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Abstract
Purpose  To elucidate the long-term impacts of hearing loss, tinnitus and balance in people living with and beyond cancer 
(LWBC) treated with platinum-based chemotherapy (PBCT).
Methods  A literature search was conducted between March and June 2022 using PubMed, Web of Science and Google Scholar. 
Full-text papers in English were included. Articles explored the impacts of hearing loss, tinnitus and balance and discussed 
them in the context of treatment. If PBCT was used in conjunction with other treatments, the article was included. There were 
no constraints on age, cancer type, publication date, location, study design or data type. Sixteen studies and two reviews were 
included.
Results  Hearing loss and tinnitus can cause communication difficulties and subsequent social withdrawal. There were deficits 
in cognition, child development and educational performance. Employment and the ease of everyday life were disrupted 
by hearing loss and tinnitus, whereas poor balance interfered with walking and increased the risk of falls. Depression and 
anxiety were related to ototoxicity. Most notable were the differing mindsets experienced by adults LWBC with ototoxicity. 
There was evidence of inadequate monitoring of ototoxicity by clinicians and a lack of communication between clinicians 
and patients about ototoxicity as a side effect.
Conclusions  Ototoxicity has a negative long-term impact on multiple areas of life for adults and children LWBC. This can 
compromise their quality of life.
Implications for cancer survivors  Increased awareness, monitoring and education surrounding these issues may lead to earlier 
intervention and better management of ototoxicity, enhancing the quality of life of people LWBC.

Keywords  Ototoxicity · Cancer · Quality of life · Survivorship · Long-term effects · Hearing loss · Tinnitus

Introduction

To be diagnosed with cancer is a life-changing and life-
threatening event, which can naturally evoke feelings 
of fear and uncertainty in patients. In 2020, there were 

approximately 20 million new cases of cancer and almost 
10 million deaths worldwide [1]. However, due to medical 
advances, an increasing number of people are now surviv-
ing. For example, in the USA, the 5-year survival rate for 
all cancers combined has improved from 49 to 68% between 
1975 and 2017 [2]. Although survival is the main aim of 
cancer treatment, these increasing rates indicate that more 
people are living with the long-term effects of treatment, 
which can negatively impact the quality of life of patients 
in remission [3]. Although ‘quality of life’ is a broad and 
multi-faceted concept with various definitions, within this 
review it is interpreted as the perception of an individual’s 
well-being, or lack of, on a daily basis [4, 5]. It is imperative 
to understand the long-term effects experienced by those liv-
ing with and beyond cancer (LWBC) so that measures can be 
implemented to ameliorate and manage them. In this article, 
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we are concerned about the lasting impacts of hearing loss, 
tinnitus and poor balance after cancer treatment.

Solid tumours, such as ovarian, breast and testicular 
cancers, as well as head, neck and non-small cell lung can-
cers, are often treated with platinum-based chemotherapies 
(PBCT), namely cisplatin, carboplatin and oxaliplatin [6]. 
Although these chemotherapeutic agents are highly effec-
tive, they are not without their disadvantages. It is well 
established that PBCT, especially cisplatin, are ototoxic, 
meaning they cause damage to the inner ear structures like 
the cochlea [7]. This can result in conditions such as tinnitus 
and hearing loss [8]. The outer hair cells in the basal turn 
of the cochlea are most susceptible to damage, causing high 
frequencies to deteriorate first (typically above 8 kHz) [9] 
followed by progressively lower frequencies as treatment 
continues [10]. The severity of this hearing loss has been 
shown to be cumulative and dose-dependent, with the effects 
being bilateral and permanent [11]. Similarly, radiotherapy 
can cause hearing loss through damage to auditory struc-
tures. For example, lesions of the Eustachian tube or osseous 
chain in the middle ear can cause conductive hearing loss 
and lesions of the cochlea/retro-cochlea regions can cause 
sensorineural hearing loss [12]. ‘Ototoxicity’, however, 
refers not only to damage of the hearing apparatus but also 
to damage of the vestibular labyrinth, important for main-
taining balance [13]. Damage to this inner ear structure can 
therefore result in general postural instability, a greater risk 
of falls and consequent injury [14]. Together, this research 
presents a difficult scenario faced by people LWBC. That 
being, whilst the chances of survival may increase with con-
tinued treatment, this also increases the risks of impaired 
audio-vestibular functioning.

Within the general population, hearing loss has been 
related to social isolation, loneliness, mental health prob-
lems i.e., depression, as well as cognitive dysfunction such 
as dementia [15]–[17]. Similarly, tinnitus is associated with 
heightened anxiety, depression, insomnia and reduced con-
centration [18]–[20]. There is relatively less research related 
to hearing loss and tinnitus in those LWBC, however, despite 
the estimated prevalence of ototoxicity in both adults and 
children being greater than 50% [21]. There is even less 
research related to vestibulotoxicty in this group, such as 
poor balance [22]. Furthermore, unlike the general popula-
tion, those LWBC have undergone the traumatic experience 
of being diagnosed with cancer and receiving treatment. 
Individuals may live most of their life with normal hearing, 
which then becomes compromised. There is evidence that 
this can happen after just one cycle of cisplatin [23], which 
can have a negative effect on quality of life. For example, a 
qualitative research study and a narrative review have dem-
onstrated that adults LWBC who experience hearing loss, 
tinnitus and poor balance have a poorer quality of life com-
pared to comparison populations [3, 24]. This highlights the 

necessity to direct more of our attention towards this popula-
tion to improve care provision and help individuals adapt to 
life after cancer.

This literature review aims to serve as an update on the 
current literature and research on this topic. We aim to col-
lect and summarise what is known on how hearing loss, 
tinnitus and poor balance affect the quality of life of people 
LWBC who have undergone PBCT. Although increasing, 
this is currently an understudied research area. For the pur-
poses of conciseness, the focus will remain on PBCT only 
or PBCT in combination with other treatments i.e., radio-
therapy. It will not discuss the extent of hearing loss, tinnitus 
etc. in those LWBC but rather the wider impacts of these on 
quality of life. Issues regarding the monitoring of ototoxicity 
and the lack of patient awareness of this as a treatment side 
effect will also be discussed.

Methods

Literature searches were conducted between March and June 
2022 using PubMed, Web of Science and Google Scholar. 
The keywords, ‘cancer’, ‘survivor’, ‘chemotherapy’, ‘plati-
num’, ‘cisplatin’, ‘carboplatin’, ‘oxaliplatin’, ‘ototoxicity’, 
‘vestibulotoxicity’, ‘hearing loss’, ‘tinnitus’, ‘balance’, ‘long 
term’ and ‘quality of life’ were inputted in various combina-
tions using Boolean operators (see Online Resource 1 for 
details on the search strategy).

