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Purpose: Platinum-based chemotherapy and radiotherapy are cornerstone treatments for many cancers but carry a high risk of
ototoxicity, leading to hearing loss, tinnitus, and balance dysfunction. Despite the benefits of monitoring in reducing long-term
consequences, global uptake remains poor. This study provides the first national-level insight into ototoxicity monitoring for cancer
patients in Saudi Arabia, aiming to identify service gaps and propose solutions to guide healthcare planning.

Methods: Twenty-five oncology centers were evaluated. Data were collected via phone interviews with oncologists and audiologists,
providing a comprehensive understanding of monitoring in clinical practice.

Results: Findings highlight a concerning reality: institutions often fail to support even the most basic elements of ototoxicity
monitoring. Practices varied considerably in the absence of formal policies, even within the same institution, depending on audiology
service availability and oncologists’ referral approaches. Adult referrals were rare, pediatric monitoring was inconsistent, and long-
term follow-up was limited. Barriers included inadequate audiological resources, staff shortages, insufficient multidisciplinary
coordination, limited audiologists’ knowledge, and lack of guidelines.

Conclusion: As decision-makers seek reliable national data to guide policies aligned with Vision 2030 health transformation goals,
this study proposes policy-based solutions to strengthen ototoxicity monitoring and expand access to hearing rehabilitation services in
Saudi Arabia. The study has inspired a collaborative initiative—currently being explored by the author with audiologists and
oncologists across health sectors—to promote internal monitoring protocols in capable institutions and lay the groundwork for
a future national ototoxicity monitoring program.
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Introduction

Oftotoxicity refers to damage to the inner ear or auditory nerve, leading to cochlear hearing loss, tinnitus, or balance
dysfunction.! Cancer patients receiving antitumor therapies, particularly platinum-based chemotherapy and radiation
therapy, are at high risk of experiencing ototoxicity.

Platinum-based chemotherapy drugs, including cisplatin, carboplatin, and oxaliplatin, are well documented to cause
ototoxicity in both pediatric and adult populations.? Cisplatin is the most ototoxic of this group and among the most ototoxic
medications in clinical practice, often causing hearing loss and persistent tinnitus in many patients.® Carboplatin, while less
ototoxic, can still cause significant cochlear damage at high cumulative doses.** Hearing loss from oxaliplatin is rare.®’
Beyond hearing loss, platinum drugs may also cause vestibular dysfunction, unsteadiness, dizziness, and difficulty focusing on
objects while in motion (oscillopsia).®’ Hearing loss caused by platinum-based drugs usually begins in the high frequencies,
worsens with cumulative doses, and may spread to lower frequencies. 10-13 Reported adult incidence remains unreliable due to

the absence of standardized monitoring. Persistent tinnitus occurs in about 60% and hearing loss in 18% of young testicular
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cancer patients treated with cisplatin,'* while up to 80% of young men with germ cell cancer develop hearing loss ranging
from mild to profound.? In children, cisplatin-induced ototoxicity has been reported in 26-90% of cases. '

Ototoxicity is also associated with radiation therapy (also known as radiotherapy), which is commonly used for brain,
head, and neck tumors and is the first-line treatment for nasopharyngeal cancer.'®!” Because of the complex anatomy of
this region, it is difficult to protect the ears and surrounding structures, making radiation-induced ototoxicity a frequent
complication. Damage may occur to the cochlea, auditory nerve, or middle and external ear.'® Reported ototoxicity
ranged from 0-43% with radiation alone and 17-88% with chemoradiation.'

While ototoxicity monitoring is commonly understood as the process of detecting hearing changes at the earliest stage, it
equally encompasses the objective of initiating prompt intervention.” In the absence of effective, approved preventive or
therapeutic interventions that do not compromise anticancer efficacy,?® systematic monitoring of the auditory and vestibular
effects of chemotherapy and radiation is essential, as many patients receiving ototoxic drugs may not recognize hearing loss
until communication difficulties emerge. This suggests that damage to the frequency range essential for understanding speech
has likely already occurred. Likewise, symptoms such as dizziness may only be reported after significant vestibular system
damage has taken place."’

Untreated hearing loss can hinder patients’ ability to comprehend important health and treatment-related information®' and
has been linked to a higher risk of hospital readmissions.”> Addressing hearing loss is therefore particularly crucial during
periods of critical illness.'" Hearing loss, although not life-threatening, can significantly impact communication and quality of
life** and limit employment opportunities.>* Addressing hearing loss can have significant advantages in reducing the risk of
developing dementia by enhancing cognitive function and daily living skills.>> Children with any degree of hearing loss, from
mild to severe, are at risk of experiencing delays in language development. This can have negative effects on their education,
social outcomes, and self-esteem.'*'>2%2° In 2020 Pearson et al*’ interviewed adults who had undergone chemotherapy and
found that ototoxicity significantly reduced quality of life, particularly due to social difficulties and anxiety about worsening
hearing or tinnitus. They recommended better hearing monitoring, patient education, and routine screenings during and after
treatment, along with increasing awareness among both patients and healthcare providers to ensure early detection, timely
intervention, and long-term support.

