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Abstract

Background: Radiotherapy (RT) is an important intervention for head and neck cancer
(HNC). Many studies have reported the effects of RT on patients' taste and smell sensations,
food intake, and decreased appetite. Therefore, understanding these changes is important for
managing side effects and improving patients' quality of life. The aim of this study was to
assess changes in olfactory and gustatory perception in patients who underwent RT at the Shafa
Center, 5 Azar Hospital, Gorgan, Iran, in 2024, using a questionnaire.

Methods: The olfactory and gustatory functions of the patients were assessed using a modified
taste and smell alterations questionnaire administered through patient interviews. The collected
data were analyzed using SPSS v.20 software. Patients underwent 20 to 35 radiotherapy
sessions, with a radiation dose range of 30 to 60 Gy. Patients receiving chemotherapy were
excluded.

Results: The results showed that 65% of patients experienced taste alterations, and 55%
reported smell alterations. The most common taste change was a metallic taste (45%), followed
by reduced sensitivity to sweet taste (35%).

Conclusion: This study demonstrates that smell and taste alterations are side effects of
radiotherapy in patients with HNC. It is also recommended that the olfactory and gustatory
side effects of each radiotherapy regimen be studied separately to provide clearer insights.
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Highlights

What is current knowledge?

It is known that radiotherapy can alter the perception of smell
and taste in patients who receive radiotherapy, and that it can
negatively affect nutrition and quality of life.

What is new here?

This study examined changes in smell and taste perception in
patients who underwent radiotherapy without chemotherapy. It
provides new region-specific data gathered from different
types of cancers.

Introduction

Head and neck cancer (HNC) remains one of the most common cancers
and a significant cause of mortality (1). Radiotherapy (RT) is essential
in the management of HNC, particularly in locally advanced cases. It
can be used either as an independent definitive therapy or in conjunction
with surgery, chemotherapy, or both. RT is a highly effective
intervention that improves survival rates and may lead to cure (2).
Radiation produces harmful free radicals within tissues, resulting in
apoptosis and cell death, thereby eliminating rapidly dividing cancerous
cells. However, radiation often affects malignant cells while also
damaging adjacent healthy tissue (3-5). RT-related adverse effects are
categorized according to their time of onset, ranging from immediate
effects to late effects that may appear years after RT. The most prevalent
acute effects arise from direct local irradiation-induced inflammatory
responses, including painful mucositis, dysphagia, xerostomia, taste
alterations, loss of appetite, and dermatitis. Late effects are primarily
due to fibrosis in tissues that were previously inflamed (3,5,6).

Because healthy tissues are located close to the tumor bed, multiple
side effects may frequently occur. These complications include dry
mouth (Xerostomia), inflammation of the oral and pharyngeal mucosa
(Mucositis), tissue fibrosis, osteoradionecrosis (Radiation-induced bone
damage), and changes in taste and smell sensations (7). Such
complications may be transient or persistent and can affect patients'
quality of life, adherence to treatment, and clinical outcomes (8-11).

As reported in previous studies, a common side effect of these
treatments is sensory impairment, which may involve deficits in smell
and/or taste (12-14). These effects can negatively affect patients' quality
of life and may contribute to malnutrition both during and after
treatment.

The incidence of head and neck cancer has been increasing;
nevertheless, advances in prevention, diagnosis, and treatment have
contributed to a decline in mortality rates worldwide. Therefore, long-
term outcomes and quality of life are becoming increasingly important
for this patient population (12,15,16).

Considering that this concern can significantly affect patients'
quality of life and may complicate or delay the treatment process, the
aim of this study was to assess changes in olfactory and gustatory
perception in patients undergoing RT at the Shafa Center, 5 Azar
Hospital, Gorgan, in 2024, using a questionnaire.

Methods

Participants

The study involved a sample of 25 patients who received RT at the Shafa
Center of 5 Azar Hospital in Gorgan, Iran (From March to January
2024). Patients were selected using a non-random (Convenience)
sampling method and were recruited consecutively based on their visits
to the hospital. This approach was adopted because of resource
constraints, such as the number of patients and the RT schedule. In this
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study, an effort was made to maintain a male-to-female ratio of 3 to 1,
consistent with epidemiological data on head and neck cancer (4).
Patients aged between 18 and 70 were included to represent a broad age
spectrum. The cancer types represented were oral cavity cancer (50%),
pharyngeal cancer (30%), and laryngeal cancer (20%), indicating their
relative prevalence in Iran (17).

Inclusion criteria

The inclusion criteria were defined as follows: a verified diagnosis of
head and neck cancer established by TNM staging and pathological
documents; an age range of 18 to 70 years to reduce the confounding
effects of natural aging on sensory function; provision of informed
consent by signing a consent form after a thorough and detailed
explanation of the study objectives; sufficient cognitive ability to
understand and respond to the questionnaires, as evaluated through
clinical examination; and preserved olfactory and gustatory functions
before the start of treatment.