To facilitate a complete and holistic understanding of the 
topic, few constraints were imposed and the search remained 
broad. There were no limitations on publication date, loca-
tion, study design or data type (i.e., quantitative, qualita-
tive or mixed). Reviews were included if they referred to 
the impacts of audio-vestibular dysfunction in relation to 
cancer treatment. We focused on published literature only; 
therefore, grey literature was excluded. No age constraints 
were applied, meaning articles concerned both adults and 
children treated for any type of cancer. Pre-clinical and 
in vitro studies were excluded. Only clinical data published 
as full-text papers in English were included. The articles 
must have explored the impacts of hearing loss, tinnitus and 
poor balance as a primary or secondary outcome and dis-
cussed them in the context of treatment. Articles that simply 
described the prevalence of ototoxicity after treatment were 
excluded. Given that our focus is on PBCT, articles con-
cerning the use of other treatments alone (i.e., radiotherapy) 
were also excluded. However, if chemotherapy was used in 
conjunction with other treatments, the article was included. 
The initial searches found 527 titles. After removing dupli-
cates (n = 41), 486 titles remained. This number was then 
reduced through title and abstract screening by the primary 
author, OP (n = 42). Full-text reading by the primary author 
reduced this further, according to the inclusion/exclusion 
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criteria (n = 14). However, four additional articles found 
by manually searching reference lists (n = 3) and through 
the ‘similar articles’ feature on PubMed (n = 1) were also 
included. The total number of included titles was, therefore, 
18. This process is summarised in Fig. 1.

Results

Of the 18 titles accepted, 16 of them were individual studies 
and two of them reviews. In total, the number of partici-
pants included in the studies of this literature review sum to 
12,210 (quantitative studies: sum = 4531, range = 12–1520, 
median = 165;  qual i ta t ive studies:  sum = 421, 
range = 20–377, median = 24; reviews: sum = 7258, range; 
1–623, median, 3629). The included studies have been sum-
marised in Tables 1, 2 and 3. These report the overall char-
acteristics of the datasets; however, the results are described 
and contextualised in the ‘Discussion’ section.

Table 1 summarises the 13 quantitative studies, which 
often included participants with a variety of cancer types 
diagnosed when they were children (< 18 years). Mean age 

at cancer diagnosis across all patients in these studies was 
22.11 years. The range of ages at diagnosis could not be 
calculated as only 5/13 studies provided this data. Where 
they did, this is included in the relevant ‘Patient character-
istics’ section in Table 1. However, using the data available, 
the range of age at diagnosis is 1.2 months–84 years. The 
total number of participants is n = 4531 (range; 12–1520). 
All studies included patients who had received PBCT, with 
cisplatin being the most common, however some patients 
also underwent alternative treatments either in conjunc-
tion with PBCT or instead of PBCT. These included sur-
gery (n = 4/13), neck dissection (n = 1/13), radiotherapy 
(n = 9/13), taxane-based chemotherapy (n = 3/13), bone 
marrow transplantation (n = 2/13), and chemotherapy with 
stem cell support (n = 1/13). Twelve out of 13 studies meas-
ured hearing loss, however the measurement of tinnitus 
and balance was much less common (n = 5/13, n = 3/13, 
respectively). The type of follow-up varied, with ten studies 
reporting the time since diagnosis and three reporting the 
time since the last dose of treatment. Follow-up ranged from 
just 2 months to over 40 years. Measurements included a 
variety of subjective and objective methods. For example, 

Fig. 1   Process of selection of 
studies for this literature review 
based on the PRISMA flow 
diagram
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hearing loss was measured using objective methods such as 
otoacoustic emissions (n = 2/13), bone conduction thresh-
olds (n = 5/13), air conduction thresholds (n = 6/13), tympa-
nometry (n = 5/13), otoscopy (n = 1/13), speech audiometry 
(n = 2/13) and auditory steady-state responses (n = 1/13). 
Hearing loss was also measured using subjective meth-
ods, such as SSQ12 (n = 1/13), MDASI-HN (n = 1/13) and 
questionnaires created by the research team (n = 2/13). 
Tinnitus was measured using the HMS questionnaire 
(n = 1/13), MDASI-HN survey (n = 1/13) and FACT/GOG-
Ntx (n = 2/13), whereas measurements of balance included 
CIPNAT, TUG, FAB (all n = 2/13) and the WinFDM plat-
form (n = 1/13). In six studies, participants were children. 
Three of these included parent-reported outcomes and two 
included child-self-reported outcomes. Nine studies had a 
control group which compared those LWBC with hearing 
loss to those without.

Table 2 summarises the three qualitative studies in this 
review. The total number of participants is n = 421 (range; 
20–377). Two studies used semi-structured interviews to col-
lect primary data, whereas one analysed secondary data in 
the form of online healthcare forums. Within these forums, 
those LWBC suffering from the effects of treatment discuss 
how ototoxicity impacts their quality of life. All three studies 
used thematic analysis. Only one study explicitly stated the 
age of participants, another described them as ‘adults’ and 
it is assumed through their use of online healthcare forums 
that participants in the remaining study were also adults. 
Two studies provided data on cancer type. PBCT was used 
in all three studies, however treatments also included non-
platinum agents and radiotherapy.

Table 3 summarises the two included reviews. Together, 
they spanned literature from 2007 to 2020. Both focused on 
balance after chemotherapy, rather than hearing loss or tin-
nitus. The total number of participants included in the papers 
of these reviews summed to n = 7258 (range; 1–623). This 
excludes one outlier from Weschler and Wood (2021) [25], 
with 65,311 participants. This figure also accounts for the 
papers included by both reviews (n = 13) and for missing 
data. The review by Wang et al. (2021) [24] only included 

the number of participants for 24/32 of the included studies. 
The author was contacted about this; however, we received 
no response. The total number of participants included in 
these reviews excludes this missing data, therefore it is not 
completely accurate.

Discussion

This literature review aimed to highlight the challenges faced 
by those LWBC after treatment. During the literature search, 
it became apparent that whilst hearing loss is relatively well 
researched in cancer populations, there are fewer publica-
tions on the effects of tinnitus and poor balance. Despite 
this, there were several clear themes concerning the long-
term impacts of treatment-induced ototoxicity, supported by 
evidence in this review. These long-term impacts are of a 
social and cognitive nature. It can also have severe impacts 
on the development of children and their later academic 
performance. Employability prospects are affected as well 
as the ease of completing simple everyday tasks. Finally, 
ototoxicity can also result in mental health problems. These 
themes will be discussed in turn below.