Although ototoxicity monitoring guidelines have existed for decades, international adoption of audiological practices
remains low.”® A 2023 review of international guidelines reported that limitations in the protocols issued by the American
Speech-Language-Hearing Association (ASHA)*’ and the American Academy of Audiology (AAA),’ such as impracticality
in clinical settings and the absence of clear definitions for significant hearing changes or concrete monitoring intervals, may
partly explain the low global adoption of audiological ototoxicity monitoring practices. The authors emphasized the need for
further studies to clarify specific barriers to implementing real-world ototoxicity monitoring practices.”®

Few studies have explored ototoxicity monitoring practices with the aim of identifying challenges and developing

solutions. In the United States, research has largely focused on adherence to national guidelines''~

supported by well-
established monitoring programs, advanced audiology services, and widespread postgraduate training programs—
resources that very few countries share. While such studies are valuable, their findings are often shaped by the resources,
organization, and workflows of individual institutions. Other investigations have typically been limited to single centers;
such approaches often fail to capture real-world challenges or provide practical, implementable solutions needed for
establishing comprehensive national programs. For example, a single-center Italian study suggested that establishing
a national monitoring program would facilitate early detection and rehabilitation of ototoxic hearing loss. This high-
lighted the value of national monitoring programs for early detection and rehabilitation of ototoxic hearing loss.*
However, a recent US study reported that while such programs improved baseline testing, follow-up and rehabilitation
rates remained low, underscoring the need for context-specific and sustainable surveillance strategies.>'

Collectively, these findings highlight the need for national-level evaluations across different countries and regions, as
challenges and solutions may vary not only between countries but also across regions within the same country. Some
barriers, such as the absence of clear guidelines, may be shared internationally, whereas others are likely to be unique to
specific healthcare systems, regional infrastructures, or cultural contexts. Saudi Arabia, which covers most of the Arabian
Peninsula, is experiencing a sharp rise in cancer incidence, with rates approaching global levels.*> Cancer care has
expanded across health sectors, and survival rates are now comparable to those in Western countries.>*** This progress
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should shift the focus toward improving survivors’ quality of life and reducing long-term toxicities, yet research on
ototoxicity monitoring is lacking.
This study aims to:

e gain insight into the national practice patterns of ototoxicity monitoring at institutions treating patients with cancer,
to identify audiology service gaps, barriers, facilitators, and possible solutions; and

e develop recommendations to enhance ototoxicity monitoring and improve access to hearing rehabilitation services
in Saudi Arabia.

This paper provides important information for decision-makers at a critical time. Under Vision 2030, Saudi Arabia
launched the National Transformation Program in 2016.%> The healthcare sector is undergoing major reforms to build
a more inclusive, efficient, and interconnected system. The strategy emphasizes insurance-based funding, greater private
sector involvement, improved access to services, modernized facilities, and expanded investment.*® As decision-makers
increasingly seek reliable data and international benchmarks to guide policy, this creates an opportune moment to
integrate evidence-based strategies for strengthening cancer care and ototoxicity monitoring in line with global best
practices.

Materials and Methods

This study utilized a cross-sectional survey design to evaluate current national practices in ototoxicity monitoring for
cancer patients receiving platinum-based chemotherapy or radiotherapy across the Kingdom of Saudi Arabia. The study
was approved by the Institutional Review Board, College of Medicine, King Saud University, Riyadh, Saudi Arabia
(Reference No. 24/1377/IRB).

Questionnaires

Development and Validity

Two versions of the structured questionnaire were developed by the author: one for oncologists and a parallel version for
audiologists. Both were informed by a review of relevant literature, expert input, and clinical practice guidelines from
professional audiology organizations. The questionnaires aimed to assess the extent of ototoxicity monitoring imple-
mentation, variations in practice, access to services, protocols in use, service gaps, and perceived challenges, with the
goal of proposing solutions to improve ototoxicity monitoring systems in oncology settings nationally.

Most items were close-ended with multiple selection options, including check-all-that-apply formats and Likert-style
frequency scales, supplemented by “Other” and comment fields for elaboration. This dual-respondent design enabled
a comprehensive understanding of ototoxicity monitoring in clinical practice. Face validity was assessed by a subgroup of
four professionals (two oncologists and two audiologists), and following consensus on clarity and relevance, both versions
were approved for data collection.

Content

The primary questionnaire targeted medical and radiation oncologists in hospitals or cancer centers providing platinum-
based chemotherapy or radiotherapy. It began with eligibility confirmation and collected information on center char-
acteristics, including region, healthcare sector, patient population, and cancer treatments offered. It also examined the
availability of audiology services, the presence of ototoxicity monitoring programs, internal policies or guidelines, and
the stage of implementation.

The questionnaire further explored real-world practices, such as pre-treatment counseling on ototoxic effects, the frequency
and consistency of monitoring for pediatric and adult patients, testing locations, referral systems, and appointment scheduling
processes. Finally, it identified perceived challenges and barriers to implementation and captured oncologists’ views on systemic
issues, including the need for a national monitoring program and the role of audiologists in multidisciplinary care.

