative dose of 23 mg/m?
(IQR 10.1-40.9 mg/mz) (Supplement Figure A.1). For n = 140 (97%)
CCS, we had total cumulative vincristine dose information available.
We extracted vincristine doses directly from medical records for n = 57
(41%) CCS, and for n = 83 (59%) CCS, we estimated the dose based on
the treatment protocol and treatment arm. CCS previously treated with
vincristine were younger at cancer diagnosis, more likely survivors of
CNS tumors or neuroblastoma, and received more often carboplatin,
CRT, and HSCT than CCS without vincristine exposure. Of those CCS
who did not receive vincristine, the majority had been diagnosed with a
malignant bone tumor (n = 62; 50%) or a germ cell tumor (n = 27;
22%).

3.2. Role of vincristine in platinum-induced hearing loss

Of the included CCS treated with vincristine, 49% (95% CI: 41-57)
had hearing loss compared with 22% (95% CI: 15-30) of CCS not
treated with vincristine (p < 0.001) (Fig. 1). Stratified by type of
platinum-based chemotherapy, we saw the largest difference in pre-
valence of hearing loss between CCS with and without vincristine ex-
posure among those treated with only cisplatin (68% vs. 21%).

Exposure to vincristine was associated with a higher risk for hearing
loss in the univariable (odds ratio [OR] 3.5, 95% CI: 2.0-6.0) and
multivariable (OR 4.8, 95% CI: 1.8-12.9) logistic regression analyses
(Table 2). Using interaction terms, we found no evidence for effect
modification between exposure to vincristine and type of platinum-
based chemotherapy, CRT, and HSCT (all P > 0.05) (Table 3). In a sub-
analysis including only CCS with vincristine exposure, we found no
evidence for a linear effect of total cumulative vincristine dose on the
risk of hearing loss (OR 1.0, 95% CI: 0.97-1.04) (Table 2) (Supplement
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Table 3
Interactions between vincristine and other ototoxic cancer treatments.
Multivariable”
OR” (95%-CI) P-value®
Model 1
Test for interaction between platinum-based 0.274
chemotherapy and vincristine
Carboplatin Reference
Cisplatin X vincristine 2.8 (0.2-35.2)
exposure
Both platinum agents x 0.5 (0.03-11.0)
vincristine exposure
Model 2
Test for interaction between CRT and 0.200
vincristine
No CRT Reference
CRT X vincristine 0.3 (0.04-2.0)
exposure
Model 3
Test for interaction between HSCT and 0.354
vincristine
No HSCT Reference
HSCT X vincristine 4.4 (0.18-105.8)
exposure

Abbreviations: CI, confidence interval; CRT, cranial radiotherapy; HSCT, he-
matopoietic stem cell transplantation; OR, odds ratio.

@ Each interaction between vincristine and the variables platinum-based
chemotherapy, CRT, or HSCT was analyzed in a separate multivariable model
(Models 1-3) (N = 270). Each model was adjusted for sex, age at audiogram,
age at diagnosis, period of diagnosis, other ototoxic cancer treatments (i.e.
platinum-based chemotherapy, CRT, or HSCT).

> 0dds ratio from univariable and multivariable logistic regression models:
OR < 1 indicates that SIOP-Boston grade < 1 is more likely. OR > 1 indicates
that SIOP-Boston grade = 2 is more likely.

¢ Global P-value calculated from likelihood-ratio test.

Figure A.1). We excluded CCS (n = 6; 2%) with missing dose in-
formation for platinum-based chemotherapy or vincristine from the
sub-analysis.

In our sensitivity analysis, diagnosis with a CNS tumor (yes, no) was
not associated with an increased risk for hearing loss in the multi-
variable regression (OR 0.8, 95% CI: 0.2-2.7) (Supplement Table A.1).
The effect size of vincristine (yes, no) did not change compared with the
model without adjustment for CNS tumor diagnosis (OR 5.3, 95% CI:
1.7-17.0 vs. OR 4.8, 95% CI: 1.8-12.9).

4. Discussion

In our nationwide cohort study of CCS treated with platinum-based
chemotherapy, we found the prevalence of platinum-induced hearing
loss higher among CCS with additional vincristine than of CCS without
vincristine exposure. Vincristine exposure increased the risk of hearing
loss fivefold when adjusting for clinical characteristics. However, we
found no evidence of a dose-response relationship of cumulative vin-
cristine dose and the risk for hearing loss, or evidence of effect mod-
ification by other ototoxic cancer treatments.