Social impacts

A commonly reported impact of hearing loss after PBCT 
is the inability to perceive and hear speech. This renders 
communication with others, therefore participation in social 
events or group conversations, extremely challenging. For 
example, a qualitative study of 24 adults of childhood/
young adult cancer found that hearing loss discourages those 
LWBC from participating in group conversations, with some 
reporting that they nod along or pretend to know what has 
been said when actually, they have not heard [26]. Other 
barriers to group conversation arise out of fear of misunder-
standing what has been said, having to explain their cancer 
diagnosis, or having to ask strangers, who are unaware of 
their diagnosis, to repeat themselves. These findings are 

Table 3   A summary of the included reviews

Author (year) Publication dates 
of included studies

Total 
number 
of studies

Total number of participants Type of review

Wechsler and Wood (2021) 2007–2020 30 n = 4778. Median sample size for 29 studies, 59 (range; 
1–623). One study was excluded from the aggregation  
of clinical characteristics and participants as it was an  
outlier in almost all categories (n = 65,311)

Scoping review

Wang et al. (2021) 2001–2020 32 From the data available from 24 studies, n = 2480,  
range (8–512)

Quantitative narrative 
review
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concordant with both a prospective cohort study and a lon-
gitudinal observational study showing that those LWBC, 
treated with PBCT, believe their largest handicap lies within 
speech hearing [27, 28]. For these patients, it had been an 
average of 12 and 16 years since their chemotherapy, dem-
onstrating that the effects of hearing loss remain well into 
adulthood. This inability to perceive speech can cause feel-
ings of embarrassment and a dislike of speaking in front 
of others [26, 28]. Furthermore, speech localisation after 
receiving PBCT is also impaired, which again makes par-
ticipation in group conversation extremely difficult [27]. 
An issue that must be considered whilst interpreting this 
research, however, are the small sample sizes, Waissbluth 
et al. (2018) [27] had 12 participants, and Einarsson et al. 
(2010) [28] had 15. In both studies, there were only 6 hear-
ing impaired participants. Although small sample sizes do 
not always correlate to the quality of research, a rationale as 
to why a small sample size was used must be reported. For 
example, a pilot or feasibility study does not need a power 
analysis. These studies, however, did not report a rationale 
as to why a small sample size was used. Similarly, Kahn 
et al. (2020) [26] had only 24 participants. It is typical in 
qualitative research to have sufficient participants to ensure 
data saturation; however, there was no mention of saturation; 
therefore, it remains uncertain whether it was achieved.

It is not only hearing within a group that is problematic. 
Hearing outdoors, whilst travelling, or even watching televi-
sion can also be difficult [27, 28]. Generally, hearing in a 
noisy environment, hearing quiet sounds or hearing sounds 
amongst background noise is challenging for those with 
treatment-induced hearing loss [26]–[29]. Speech in the high 
pitch range, for example that of women and children, can be 
particularly unintelligible. In a qualitative study by Pearson 
et al. (2021) [29] where approximately half of interviewees 
received PBCT, one reported, ‘I just couldn’t hear, especially 
if people spoke softly, or women and children’s voices. I just 
couldn’t hear them’ [29]. This lack of intelligibility may be 
associated with the frequencies of specific phonemes in the 
English language. For example, fricative phonemes (e.g., /f/, 
/s/, /v/), which make up 50% of English consonants, rely on 
the perception of high frequencies. However, these are the 
frequencies initially lost after ototoxic cancer treatments, 
which makes distinguishing between phonemes challenging, 
even with mild hearing loss [30].

As with hearing loss, tinnitus also impedes communica-
tion and causes frustration in those LWBC. For example, 
someone reported, ‘I’m knackered and it’s just hiss. Peo-
ple can stand in front of me and speak and I’m stressing 
because I just hear hiss’ [29]. Another reported being una-
ble to engage in anything due to tinnitus. These barriers to 
communication have been shown to effect relationships with 
partners and family members. Compared to those without 
tinnitus and hearing loss, those with mild or moderate-severe 

hearing loss and tinnitus had greater odds of self-reported 
interference in relations with others [31]. This demonstrates 
that the degree of ototoxicity does not even have to be severe 
to cause a negative impact. However, it must be noted that 
in this cross-sectional study, participants were asked to self-
report their ‘difficulty with hearing loss and/or ringing of 
the ears at its worst’. Here, hearing loss and tinnitus, two 
separate long-term effects of cancer treatment, are meas-
ured together. This renders it impossible to tease out the 
impacts of these individually. This is important to do since 
overcoming the barriers of hearing loss may not be the same 
as overcoming the barriers of tinnitus. Each may require 
tailored and different interventions. There was also no infor-
mation on pre-treatment hearing assessments, which makes 
it difficult to distinguish the effects of the tumour versus the 
effects of the treatment on hearing function. Despite these 
issues, it appears that ototoxicity is linked to negative rela-
tions with others. This is supported by an analysis of online 
healthcare forums, where one user describes that their tin-
nitus drives them mad and is now affecting their relation-
ship [32]. This has wide-reaching consequences. Ototoxicity 
can impact people’s relationships often in times of increased 
social need.

The above barriers to communication can cause social 
anxiety and withdrawal from situations associated with this 
anxiety [26, 28, 33]. Cross-sectional research has demon-
strated that adults treated for childhood cancer, who went on 
to develop severe hearing loss, are more likely to spend their 
leisure time on computers or watching television—relatively 
isolating activities [33]. Others reported that their hearing 
loss makes them feel reluctant to join social events [28], as 
well as avoid crowded rooms out of fear they would have 
to be at an uncomfortably close range to someone to hear 
them speak [26]. Since hearing loss is often described as 
an invisible condition [34], these social challenges are not 
necessarily recognised by others.