The parallel version of the questionnaire was administered to representatives from audiology departments where services
were available. It included matched sections for cross-validation with oncologist responses as well as items specific to
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audiologists’ clinical roles. These covered protocols for baseline and follow-up assessments, diagnostic tests used, counseling
practices, and whether standard criteria to define ototoxic shifts or grading scales were used. The questionnaire also assessed
the availability of audiological equipment, including portable tools for bedside testing, and explored perceived challenges and
barriers to current practice (see Supplementary Materials for the two versions of the questionnaire).

Participating Centers and Representatives

Specialized cancer care centers were identified across the five geographical regions of Saudi Arabia. The Ministry of
Health is the largest provider of healthcare in the Kingdom, accounting for approximately 60% of services. Other
governmental organizations — such as King Faisal Specialist Hospital and Research Center, Armed Forces Hospitals,
National Guard Hospitals, University Hospitals, and Security Forces Hospital — provide 16%, while the private sector
accounts for 24%.>” In cancer care, however, governmental organizations play the dominant role, and private sectors
contribution is minimal; therefore, it was excluded from this study.

Representatives of evaluated centers were identified through professional networks, with recruitment facilitated by
referrals and supported by the collaboration of colleagues and professionals. Direct communication occurred via email,
WhatsApp, and phone calls, with a brief explanation of the study’s purpose. Participants chose to remain anonymous to
prevent disclosure of their institutions. After obtaining informed consent, questionnaires were completed during
scheduled phone calls. This approach allowed respondents to elaborate on their answers and provide additional clarifying
information for a more comprehensive understanding. At the end of each call, responses were summarized and reviewed
with the participant to ensure accuracy.

Oncology representatives from 25 cancer centers agreed to participate in the study. These representatives were
practicing medical or radiation oncologists in cancer centers providing platinum-based chemotherapy or radiotherapy and
therefore were directly involved in patient care at their respective institutions. For centers offering both chemotherapy
and radiotherapy services, two representatives were interviewed—a medical oncologist and a radiation oncologist—to
reflect the common practices of each discipline. In most centers, one medical oncology representative participated, along
with a radiation oncologist when applicable. However, in three large centers with higher patient volumes, a total of four
oncology representatives (two medical and two radiation oncologists) were interviewed. In total, 45 oncologists
participated in the study. Audiologists from 17 centers were interviewed. In most centers, one clinical audiologist served
as the representative, whereas in four centers with established audiology departments within the same facility, two
audiologists were interviewed. In total, 21 audiologists participated. The majority held a bachelor’s degree in audiology,
while a smaller number had completed postgraduate studies abroad.

Although not all cancer care centers in the Kingdom participated, the dataset from these 25 centers—representing
approximately 82% of all cancer care centers in Saudi Arabia—is considered comprehensive. It includes representation
from all five geographical regions and encompasses a variety of healthcare sectors. This range extends from large,
nationally recognized cancer centers to smaller centers with limited oncology services and lower patient volumes. See

Table 1 for the characteristics of the evaluated cancer care centers.

Results
It is worth noting that, in the absence of formal ototoxicity monitoring policies between oncology and audiology
departments across all evaluated centers, practices varied considerably, even within the same institution. This variation
was occasionally observed by the author during data collection, particularly in larger centers where more than one
representative was interviewed. When discrepancies arose, the author verified the information with the respondents. In all
such cases, inconsistencies reflected individual differences in practice between oncologists or among audiologists within
the same center. The author therefore reported the most commonly conducted practices for each center, while acknowl-
edging that actual practices at any given time may differ and may be slightly better or worse than described.

Table 2 provides a summary of the main descriptive results, while additional important details are described in the
Results section.
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Table | Characteristics of the Evaluated Cancer Care Centers

Center Geographical | Sector Patient Treatment
Number Regions Population
Adults | Pediatric | Chemotherapy | Radiotherapy

l. Central MoH Yes Yes Yes Yes
2. Southern MoH Yes No Yes No
3. Western MoH Yes No Yes Yes
4. Western MoH Yes No Yes No
5. Southern Other Yes Yes Yes Yes
6. Southern MoH Yes No Yes Yes
7. Northern MoH Yes No Yes No
8. Western Other Yes Yes Yes Yes
9. Central Other Yes Yes Yes Yes
10. Central Other Yes Yes Yes Yes
I Central Other Yes Yes Yes Yes
12. Eastern MoH Yes Yes Yes Yes
13. Central MoH Yes Yes Yes No
14. Southern MoH Yes Yes Yes No
I5. Northern MoH Yes No Yes No
16. Central MoH Yes No Yes No
17. Central MoH Yes Yes Yes Yes
18. Eastern MoH Yes Yes Yes Yes
19. Eastern MoH Yes No Yes No
20. Western Other Yes Yes Yes Yes
21. Northern MoH Yes No Yes No
22. Western MoH Yes No Yes No
23. Western Other Yes No Yes No
24. Western Other Yes Yes Yes Yes
25. Central Other Yes Yes Yes Yes

Notes: Geographical regions of Saudi Arabia: Central Region (Riyadh, Qassim & Hail); Eastern Region (Dammam, Ahsa &
Hafar Al Batin); Western Region (Jeddah, Makkah, Taif & Qunfudah); Southern Region (Asir, Baha, Jazan & Najran);
Northern Region (Madinah, Tabuk, Jouf & Northern Region). MoH: The Ministry of Health. Other: Other governmental
organizations, such as King Faisal Specialist Hospital and Research Center, Armed Forces Hospitals, National Guard

Hospitals, University Hospitals, and Security Forces Hospitals.