Our study is strengthened from analyzing the ototoxicity of vin-
cristine in a large cohort of CCS in terms of overall exposure and con-
sidering the total cumulative vincristine dose and potential interactions
with other ototoxic cancer treatments. Further strengths include the
well-described cohort with clinical data on hearing function, cancer
diagnosis, and platinum-based chemotherapy available. However, we
cannot conclude whether vincristine is ototoxic independently or only
in combination with platinum agents because all included CCS were
treated with platinum-based chemotherapy. Furthermore, we had no
data on brain surgery or cerebrospinal fluid shunts among survivors of

EJC Paediatric Oncology 1 (2023) 100017

CNS tumors, which have been associated with an increased risk of
hearing loss in other studies [1,20,21]. Because 70% of CCS in our
cohort who received vincristine were diagnosed with CNS tumors and
most patients with CNS tumors were exposed to vincristine (97%), we
cannot exclude that part of the association of vincristine with hearing
loss as possibly explained by other factors associated with the diagnosis
of CNS tumors or other concomitant treatments. However, in our sen-
sitivity analysis, CNS tumor diagnosis was not associated with an in-
creased risk of hearing loss and the effect of vincristine remained un-
changed after controlling for CNS tumor diagnosis. We also lack data on
use of concomitant ototoxic drugs such as aminoglycoside antibiotics
and on prophylactic administration of sodium thiosulfate [1,22].
However, sodium thiosulfate was only recently been approved in the
United States for clinical use; it is not yet approved in Switzerland [23].
Other limitations are the retrospective study design, the use of non-
standardized routine data from different clinics, and the restriction to
patients who have survived their cancer, allowing for potential survival
bias. Recent studies have indicated that in addition to the total cumu-
lative dose of platinum-based chemotherapy, other dose parameters
such as dose per cycle, dose per day, and infusion time may also con-
tribute to the risk of hearing loss [4,24]. We did not include such de-
tailed information on the dose regimen of platinum-based che-
motherapy in our analysis and thus could not adjust for potential
differences between CCS with and without vincristine exposure.

Ototoxicity of vincristine was reported mainly in case studies of
adult patients with cancer and in two recent cohort studies involving
CCS [4,9,11,25-28]. Moke and colleagues examined hearing loss in a
large multi-center cohort of 1481 children, adolescents, and young
adults treated with cisplatin [4]. They also collected data on vincristine
exposure and reported that vincristine (yes, no) increased the risk for
cisplatin-induced hearing loss by a factor of four (OR 3.6) at latest
follow-up [4], which is consistent with our estimate (OR 4.8). In an-
other cohort study of 368 pediatric patients with cancer, Meijer and
colleagues demonstrated vincristine exposure (hazard ratio 2.9) was an
important determinant for the cumulative incidence of cisplatin-in-
duced hearing loss [9]. The results of both studies are consistent with
our findings, supporting the emerging evidence for a potential ototoxic
effect of vincristine. However, neither of the two cohort studies in-
cluded data on the cumulative dose of vincristine [4,9].

We did not observe an effect from higher cumulative doses of vin-
cristine on the risk of hearing loss, yet we had no data on administration
method, timing of administration with other drugs (particularly pla-
tinum agents), pharmacokinetics, drug-drug interactions with azole
antifungals, and genetic factors possibly affecting total exposure and
toxicity of vincristine [29-32]. Two prospective studies with small
sample sizes (N < 23) examined ototoxicity of vincristine and included
dose information [12,33]. Lugassy and colleagues enrolled adult pa-
tients with cancer (N = 23) in their study and did not observe any
deleterious effects from vincristine on hearing among patients with
moderate dose exposure (mean total dose of 12 mg) [33]. One patient
on high-dose vincristine (total dose of 24 mg) developed sensorineural
hearing loss during the observation period [33]. Riga and colleagues
enrolled pediatric patients diagnosed with leukemia in their study
(N = 15) who had been treated according to the Berlin-Frankfurt-
Muenster-95 (BMF-95) protocol. In their study, exposure to low and
moderate doses of vincristine (< 1.5 mg/m2 per dose) did not result in
any abnormal changes (> 15dB) in mean hearing thresholds levels
measured by pure tone audiometry at latest follow-up [12]. But they
found abnormalities in transient evoked otoacoustic emissions (TEOAE)
and a decrease in contralateral suppression after three cycles of vin-
cristine administration, indicating a measurable neurotoxic effect of
vincristine on outer hair cells and the medial olivocochlear bundle [12].
However, the study's short observation period of 22 days does not allow
prediction of the reversibility of observed effects or subsequent detec-
tion of hearing loss [12].
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5. Conclusion

Our results support emerging evidence for an increased risk of pla-
tinum-induced hearing loss with concomitant vincristine administration
[4,9]. Interindividual variability in hearing loss after platinum-based
chemotherapy is large and not yet fully understood [8], which emphasizes
the importance of identifying additional risk factors for hearing loss among
CCS, such as the neurotoxic treatment vincristine. However, we suggest to
include TEOAE or distortion-product otoacoustic emissions (DPOAE)
measurements in further studies to better understand the mechanism and
clinical course of vincristine-induced neurotoxicity in the medial olivoco-
chlear bundle and its influence on platinum-induced hearing loss. In ad-
dition, we suggest investigating causality of vincristine and hearing loss
among CCS without platinum-based chemotherapy or CRT to determine
whether vincristine causes permanent hearing loss even without estab-
lished ototoxic cancer treatments and whether genetic factors possibly
play a role. Also, preclinical studies should be performed to better un-
derstand the mechanism of vincristine ototoxicity and potential interaction
with platinum-based chemotherapy at the cellular level.
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