Communicating with others is not the only measure of 
impaired social attainment after PBCT. This can extend to 
other facets of life too. For example, in a sample of 226 
adults of non-CNS (central nervous system) cancers where 
it had been at least 10 years since diagnosis, Brinkman et al. 
(2015) [33] found that participants with severe hearing loss 
had an increased risk of not living independently compared 
to those without severe hearing loss. This particular life 
event promotes self-reliance and socialisation and repre-
sents a sense of adulthood, achievement and individuality. 
Although only one measure of social functioning, this may 
highlight the lack of autonomy possessed by some adults 
LWBC with hearing loss. It also demonstrates the decreased 
opportunity to integrate into the community. However, the 
same pattern was not seen for patients of CNS cancers with 
hearing loss, who showed an increased, although not statisti-
cally significant, risk of not living independently.
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Together, the above research suggests that ototoxic-
ity after cancer treatment permeates many facets of social 
functioning in later life. It increases barriers to social sup-
port, decreases the size of social networks and restricts com-
munity integration. This is especially problematic for those 
LWBC, who may require greater support and reliance on 
others. In addition to other long-term and late effects and 
how these comorbidities impact an individual, the addition 
of ototoxicity can impact a person’s independence. Given 
that humans are a naturally social species, perceived social 
isolation has negative repercussions on several health out-
comes, such as mental health, cognition, physical health and 
all-cause mortality [35, 36]. This highlights the importance 
of increasing awareness of post-chemotherapeutic social iso-
lation. To further combat social difficulties, hearing inter-
ventions, such as hearing aids, should be used. Hearing 
aids are the most commonly implemented intervention for 
presbycusis in adults [37] and although they do not restore 
hearing to normal, they have been shown to improve quality 
of life [38] and decrease feelings of loneliness [39]. Most 
manufacturers now design them to be compatible with a 
range of devices, such as televisions, radios and phones [40]. 
However, there is evidence that hearing aids are underused 
in cancer populations [8, 33], with one study showing that 
only one-third of adults LWBC with hearing loss used a 
hearing intervention [33], although, due to the cross-sec-
tional nature of this study, which provided only a snapshot of 
time, we cannot be sure the uptake of hearing interventions 
did not improve, highlighting the need for more longitudinal 
research. Nevertheless, this is a potential research question 
which should be investigated further. What are the barriers 
to the uptake of hearing interventions? Is the poor uptake 
due to patients or clinicians? These questions are becoming 
increasingly important given the growing number of peo-
ple LWBC with hearing loss—an invisible yet potentially 
restrictive and isolating disability.

Cognitive impacts

Ototoxicity has also been demonstrated to negatively affect 
the cognitive abilities of those LWBC. Cognition is a broad 
term encapsulating processes such as attention, memory, 
executive function, processing speed and language [41]. 
Cross-sectional research studies have demonstrated that 
adults LWBC with hearing loss are more susceptible to 
cognitive decline than those without. For example, even 
after adjusting for relevant covariates and treatment dos-
age, there is evidence that compared to those with normal 
or mild hearing loss, adults LWBC with severe hearing 
loss are at a greater risk of impaired performance on lan-
guage dependent tasks [42]. This includes verbal rea-
soning, verbal fluency and word reading. Mathematical 

computation was also worse. These patients had a median 
age of 5 years at diagnosis and were followed-up at age 
27. That this data were gathered more than 20 years since 
patients were diagnosed highlights the permanence of 
hearing loss after treatment as well as its long-term effect 
on cognitive performance. This study combats the earlier 
issue of smaller sample sizes, with this sample being com-
posed of 1520 adults treated for childhood cancer. How-
ever, given its cross-sectional nature, we cannot know the 
onset of these cognitive deficits, which is important for 
early detection and intervention. This again suggests that 
more longitudinal designs, and continuous monitoring, 
are needed. Despite these limitations, there is supporting 
evidence from a longitudinal study of 165 medulloblas-
toma patients who had seven domains of cognitive ability 
tested [43]: verbal comprehension, visual-auditory learn-
ing, concept formation, visual matching, sound blending, 
spatial relations and numbers reversed. Results demon-
strated that those with severe hearing loss had general 
intellectual abilities that were below average four years 
after diagnosis. In comparison, those without severe hear-
ing loss did not. This may have negative consequences for 
academic performance. For example, severe hearing loss 
has been associated with a twofold increased risk of fail-
ing to graduate high school or being unemployed [33]. It 
is possible that these outcomes are mediated by cognitive 
decline, however this must be interpreted with caution as 
this relationship was not directly tested.

Cognitive deficits have also been observed for tasks 
which are less dependent on language. Compared to patients 
with normal or mild hearing loss, those with severe hearing 
loss show deficits in attention, processing speed, executive 
function and cognitive flexibility. They also have slower 
visuomotor speed [42]. This is supported by Miaskowski 
et al. (2018b) [44], who found that adults LWBC with neu-
rotoxicity (damage to the central or peripheral nervous sys-
tem) self-reported worse attentional functional scores at least 
3 months after completion of treatment. Important to note 
is that here, ‘neurotoxicity’ is comprised of hearing loss, 
tinnitus and chemotherapy-induced neurotoxicity. Analyses 
do not separate these conditions therefore it is not possible 
to know which one(s) have the strongest association with 
cognitive deficits. Despite this, there is evidence that mild 
hearing loss can also impact cognition. When comparing 
the cognition of individuals LWBC who had normal hear-
ing with those with mild hearing impairment, Bass et al. 
(2020) [42] demonstrated that those with mild hearing loss 
exhibited up to a 2.5 times increased risk for neurocogni-
tive dysfunction. This included the domains of intelligence, 
attention, executive function and processing speed. Again, 
this displays that hearing loss does not have to be severe to 
impact the quality of life of people treated for cancer—a 
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pattern we have seen before when discussing social difficul-
ties after treatment-induced ototoxicity.

This decline in cognitive abilities in these quantita-
tive studies are supported by qualitative data too. Using 
semi-structured interviews, adults LWBC complained of 
‘chemo-brain’. Interviewees referred to losing things and 
feeling disorganised [29]. Others have also said that they are 
slower at taking in, processing and synthesising informa-
tion because of their hearing loss. In fact, this has become a 
burden. One individual discussed the increased energy they 
now require to pay attention [26]. Together, this qualitative 
and quantitative data suggest a cognitive deficit related to 
hearing loss after cancer treatment. However, there are other 
important factors to consider which may also be affecting 
cognition, such as neuropathy and fatigue. These can also 
have long lasting and negative impacts on quality of life, 
making day to day life more challenging. Level of inde-
pendence may be impacted, as well as decision-making 
and functional abilities. To slow cognitive decline which 
may be related to ototoxicity, however, hearing and cogni-
tive assessments should be administered during cycles of 
chemotherapy as well as after. This is so early intervention 
and can occur and the identification of those patients at risk 
of cognitive decline.