Audiology Services Availability

Oncologists from three (12%) centers reported that there are no audiology services available within their facilities, or that

they are not aware of such services. In the remaining centers, the availability and scope of audiology services varied

widely. These ranged from a lack of full-time audiologists to basic services embedded within otolaryngology clinics, to

standalone audiology outpatient clinics, and in some cases, fully equipped departments that included cochlear implant
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Table 2 Summary of the Main Descriptive Results

Audiology Services Availability
Yes 22 (88%)
No 3 (12%)
Ototoxicity Monitoring Program in Place or Under Development
Yes 0 (0%)
No 25 (100%)
Real-World Practices in Ototoxicity Monitoring
Any degree of ototoxicity monitoring practices in place
Yes 12 (48%)
No 13 (52%)
Adult
Routinely refer all patients to audiological evaluation
Yes 0 (0%)
No 25 (100%)
Post-treatment evaluation
Yes 3 (12%)
No 22 (88%)
Pediatric
Routinely refer all patients to audiological evaluation
Yes 11 (78.6%)
No 3 (21.4%)
Post-treatment evaluation
Yes 11 (78.6%)
No 3 (21.4%)
Long-term follow-up appointments (up to |2 months)
Yes 7 (50%)
No 7 (50%)
Protocols of Testing
Standard air-conduction and bone-conduction PTA 16 (64%)
Otoacoustic emissions 9 (36%)
Measure extended high-frequency thresholds 3 (12%)
Use sensitive range for ototoxicity approach 0 (0%)
(Continued)
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Table 2 (Continued).

Monitor for tinnitus or balance disorders 0 (0%)
Use of validated grading scales 3 (12%)
Have a standardized definition for a hearing shift 0 (0%)
Have a unified plan of action when a shift is detected 0 (0%)

centers. In centers where audiology services were available, they were typically located in separate buildings within the
same institution, most commonly near the otolaryngology outpatient clinics.

Ototoxicity Monitoring Programs, Policies, and Implementation Stage

Currently, there is no ototoxicity monitoring program in place or under development at any of the evaluated centers.
However, two (8%) audiology departments located within hospitals that host cancer centers reported ongoing efforts to
develop an internal policy aimed at improving ototoxicity monitoring practices for cancer patients. Additionally,
audiologists from four (16%) other audiology departments indicated the existence of a brief protocol that is informally
followed within the department. Nevertheless, these protocols are not formalized, institutionally approved, or sufficiently
detailed to be considered official clinical guidelines.

Real-World Practices in Ototoxicity Monitoring

Pretreatment Counselling

Oncologists across all centers reported informing patients or caregivers about potential ototoxic effects before treatment,
although the depth of counseling varied. In some facilities, risks were only briefly referenced in the general treatment
consent form, alongside other potential side effects, while others provided more detailed verbal discussions. Ototoxicity
risk was more frequently addressed with patients receiving cisplatin or those undergoing radiotherapy for head and neck
cancers. No centers provided written materials or information on rehabilitation options. When provided, pre-treatment
counseling was conducted solely by oncologists; no center reported involvement of audiologists in this process.

Referral to Audiological Evaluation
Oncologists at 13 (52%) of the evaluated centers reported that no routine ototoxicity monitoring practices were in place.
In these centers, referrals to audiology were only considered when patients presented with hearing-related symptoms, and
such referrals were rare. According to audiologists in the departments serving these centers, referred patients were
managed as new cases for assessment and treatment rather than as individuals requiring ototoxicity monitoring. In the
remaining 12 (48%) centers, ototoxicity monitoring practices were reported; however, the frequency and consistency of
these practices varied and were largely influenced by patient population (adult vs pediatric), the individual approach of
the oncologist, availability of audiology appointment slots, cancer type, and the specific antitumor therapies used.
None of the evaluated centers routinely refer all adult patients receiving chemotherapy or radiotherapy for baseline
audiological assessments, nor do they conduct regular follow-up monitoring during treatment. Nine centers (36%)
reported routinely referring head and neck cancer patients, particularly those with nasopharyngeal carcinoma or requiring
radiotherapy, for audiological assessment. In these centers, some oncologists also refer patients who are receiving
cisplatin. Monitoring primarily involved baseline evaluations before or shortly after treatment, with ongoing monitoring
rarely practiced. Post-treatment evaluations were uncommon and typically occurred only when oncologists considered
rehabilitation necessary. Three centers (12%) occasionally conduct post-treatment assessments for head and neck cancer
patients, where audiologists provide long-term follow-up for up to 12 months after treatment. However, many patients
missed these appointments.
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Monitoring changes in hearing for pediatric patients was generally more consistent and frequent than for adults across
most centers that serve both populations. However, in three centers (21.4%), routine referrals to audiology were not
conducted, with two of these centers (14.3%) lacking audiology services. In the remaining 11 centers (78.6%), baseline
assessments were usually performed unless the patient’s clinical status prevented testing. Follow-up monitoring prior to
each treatment dose was limited and inconsistent, whereas post-treatment evaluations were conducted more frequently. In
only seven centers (50%), audiologists reported providing long-term follow-up appointments for up to 12 months, but
none extended beyond this period. However, many pediatric patients miss these appointments, and no tracking systems