Child development and educational impacts

To experience post-chemotherapeutic ototoxicity has del-
eterious consequences for those LWBC, however these 
are especially wide-reaching and long-lasting for pediatric 
patients who are in a critical stage of their speech and lan-
guage development. Given that mechanisms of word learn-
ing include repeated verbal cues [45] as well as children 
having the opportunity to monitor their own speech, a hear-
ing deficit can cause a delay in language acquisition. For 
example, using a prospective cohort study design, speech 
alterations have been noticed by family members of pediat-
ric patients an average of 3 years post-diagnosis [45]. This 
could be attributed to their lessened ability to hear others and 
to monitor themselves. Moreover, aside from vocabulary, 
the general rules of language and syntax are also learned 
through verbal cues [45]. As mentioned previously, the per-
ception of fricative sounds, which make up 50% of Eng-
lish consonants, rely on the perception of high frequencies 
[30] but these are often the first to deteriorate after PBCT. 
High frequency sounds are also essential for identifying the 
plural marker /s/, approximately the third most frequently 
occurring consonant, as well as for determining tense and 
sex [30]. The importance placed on these frequently used 
sounds can result in errors when perceiving and learning 

language, and can manifest as educational, social and emo-
tional difficulties.

The impaired ability to perceive and discriminate speech 
can permeate the academic performance of children with 
hearing loss. For example, tests of broad reading abilities 
were administered to patients of medulloblastoma, aged five 
and older. Specific subsets that were assessed included pas-
sage comprehension, reading fluency and letter-word iden-
tification. Results demonstrated a steady decline in overall 
reading ability until five years post-diagnosis in those with 
severe hearing loss, however not in those without [43]. The 
same pattern was not observed for maths abilities, however. 
Although mathematical ability showed the same decline as 
reading ability, the difference between those with severe 
hearing loss and those without was not significant. On one 
hand, this could perhaps highlight that mathematical learn-
ing does not rely, to the same extent, on the same verbal or 
auditory cues as learning language does, but rather symbolic 
representations and visualisation of numbers. On the other 
hand, this may reflect choice of statistical analysis. Partici-
pants were analysed according to whether they had severe 
hearing loss (Chang grade ≥ 2b) or did not have severe hear-
ing loss (Chang grade < 2b). There are seven Chang grades 
and separating them into only two may be an oversimplifi-
cation. Perhaps distinguishing between them would reveal 
differences currently hidden. It is also necessary to note that 
as well as hearing loss, younger age at diagnosis, high risk 
status and posterior fossa syndrome were also risk factors 
for declines in academic and intellectual abilities. This illus-
trates that ototoxicity is not the sole determinant of decline 
in these measures.

A contrasting cross-sectional study, however, has demon-
strated that patients with ototoxicity have impaired reading 
and maths abilities. In a group of 137 childhood survivors 
of neuroblastoma (mean age of 12 years), those with hearing 
loss had twice the risk of parent-reported reading and maths 
difficulties than those without [46]. Furthermore, they had a 
greater risk of general learning disability and needing special 
education at school. The children also self-reported dramati-
cally lower scores in the school functioning domain. During 
the study, survival time was approximately 11 years since 
diagnosis, which illustrates the long-lasting and damaging 
repercussions of hearing loss after cancer treatment. This 
data, however, is based upon subjective parental reports, 
which challenges the reliability of the findings especially as 
data on actual school performance were unavailable to cor-
roborate parental opinions. This may explain the discrepant 
finding regarding maths ability when comparing it to the 
previous study, which used objective methods [43]. Despite 
this, decreased school performance has been noted by family 
members of children with cancer in another study too [45].
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These deficits in reading and maths ability can affect aca-
demic achievements in adolescence. Cross-sectional research 
with adults treated for non-CNS tumours, aged nine at diag-
nosis but aged 31 at follow-up, showed that severe hearing 
loss was associated with an estimated twofold increased risk 
of failing to graduate high school (or be unemployed) [33]. 
Nevertheless, despite these odds, this applied to only 34% of 
the sample, suggesting that approximately 65% did gradu-
ate. This highlights the individual differences and perhaps 
resilience of children with cancer, and suggests that in some 
cases, hearing loss may not necessarily lead to decreased 
opportunities of reaching milestones like this.

Social and emotional difficulties can also arise due to 
ototoxicity. Compared to children whose hearing remained 
normal after treatment, those with hearing loss had poorer 
emotional well-being as reported by parents [47]. Parents 
were concerned over their child’s mental health, with reports 
that they felt miserable, frustrated and anxious. They also 
had reduced independence and a lessened ability to interact 
and communicate with peers and family—a pattern we have 
seen before in adults too [26, 29, 31, 33]. These children 
needed more support during social interactions, which lim-
its the extent to which they can navigate their environment, 
develop independence and socialise with peers without their 
parents, both in and out of school. For example, parents 
were concerned they were not joining in sports and games, 
were being bullied and were unable to make and maintain 
friendships. Of course, this must be interpreted with caution 
as these are the subjective, rather than objective, opinions 
of parents, not the child. However, in cancer populations 
specifically there is evidence of good alignment between 
parent–child ratings of health-related quality of life [48]. 
Similar findings were also seen in a Swiss sample, whereby 
children treated for cancer with hearing loss (aged 8–15) had 
reduced parent-reported physical well-being and impaired 
peer relationships [49]. This was only true for patients with 
CNS tumours, however, not non-CNS tumours, where hear-
ing status had no effect on quality of life. This contradicts 
earlier research, which found hearing loss to negatively 
affect the quality of life of children with non-CNS cancers 
[46]. However, this may be attributed to the fact that chronic 
health conditions frequently found in those with neuroblas-
toma, which can affect quality of life, were not controlled 
for in this study [46].

The academic, social and emotional challenges faced by 
children with hearing loss may lead to a failure to achieve 
their full potential, for example by having to re-sit school 
grades, having poorer self-esteem and less social sup-
port [50]. As mentioned previously, the role of consistent 
audiological monitoring cannot be understated. For chil-
dren this applies to academic, speech and language assess-
ments too, especially as younger age at diagnosis is a risk 
factor for more severe ototoxicity [51]. Early identification 

and intervention, for example by providing hearing aids or 
cochlear implants, could reduce developmental delays. The 
schools of hearing-impaired children should also be alerted 
to accommodate the child and ensure their learning is effec-
tive, for example by seating the child close to the teacher 
or perhaps providing one-to-one support. To ensure norma-
tive development in children with cancer, attempts should 
be made to help them remain at a similar social, emotional 
and academic level as their peers.