are in place to ensure continued monitoring.

Protocols, Equipment, and Location of Testing

In all centers that reported conducting hearing evaluations for cancer patients receiving antitumor therapies, the protocols
used for baseline, during-treatment (if conducted), and post-treatment assessments involved similar test batteries. These
typically include tympanometry, bilateral standard air-conduction and bone-conduction pure-tone audiometry (PTA) at
0.25, 0.5, 1, 2, 4, and 8 kHz, with some centers also testing at 3 and 6 kHz, and speech reception thresholds, along with
word recognition testing. Auditory brainstem response is used to estimate thresholds in infants and young children unable
to provide reliable behavioral responses. Otoacoustic emissions (OAEs) are commonly included in the test battery.
Depending on equipment availability, centers use either distortion-product OAEs (measured up to 8 or 10 kHz) or
transient-evoked OAEs.

Audiologists in only three centers (12%) reported routinely measuring extended high-frequency (EHF) PTA thresh-
olds. Notably, the absence of EHF testing in other centers was not always due to equipment limitations; audiologists in
some facilities acknowledged having access to high-frequency audiometers but still did not incorporate EHF testing into
their routine protocols. None of the participating audiologists reported using the behavioral Sensitive Range for
Ototoxicity (SRO) approach.*® Similarly, no centers monitored for ototoxicity-related tinnitus or balance disorders, nor
did they employ self-report measures for hearing, tinnitus, or quality of life.

All testing was conducted in audiology clinics, as portable equipment was unavailable in most centers. Only three
centers (12%) reported having portable equipment (tympanometer, standard audiometer, and diagnostic OAE system) and
considered bedside testing for patients with limited responsiveness, although this was not common practice.

Shift Definition, Grading Scales, and Outcome Reporting

None of the evaluated centers used a consistent or standardized definition for identifying an ototoxic hearing shift, nor was
there a unified plan of action when a shift was detected. Conducting a validating retest before making clinical recommenda-
tions was reported by audiologists in only one center (4%). In general, participating audiologists in centers where ototoxicity
monitoring for cancer patients was implemented routinely documented threshold shifts, of any magnitude, at a single
frequency or two or more adjacent frequencies in the audiology notes for review by the referring oncologist.

Audiologic management, follow-up appointments, and counseling regarding rehabilitative options — such as hearing
aids and communication strategies — were typically provided to patients when clinically indicated. The use of validated
grading scales was uncommon. Only three centers (12%) reported routine use: two (8%) used the International Society of
Pediatric Oncology (SIOP) Boston Ototoxicity Scale for pediatric patients, and one (4%) used the Common Terminology
Criteria for Adverse Events (CTCAE) for both pediatric and adult patients.

Access and Scheduling

In all evaluated centers, audiologists only had access to patients requiring ototoxicity monitoring if they were referred by
oncologists. Scheduling of monitoring tests was managed jointly by oncology and audiology clinics, depending on
appointment availability. In three centers (12%), audiology departments reported that oncology referrals were prioritized,

allowing patients to be accommodated as walk-ins for urgent cases.
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Limitations and Challenges in Implementing Effective Monitoring

The key challenges limiting the implementation and the feasibility of timely and consistent ototoxicity monitoring were
identified through both the multiple-choice responses and elaborative comments provided by participating oncologists
and audiologists. The following themes emerged.

Audiology Service Availability and Audiologist Shortage
This was a central concern shared by both oncologists and audiologists. In several centers, particularly those located
outside major cities, oncologists reported significant barriers due to the limited availability of audiology services, lack of
essential equipment for ototoxicity monitoring, or the absence or shortage of full-time audiologists. Larger institutions,
which are typically in the main cities and host major cancer centers, were more likely to have established audiology
departments. These departments often serve ENT clinics, traditional audiology outpatient caseloads, newborn hearing
screening referrals, and cochlear implant programs. However, even in these better-resourced centers, audiologists
reported considerable challenges due to staff shortages and limited availability of sound booths.

Most participating audiologists described a high clinical workload, which makes it challenging to consistently
monitor all adult cancer patients and to provide timely, repeated assessments for pediatric patients. Scheduling constraints
and competing service demands, where audiologists are often stretched across multiple services, further hinder the

implementation of consistent ototoxicity monitoring for all at-risk patients.

Insufficient Multidisciplinary Teamwork and Coordination

Another frequently reported limitation, identified by most participating oncologists and audiologists, was the lack of
effective multidisciplinary collaboration. A common concern was the absence of dedicated coordinators to manage key
aspects of ototoxicity monitoring, including referral processes, access to patients and follow-ups, communication of
outcomes, and interdepartmental coordination. The lack of an integrated care model was identified as a major barrier to
implementing consistent and timely monitoring practices.

Lack of Guidelines for Ototoxicity Monitoring Protocols

A primary challenge reported by the majority of participating audiologists was the absence of formal guidelines or
structured protocols for ototoxicity monitoring. The lack of clear policies to guide essential elements — the selection of
diagnostic tests, recommended test frequency, criteria for defining hearing shifts, use of grading scales, and standardized
methods for documentation and reporting — was identified as a major barrier to implementing effective monitoring
practices.

It is worth noting that the majority of participating audiologists, particularly those with only a bachelor’s degree in
audiology and no postgraduate studies abroad, reported limited familiarity with ototoxic medications, recommended
practices such as the SRO screening method, available grading scales, and international ototoxicity monitoring
guidelines. This gap was largely attributed to the insufficient coverage of ototoxicity during their undergraduate
studies.

Compromised Clinical Status of Cancer Patients

A less frequently reported but significant barrier was the physical and cognitive condition of some patients undergoing
chemotherapy or radiotherapy, particularly those in critical condition. In such cases, the compromised clinical status
made it difficult to transport patients to audiology clinics, often located in separate buildings or distant departments, or to

conduct comprehensive behavioral hearing assessments.

Oncologists’ Perspectives
Participating oncologists were invited to share their perspectives on key issues related to ototoxicity monitoring,
including the potential role of audiologists, and to highlight areas they believed would most improve current practices.
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Need for a National Ototoxicity Monitoring Program

All oncologists agreed on the need for a structured ototoxicity monitoring policy for patients receiving chemotherapy or
radiotherapy. However, views differed regarding the scale at which such a program should be implemented. The majority,
particularly those from centers with limited or no audiology services, believed that meaningful progress would not be
possible without a national program formally supported by the Saudi Ministry of Health and other health sectors. In
contrast, a few oncologists from large institutions with well-established audiology departments felt that, while a national
program should remain the long-term goal, adopting standardized internal policies within their institutions could still
provide noticeable improvements in current practices, even if not fully sufficient. Notably, over 94% of participating
oncologists believed the initiative for establishing a national program should originate from audiologists, as part of
a collaborative, multidisciplinary effort. None disagreed, while the remaining respondents were uncertain (neither
agreeing nor disagreeing).

Role of Audiologists in Multidisciplinary Care

All participating oncologists emphasized that audiologists should take a more active role in raising awareness about the
signs and symptoms of ototoxicity — such as hearing loss, tinnitus, and imbalance — and their impact on communication
and overall quality of life. This awareness should be directed not only to healthcare providers, including oncologists and
nurses, but also to patients and caregivers. The majority (over 90%) also believed that audiologists should be more
involved in pre-treatment counseling, working alongside oncologists to educate patients and caregivers about the
potential risks of ototoxicity and the rehabilitative options available. None of the oncologists disagreed with this view;
however, those who did not fully agree expressed concerns about the depth and style of counseling, noting that it should
be delivered carefully so as not to discourage patients or create hesitation in accepting the therapy plan recommended by
the oncologist.

Discussion

Current State of Ototoxicity Monitoring for Cancer Patients

This study provides the first national-level insight into the real-world practices of ototoxicity monitoring for cancer
patients undergoing platinum-based chemotherapy and radiotherapy in Saudi Arabia. The findings from the evaluated
centers reveal a substantial gap in the delivery of structured, consistent, and protocol-driven audiological care for both
adult and pediatric cancer patients at risk of ototoxicity. No formal ototoxicity monitoring programs or endorsed internal
policies between oncology and audiology departments were reported to be in place or under development. The existing
informal protocols mentioned in a few audiology departments lacked institutional support and clinical standardization.

In adult oncology, routine referrals for audiological evaluation — whether prior to, during, or after cessation of
treatment — were nearly absent. Referrals infrequently occurred only after patients reported symptoms, and in some
centers, were limited to subgroups such as head and neck cancer patients. Monitoring for other high-risk adult patients,
including those receiving cisplatin, remained an exception rather than the norm. Although these adult cancer centers did
not treat pediatric patients, it is worth noting that some institutions consider individuals as young as 14 years old as adults
in their oncology protocols.

Pediatric ototoxicity monitoring practices were generally somewhat better than those for adults. However, this was
not consistent across all centers, as several institutions either lacked on-site audiology services or did not refer all
pediatric patients for hearing evaluations. In centers where stronger practices existed, baseline and follow-up assessments
were more common, though inconsistent, during treatment cycles.