Impacts on employment and everyday life

Hearing loss after chemotherapy has been associated with 
an increased likelihood of unemployment [33, 44]. It can 
even effect which job those LWBC believe they are most 
suited to. Adults treated for cancer who developed severe 
hearing loss perceived cancer to have a more negative influ-
ence on their vocational plans than those without [33]. This 
shows that for someone who used to live in a hearing world, 
treatment-induced hearing loss can be career changing. One 
group whose employment may be particularly impacted by 
ototoxicity are musicians. Their art relies on hearing pitch 
and rhythm etc. For this to be impeded creates a fear they 
will not be able to play again or may be forced to retire 
prematurely [32]. One musician reported that cancer was 
less life-changing than the tinnitus they experienced after 
treatment and mentioned that their hearing loss renders 
them an unproductive member of society. They even hinted 
at being better off dead (although this is only one participant, 
which may not reflect the opinions of others in the study). 
This emphasizes the extent to which a person’s identity, 
livelihood and purpose is tied to their career, and for some 
adults LWBC, ototoxicity has the power to end or change 
this. It must be noted, however, that this is a study of online 
healthcare forums, where only those with internet access 
or, perhaps, who are most concerned about their ototoxic-
ity, contribute to discussion. This may create a biased and 
potentially unrepresentative sample.

The everyday simple intricacies of life, which no doubt 
are often taken for granted by healthy individuals, are heav-
ily impacted by the long-term effects of treatment. In gen-
eral, adults LWBC with ototoxicity have reported a lower 
quality of life [3, 44]. This is unsurprising given the number 
of daily activities which can be impeded by hearing loss, 
tinnitus and poor balance. Although research on the latter 
is relatively sparse, there is evidence from a cross-sectional 
study that adults LWBC, with a mean age of 50, have greater 
imbalance and fear of falling compared to age-matched 
healthy controls [52]. These two outcomes were comparable 
to senior controls with a mean age of 70. These results imply 
that adults who have undergone treatment for cancer are as 
worried about falling and have balance impairments similar 

52 Journal of Cancer Survivorship  (2023) 17:40–58

1 3



to individuals 20 years older than themselves. These chal-
lenges could impair mobility, independence and the general 
ability to complete daily tasks. This singular study is sup-
ported by a scoping and narrative review which investigated 
the effect of chemotherapy on the balance and movement of 
people treated for cancer [24, 25]. Similarly, a common find-
ing was that treatment increases postural sway to a greater 
extent compared to healthy controls, and that this worsens 
post-treatment [24]. It is not only static balance that becomes 
impaired, however, but dynamic too. These impairments in 
balance, which is crucial for countless activities, can make 
daily life difficult. Seemingly simple tasks, such as walking 
or climbing the stairs, can become a challenge.

Gait, defined as an individual’s pattern of walking, can 
also be compromised after chemotherapy. Adults LWBC 
have demonstrated a slower gait speed and reduced stride 
length as chemotherapy continues [25]. Impaired gait, as 
well as balance, have negative implications for safety as it 
increases the risk of falls, which occur in approximately 30% 
of survivors [53]. In fact, amongst those receiving neuro-
toxic therapy (including PBCT), imbalance contributed to 
over 50% of falls [54]. Furthermore, along with imbalance 
and impaired gait, risk of falls is associated with poorer 
quality of life up to five years after treatment [25]. Again, 
this is unsurprising, since as well as impeding daily life, 
imbalance and falls can result in fatalities including broken 
bones, dislocation and head injury. There are methods to 
improve imbalance, however, such as balance management. 
This may include rehabilitation of the vestibular system, 
balance training and given that maintaining balance relies 
on multiple sensory inputs, protection of other sources of 
balance information e.g., visual and somatosensory inputs 
[25, 40]. Monitoring the balance of cancer patients is crucial 
for early implementation of interventions like these, which 
could improve quality of life and reduce injury.

Hearing loss and tinnitus also interfere with the simple 
tasks encountered in everyday life. Compared to adults 
LWBC who have not developed ototoxicity, those with 
moderate to severe tinnitus and hearing loss report greater 
interference in general activity, walking and working. In fact, 
they also report greater interference in the enjoyment of life 
[31]. As mentioned previously, the extent of hearing loss and 
tinnitus does not need to be severe to have a negative impact. 
Cross-sectional research has demonstrated that adults treated 
for oropharyngeal cancer who have acquired mild hearing 
loss and tinnitus are six times more likely to report moder-
ate to severe functional and psychosocial interference than 
those without hearing loss and tinnitus. This increases to 30 
times if the hearing loss and tinnitus are severe [31]. Sleep 
disturbances, fatigue and lower morning and evening energy 
have also been associated with ototoxicity in both cross-
sectional and qualitative research [29, 44, 55]. Furthermore, 
amongst previously mentioned challenges related to hearing 

television and radio, safety issues have been associated with 
hearing loss, such as being unable to hear doors opening 
or food cooking [32]. Hearing management interventions, 
such as hearing aids may improve this, however, they also 
have drawbacks. For example, one individual described their 
reduced self-esteem caused by being fitted with a hearing aid 
at such a young age, which is visible under their short hair 
[32]. The same person noted that they do not sleep with their 
hearing aid in, meaning they cannot hear their baby crying 
at night, which causes distress. Together, this research high-
lights the everyday difficulties associated with hearing loss, 
tinnitus and imbalance, which may be unacknowledged by 
friends, family and clinicians. It is essential for research to 
investigate which aspects of life are affected by ototoxicity. 
This is so that specific interventions can be implemented to 
facilitate people LWBC.

Mental health impacts

A diagnosis of cancer can place a mental burden on patients 
[56]. Adding hearing loss, tinnitus and imbalance issues, 
which patients are often unaware of as a side effect [26, 29, 
32] may exacerbate this. However, not everyone is affected 
the same way. The literature revealed two distinct mindsets 
when coping with this long-term effect, which, for simplic-
ity, can be categorised into positive and negative emotions. 
On one hand, some adults are extremely and adversely 
affected. Cross-sectional research has demonstrated greater 
interference in mood in adults LWBC with hearing loss and 
tinnitus compared to those without [31]. Higher levels of 
stress have also been reported in those with ototoxicity, as 
well as distress related to imbalance [44] and tinnitus [32]. 
There is evidence that levels of depression and anxiety are 
higher in those with hearing loss and tinnitus than those 
without, which may be reflected in their lower self-reported 
ratings of quality of life. There were significant differences 
in the psychological well-being and mental health quality 
of life subscales, amongst others [44, 55]. Parent-reported 
mental health issues, such as anxiety and poor emotional 
well-being, have also been seen in pediatric populations 
[47]. Together, this research suggests that ototoxicity can 
affect the mental health of cancer patients from a young age 
well into adulthood. However, contrasting results from other 
pediatric populations suggest that children may not always 
experience mental health issues [46], perhaps highlighting 
individual differences and the resilience of children with 
hearing loss.