The level of ototoxicity monitoring services was clearly influenced by the presence of an established audiology
department within the same facility. However, even in institutions with such departments, comprehensive and consistent
monitoring was not guaranteed. Most prioritized a single baseline evaluation rather than full-cycle monitoring. As
audiologists do not have direct access to oncology patients, the implementation of consistent monitoring schedules relied
entirely on oncologists’ referral decisions. Post-treatment assessments were more common in pediatric than adult
settings. Follow-up appointments, when scheduled, did not extend beyond 12 months post-treatment. Missed follow-
up appointments were frequent, with no tracking systems in place to ensure continuity of care. Gaps in the routinely used
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protocols by audiologists were also identified. EHF audiometry, a critical component of early ototoxicity detection,*” was
rarely performed, even when equipment was available. The SRO method, a patient-specific high-frequency screening
strategy” "' recommended by ASHA (1994)*° and AAA (2009),” was not used at any center. Additionally, standar-
dized definitions for hearing shifts, documentation protocols, and predefined action plans were largely absent. The use of
validated grading scales was inconsistent, despite their importance for identifying intervention needs and long-term
outcome tracking.'

Current practices appear to focus on detecting clinically significant hearing loss only after it has progressed to the
lower frequencies that affect speech comprehension and daily communication. This approach leans more towards making
decisions about rehabilitation rather than prioritizing the proactive early detection necessary to prevent or minimize
auditory damage. Moreover, the absence of structured end-of-treatment evaluations and long-term follow-up for adults
and pediatric patients poses a significant risk of undetected hearing loss, particularly since platinum-related ototoxic
effects may continue to progress after therapy has concluded. For example, it was found that audiograms showed grade 2
ototoxicity in 11% of patients shortly after treatment, rising markedly to 44% in evaluations conducted more than two
years post-treatment.*?

Challenges and Barriers to Effective Ototoxicity Monitoring in Practice
Understanding the barriers within current practices is essential for identifying the next steps toward improving ototoxicity
monitoring and for developing feasible solutions. Several recurring challenges emerged from this study.

One major challenge is the limited availability of audiology services and the shortage of audiologists, particularly
outside major cities in Saudi. Many oncology departments lack access to dedicated audiology units or essential
equipment required for comprehensive ototoxicity monitoring. Even large institutions with established audiology
departments face constraints such as limited staffing, insufficient sound booths, lack of portable equipment, and high
clinical workloads, that hinder consistent monitoring for both adult and pediatric patients.

Weak interdisciplinary collaboration and the absence of structured referral and follow-up policies were also high-
lighted. Referral pathways are often unclear, and audiologists are unable to access patients without a formal referral.
Referral decisions largely depend on individual oncologists’ practices, resulting in inconsistencies within and across
institutions.

Another significant barrier is the lack of guidelines and standardized protocols. The absence of unified monitoring
protocols, validated grading systems, and documentation standards creates inconsistencies and uncertainty in clinical
practice. Many audiologists also reported limited familiarity with international recommendations, reflecting insufficient
coverage of ototoxicity in undergraduate training.

Patient-related factors, including compromised clinical status and logistical constraints, were also reported. The
clinical condition of some patients undergoing chemotherapy or radiotherapy, combined with the physical separation of
audiology and oncology services and the lack of portable testing equipment, often impede timely and comprehensive
assessments, especially for critically ill patients.

Facilitators, Recommendations, and Proposed Solutions

A primary aim of this study was to identify facilitators and propose recommendations to enhance the monitoring and
management of ototoxicity across cancer care centers in Saudi Arabia. Rather than evaluating adherence to international
guidelines, the study focused on understanding current practices and challenges. The recommendations and possible
solutions presented in this study reflect the author’s perspective, informed by professional experience in audiology in
Saudi Arabia, relevant international literature, reported challenges requiring solutions, and insights gained from oncol-
ogists’ perspectives.

e Strengthen audiology services nationwide: Establish new audiology departments in underserved regions and
expand staffing levels in existing units to ensure equitable access to care. Prioritize investment in essential
diagnostic equipment, including portable testing solutions, to facilitate timely ototoxicity monitoring. While the
focus of this paper is on improving ototoxicity monitoring practices for cancer patients, these measures will also
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strengthen nationwide audiology service coverage, support early detection and intervention, and address broader
audiological care needs of the Saudi population. Achieving these objectives will require strategic infrastructure
development, targeted workforce training, and sustainable resource allocation.

e Address workforce shortages: Audiology is a relatively new field in Saudi Arabia, with the first bachelor’s program
established at King Saud University in 1985. The program only began graduating cohorts annually from 1998 and
remained the sole source of audiologists until 2016, when a second program opened in Riyadh.*> Two more
programs were launched in Jeddah and Abha in 2021, with their first graduates in 2025.** No postgraduate M.Sc.
program currently exists in Saudi. However, the number of programs is expected to increase in the next few years,
so the longstanding shortage of audiologists, particularly outside the capital city, is expected to ease as more
graduates enter the workforce.

e Empower audiologists in counseling and awareness roles: Audiologists should actively engage in patient and
caregiver education, pre-treatment counseling, and oncology team training. Oncologists highlighted their role in
raising awareness about ototoxicity symptoms, impact, and rehabilitative solutions. None of the evaluated centers
provided written counseling; therefore, written handouts should be developed to complement verbal counseling.
Evidence shows that combining both formats improves patient knowledge, satisfaction, and standardization of
care.* Strengthening counseling practices and educating patients and caregivers could reduce missed follow-up
appointments and increase the likelihood of patients seeking help and adhering to prescribed interventions.''*®

e Promote self-referral and direct access models: Building on their counseling role, audiologists should encourage
patients and caregivers to seek audiological care independently of oncologist referrals, particularly when symptoms
arise. Counseling should also stress the importance of end-of-treatment evaluations and follow-up beyond one year.
Patients should have long-term access to local audiology services, including eligibility for no-cost annual hearing
screenings and hearing aid support where needed. These measures would promote earlier detection and timely
intervention.?’

e Expand digital and remote solutions: Although not yet widely implemented, tele-audiology and remote hearing
assessment tools hold strong future potential. With advancements in artificial intelligence, these solutions are
expected to expand access for patients in remote or underserved areas and should therefore be considered in future
planning.*’ Validated Arabic self-report questionnaires should also be developed and used routinely to quickly
assess patient needs and guide further testing.

e Establish a centralized tracking and data-sharing system: To improve continuity of care, a centralized tracking and
data-sharing system should be established to record, monitor, and share ototoxicity-related outcomes across
oncology and audiology teams. Such a system would facilitate coordinated management, enable earlier identifica-
tion of at-risk patients, and support the development of databases to inform research and policy planning.

e Review and enhance audiology curricula: Study findings revealed knowledge gaps among audiologists holding
only a bachelor’s degree without postgraduate training abroad. As most Saudi audiologists fall into this category,
undergraduate programs should be reviewed to ensure graduates are equipped with the knowledge on ototoxicity,
including the pharmacology of ototoxic medications, international best practices, and guideline-driven monitoring
protocols, counseling strategies and interdisciplinary collaboration.

e Develop clear and concise guidelines: Poor global uptake of audiological ototoxicity monitoring is partly due to the
absence of clear, practical, and time-efficient guidance.''*® To improve uptake, simplified national guidelines
should be developed, drawing on the pragmatic elements of the ASHA (1994) and AAA (2009) recommendations,
while ensuring they are adaptable to local resource availability and clinical workflows. Guidelines should remain
flexible for updates in line with international evidence, but must start with a practical, resource-sensitive framework
that delivers measurable improvements. Overly theoretical policies risk poor implementation, whereas realistic
approaches will support adoption, build momentum, and lay the foundation for future enhancements.

e Establish a national ototoxicity monitoring program: Insights from oncologists and audiologists underscore the
urgent need for a structured, standardized program to ensure consistent, coordinated, and equitable services across
all cancer care centers. A Ministry-led program — modeled on the successful rollout of the Universal Newborn
Hearing Screening program (UNHS) launched in 2016—** should be established, led by audiologists in partnership
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with oncologists and pharmacists. Aligning with Vision 2030 health transformation goals, this program would
integrate preventive audiology services into cancer care, ensuring early detection, coordinated management, and
improved survivor quality of life. An initiative toward this goal has already been set in motion by the author in
collaboration with senior clinical audiologists and oncologists from diverse healthcare sectors. While initially
focused on cancer care, the program could later expand to include patients receiving other ototoxic medications.

e Pilot institutional policies while scaling nationally: In the absence of immediate national implementation, institu-
tions with existing capacity should adopt internal monitoring protocols and tracking systems as a first step. Drawing
on the UNHS model, phased in from 2016 in major hospitals and expanded nationwide by 2018,*® a similar phased
approach would support systematic adoption, capacity building, and eventual national coverage. Strengthening
collaboration between oncology and audiology teams will be vital to ensure consistent, effective monitoring
practices.

Study Limitations

This study is limited by its cross-sectional and descriptive design, which restricts evaluation of the long-term sustainability of
monitoring and follow-up practices. The study timeframe, while sufficient for descriptive outcomes, naturally limits assess-
ment of evolving practices over time. Although the dataset covers approximately 82% of cancer care centers in Saudi Arabia,
the exclusion of a few centers may introduce minor potential for selection or response bias.

Conclusion

1. By documenting current practices and challenges, this study proposes recommendations to strengthen ototoxicity
monitoring and expand access to hearing rehabilitation services, while providing a foundation for evidence-based
policy and program development in Saudi Arabia.

2. Raising awareness among both patients and healthcare providers is essential to ensure early detection, timely
intervention, and long-term support.

3. Prioritizing the implementation of the recommended solutions to strengthen and standardize ototoxicity monitor-
ing practices is crucial to improving the quality of life of cancer patients and survivors and minimizing long-term
consequences.

4. While tailored to the local context, the core elements may be transferable to other countries with similar healthcare
systems where formal ototoxicity monitoring programs are absent. Future international efforts should prioritize the
updating of existing guidelines to address current weaknesses that hinder implementation.
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