These impacts on mental health are already burden-
some, however they can become more extreme. Qualitative 
research has shown that adults LWBC with ototoxicity can 
adopt a suicidal mindset, with one even alluding to overdos-
ing themselves due to the addition of hearing loss to their 
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original diagnosis and chemotherapy [29]. Another spoke 
more candidly about this, quoting, ‘I’d rather be dead than 
deaf’, as well as stating that the management of hearing loss 
and tinnitus are more life-changing and worrying than the 
cancer itself [32]. Tinnitus has also been reported as control-
ling and unbearable, as well as a reminder of cancer [26]. At 
risk of ototoxicity progressing, and quality of life worsening, 
chemotherapy type or dosage can be altered, however this 
brings with it the risk of changing the effectiveness of treat-
ment. This presents a difficult trade-off, which is an unfortu-
nate reality faced by many cancer patients. It is of the utmost 
importance that the mental health status and audio-vestibular 
functioning of patients are regularly monitored, since inter-
ventions (i.e., counselling or hearing aids) could in some 
cases be lifesaving.

However, not all adults LWBC possess this suicidal 
mindset. Some, in fact, adopted a survival mindset and 
expressed gratitude to be alive [26], preferring to be deaf 
than dead. These individuals perceived hearing loss and 
tinnitus to be an acceptable price to pay to be cancer free. 
One even classed them as a ‘souvenir’ and others thought 
not to worry about them until they were in remission [32]. 
Generally, these adults adopted a ‘get on with it’ approach, 
with some learning to live with or even ignore their hearing 
loss/tinnitus. Interestingly, comparison with others who, in 
their opinion, experienced more severe side effects made 
individuals feel lucky that their own side effects were not as 
bad [26]. This demonstrates an appreciation that their situ-
ation could have been worse and contributes to the notion 
that ototoxicity is an acceptable price to pay to be cancer 
free. Others compared their ototoxicity to their more severe 
treatment side effects, which moved hearing loss to a low 
priority status [29]. Furthermore, those with this survival 
mindset appeared to display a resilience and motivation to 
adapt that those with a suicidal mindset did not. For exam-
ple, some reported using lip reading and written methods 
of communication, as well as tactical positioning during 
social scenarios, to ameliorate the effects of hearing loss 
[26]. It could be suggested that these discrepancies in coping 
mindsets result from the importance placed on good hearing, 
which differs from person to person. Some would rather live 
with ototoxicity because they place greater value on being 
alive. For others, normal hearing may be perceived as such 
an essential part of life that they would rather die than live 
without it. It is important for research to clarify why this 
discrepancy between coping mindsets exists, as well as iden-
tify the risk factors for adopting the life-threatening suicidal 
mindset. This would help provide support to those who need 
it most, thus preventing further negative effects on mental 
health and quality of life. Healthier coping strategies could 
also be promoted. To our knowledge, the literature is yet to 
explore why this difference exists, exemplifying a gap in the 
research which warrants further attention.

Based on the findings of this review, it is evident that 
further gaps and limitations exist in the literature. Firstly, 
greater standardisation in the reporting of patient character-
istics is required. Most of the included quantitative studies 
failed to note the range of age at diagnosis. Furthermore, 
four of them did not report the average age at diagnosis. 
Given the importance of age to health risks we argue that 
such reporting needs to be mandatory, especially given that 
younger age at diagnosis is associated with more severe 
ototoxicity [51]. There was also a discrepancy between 
the type of follow up, with some studies reporting the time 
since diagnosis and others reporting the time since last dose 
of treatment, again calling for greater standardisation in 
reporting. Furthermore, of the thirteen quantitative stud-
ies, six had a follow-up period of approximately five years 
or less. Despite a 5-year follow-up being typical for oncol-
ogy, it could be argued that this should be longer in order 
to explore the full extent of late effects and to further inves-
tigate whether ototoxicity improves or worsen with time. 
This calls for more longitudinal designs. Additionally, the 
measurement of tinnitus and balance was often neglected, 
highlighting a greater need for these to be included in future 
research alongside hearing loss. Finally, a majority of stud-
ies in this review used quantitative designs. Although these 
provide valuable information, qualitative designs produce 
richer and more in-depth data on the personal experiences 
of ototoxicity. The open nature of qualitative studies may 
help us understand to a greater extent which aspects of life 
in particular are affected by hearing loss, tinnitus and imbal-
ance, highlighting the need for more studies of this design.

Despite inconsistencies in the literature, it is clear that 
coping with cancer, ototoxicity and other possible long-term 
effects of treatment is challenging, distressing and at times, 
disheartening. It is of an urgent matter to ensure support 
is offered from multiple disciplines to help people LWBC 
regain a sense of normality. This may not be the ‘normal’ 
that they are familiar with, but the tools and the opportunity 
to create a new normal, where they can function and achieve 
to the same extent as peers, should be provided by healthcare 
professionals.

Wider issues

Throughout this review the importance of monitoring oto-
toxicity in those LWBC has been emphasised. Importantly, 
a baseline hearing assessment should be conducted (i.e., 
prior to receiving ototoxic treatment). This prevents clini-
cians overestimating the prevalence of ototoxicity, since it 
may be pre-existing due to noise exposure or presbycusis 
(age-related hearing loss) [21]. It will also help estimate the 
degree of hearing loss as chemotherapy continues, should 
it occur. Although this may vary between care providers, 
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there is evidence that a baseline assessment is not always 
provided. Qualitative research has demonstrated that out of 
20 patients LWBC, 19 of them had not been offered a base-
line hearing assessment, despite being offered other baseline 
tests unrelated to hearing [29]. Another qualitative research 
study found that the number of patients offered a baseline 
hearing test was similar to the number of patients that had 
not [32].

This issue has also been explored from the perspective of 
professionals working within hearing services. One qualita-
tive research study used an online questionnaire to assess 
the management of patients with ototoxicity in the UK [40]. 
Respondents were mainly audiologists, audio-vestibular phy-
sicians and ear, nose and throat physicians treating patients 
for cancer, amongst other patient groups. Analysis revealed 
that only 16% measured baseline hearing and balance, 26% 
did not and the remainder only tested some patients, but not 
all. Concerning the subsequent monitoring of ototoxicity, 
60% tested hearing loss only, and less than 10% tested for 
balance only or both. Surprisingly, 30% of respondents did 
not know whether monitoring was carried out. This high-
lights that the monitoring of balance is less common than 
that of hearing loss, which in itself could be improved. It is 
important to test the balance of individuals LWBC, espe-
cially since falls are more common in older adults with 
cancer than those without [57]. Similar findings have been 
seen in a study of 17 pediatric oncology centres [58]. A 
questionnaire sent to each of these centres highlighted the 
low rate of long-term audiological monitoring. In fact, less 
than a quarter of participating centres tested children with 
normal hearing post-treatment. It is important that both chil-
dren and adults treated with PBCT are monitored long-term, 
even if they are not presenting with ototoxicity. This is due 
to the progressive nature of hearing loss even after treatment 
has ceased [30]. Despite this, there is evidence that some 
patients, both with and without hearing impairment, have 
experienced almost a decade between audiological assess-
ments [28].

Failure to monitor ototoxicity during and after treatment 
can result in a delay in help-seeking. Given the social, cog-
nitive and educational impacts that may arise as a result 
of ototoxicity, as well as the impacts on child develop-
ment, employment and mental health, early intervention is 
crucial. This could include the provision of hearing aids, 
cochlear implants, counselling or modifying the type/dos-
age of treatment [40]. To ensure the optimal care of those 
LWBC, there should be clear communication between 
oncology and audiology, or even a care team comprised 
of both. Patients should have routine appointments with 
audiologists. The American Speech-Language-Hearing 
Association recommends a hearing assessment 24 hours 
before each cycle of PBCT and a follow-up at three and 

six months after the cessation of treatment. For children it 
is recommended they are assessed immediately after treat-
ment has ended and then at three, six and 12 months [59]. 
High frequencies should be routinely included in these 
monitoring assessments as these are the first to deteriorate 
after PBCT. Despite these guidelines, there is evidence 
that routine audiological monitoring is not consistently 
practiced (although this will vary between care provid-
ers) [60, 61]. Future research should identify the barriers 
to conducting baseline measurements and implementing 
subsequent monitoring programs, with the aim of improv-
ing care for those undergoing treatment.

A further problem experienced by those LWBC is the 
lack of awareness of ototoxicity as a side effect. Qualitative 
research has found that patients did not know that tinnitus 
and hearing loss were side effects of cancer treatment until 
they experienced it themselves [26, 29, 32]. In these three 
studies, thematic analysis identified the lack of information 
as a key theme. Many individuals felt as though healthcare 
professionals had neglected to inform them about ototoxic-
ity, resulting in feelings of disappointment, confusion, anger 
and dissatisfaction [29, 32]. Others thought that their tinni-
tus/hearing loss would eventually subside and were shocked 
when they realised it was permanent. Something to con-
sider, however, is that one of these studies is an analysis of 
online healthcare forums [32]; therefore, it may be subject to 
sample bias. Perhaps, forum users most likely to contribute 
were seen by the healthcare professionals who failed to men-
tion ototoxicity as a side effect, therefore are more likely to 
express their feelings online. However, even when informa-
tion on ototoxicity has been provided, there is evidence that 
it is presented in an inappropriate format (i.e., books and 
leaflets) at a time when individuals are in shock and have 
other information to process [29]. This can cause ototoxicity 
to be overlooked or underestimated as a side effect. More 
emphasis on this is needed, perhaps through a verbal discus-
sion with a clinician.

The above research highlights the essential role of the 
clinician, whether that be an audiologist, oncologist or nurse. 
To enhance the understanding of ototoxicity as a side effect, 
information should be delivered to the patient in a patient-
centred manner, i.e., at a time and in a format tailored to 
the individual. This could ameliorate the stress, anxiety 
and shock associated with ototoxicity and the speculation 
over its permanence. Families of the patients should also be 
informed to aid their own understanding. Greater informa-
tion provision may speed up the help-seeking process and 
prevent negative feelings towards clinicians. It is important 
that this relationship remains intact, since there is evidence 
that patients whose oncologist was supportive were more 
forthcoming about their hearing loss/tinnitus than those 
whose oncologist was not [29].
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Limitations

It must be noted that although the studies in this litera-
ture review all included PBCT, many also included other 
forms of treatment (e.g., radiotherapy). Therefore, we can-
not rule out the possibility that hearing loss, tinnitus and 
imbalance (and any subsequent negative consequences) 
were caused by these treatments instead. Furthermore, the 
studies in this literature review, and in the literature in gen-
eral, are heterogenous in terms of methodology, participant 
demographics and measurements of ototoxicity. Therefore, 
caution must be exercised when making comparisons with 
regards to incidence and severity. Finally, in this review, 
screening of the literature was completed by the primary 
author only. This may reduce how reliable source selection 
was as there was no second screener to verify the included/
excluded papers.

Conclusion

Although the number of individuals surviving cancer is 
increasing, the long-term effects of treatment continue 
to burden several aspects of life for those LWBC. This 
comprises exclusion and anxiety associated with social 
scenarios, cognitive difficulties in linguistic and non-
linguistic tasks, attention and processing speed. Ototox-
icity can affect child development, especially in terms of 
language acquisition and academic performance. Issues 
related to impaired audio-vestibular functioning extend 
into adulthood, with individuals experiencing challenges 
surrounding the practicalities of everyday life and a 
greater likelihood of unemployment. Ototoxicity in those 
LWBC can also have a negative effect on mental health. 
The risks of depression and anxiety may increase as well 
as the development of suicidal thoughts. However, not 
everyone LWBC experiences this. Some have a positive 
coping mindset and are grateful to have survived even 
if they have acquired hearing loss or tinnitus. Future 
research should investigate why this discrepancy exists in 
order to identify and provide support to individuals with 
suicidal thoughts, as well as to promote more productive 
coping strategies.

To reduce these impacts of hearing loss, tinnitus and 
imbalance early intervention is crucial. However, there is 
evidence that baseline measurements of ototoxicity and 
subsequent monitoring is inadequate. Furthermore, many 
patients felt as though healthcare professionals had not 
informed them of ototoxicity as a side effect, which caused 
feelings of anger and distrust. This could cause a breakdown 

in the patient-clinician relationship. Future research could 
investigate why these issues exist, which would be benefi-
cial since resolving them could increase the speed at which 
interventions are sought and may prevent further decline in 
quality of life. In addition, there is relatively less research 
on imbalance relative to tinnitus and hearing loss, despite it 
interfering with daily life and increasing the risk of falls and 
injury. More research should be dedicated to this long-term 
debilitating effect of chemotherapy.

Although the aim of cancer treatment is survival, oto-
toxicity encountered after PBCT, which is often perma-
nent and not preventable, should not be neglected by cli-
nicians and researchers. It is crucial that we direct more 
of our attention towards this topic to enhance the care of 
patients and help them adapt to life with ototoxicity. We 
ought to investigate which aspects of daily life are com-
promised so that tailored interventions can be applied to 
situations where help is needed the most. It is the joint 
responsibility of healthcare professionals and researchers 
to facilitate this.
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