Exclusion criteria

Exclusion criteria included the presence of sensory impairments before
the initiation of RT (Including nerve damage or olfactory conditions);
significant systemic illnesses (For instance, uncontrolled diabetes or
Parkinson’s disease) known to influence sensory function; incomplete
responses to questionnaires or withdrawal from the study; inability to
communicate effectively (Such as in patients with serious speech
disorders); and a previous history of chemotherapy. These criteria were
established to ensure sample homogeneity and reduce confounding
variables (7).

Experimental design
Scoring method

The data for this study were collected using questionnaires that assessed
changes in olfactory and gustatory perceptions (Chemosensory
Perception Questionnaire (CPQ)). The scoring method included 20
questions using a 5-point Likert scale, rated as follows: 0) no, 1) mild,
2) moderate, 3) severe, and 4) very severe. The questionnaire was
divided into two sections: 10 questions related to olfaction and 10
questions related to gustation. Examples of gustatory questions were
"Do you experience a metallic taste?" and "Has your ability to detect
sweet tastes decreased?" Examples of olfactory questions were "Has
your ability to detect the smell of food decreased?" and "Do you
experience atypical odors?"

Implementation method

The questionnaire was completed with the help of the researcher and
took approximately 15 to 20 minutes. Its reliability was evaluated using
Cronbach’s alpha, which yielded a value of 0.85, indicating good
internal consistency. The form was appropriate for individuals from
different educational and cultural backgrounds.

Statistical analysis

The collected data were entered into SPSS statistical software version
20. Subsequently, the data distribution was characterized using
descriptive statistics, including frequencies and percentages, as well as
means and standard deviations.

Results

The results of this study are presented in the following tables: Table 1
shows the distribution of patients by demographic characteristics; Table
2 presents the prevalence and severity of changes in smell and taste
sensations; and Table 3 displays the percentage of patients experiencing
each type of taste change by cancer site.

Regarding treatment-related complications, mild xerostomia (Dry
mouth) was the most prevalent (45%), while moderate and severe
xerostomia were reported in 20% and 5% of patients, respectively. For
mucositis, the majority of patients presented with Grade 1 (46.2%),
followed by Grade 3 (30.8%) and Grade 2 (15.1%) (Table 1).
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Among the 25 patients, taste alterations were more prevalent (65%)
than olfactory changes (55%). Regarding taste sensation, the severity
distribution was relatively balanced: moderate impairment was most
common (25%), while mild and severe impairment each accounted for
20%. The most frequently reported taste changes were metallic taste
(45%), followed by decreased sensitivity to sweet (35%), decreased
sensitivity to salty (25%), and dysgeusia (15%). Regarding olfactory
sensation, the prevalence was 55%, with severity distributed as follows:
mild (15%), moderate (20%), and severe (20%). The most common
olfactory changes included decreased recognition of food odors (40%),
hyposmia (30%), and parosmia (20%) (Table 2).

Table 1. Distribution of patients according to demographic characteristics
(N=25)

Gender Count (%) Age (Years)
Male 15 (60) Mean (SD): 55.2 (10.3) |Min-Max: 20-70
Female 10 (40) Mean (SD): 55.2 (10.3) |Min-Max: 20-70

Oral cavity cancer (50%)n=13

Pharynx (Nasopharynx, Hypopharynx, and Oropharynx)
(30%)n=38
Larynx (20%)n=28

Mild (45%)

Moderate (20%)
Severe (5%)

Grade 1 (46.2%)

Grade 2 (15.1%)

Grade 3 (30.8%)

Type of cancer

Xerostomia

Mucositis

Table 2. Prevalence and severity of changes in smell and taste sensation
(N=25)

Taste sensation changes: Prevalence (65%)

Mild 20% (N =5)
Severity Moderate 25% (N=17)
Severe 20% (N =5)

Metallic taste (45%)
Decreased sensitivity to sweet taste (35%)

The most common changes .
Decreased sensitivity to salty taste (25%)

Dysgeusia (15%)
Olfactory changes: Prevalence (55%)

Mild (15%) N =4

Moderate (20%) N =5
Severe (20%) N =5

Decreased recognition of food odors (40%)

Parosmia (20%)

Hyposmia (30%)

Severity

The most common changes

Table 3 indicates that a metallic taste was the most commonly
reported change across all cancer types, followed by decreased sweet
sensitivity. Patients with oral cavity cancer experienced the highest rates
of taste changes across nearly all categories, with metallic taste reported
in 60%, decreased sweet sensitivity in 45%, decreased salty sensitivity
in 35%, and dysgeusia in 20%. Pharynx cancer patients showed
moderate rates of taste alterations: metallic taste (45%), decreased sweet
sensitivity (35%), decreased salty sensitivity (25%), and dysgeusia
(15%). Patients with laryngeal cancer had lower prevalence rates
compared to those with oral cavity and pharyngeal cancer: metallic taste
(35%), decreased sweet sensitivity (25%), decreased salty sensitivity
(15%), and dysgeusia (10%). Finally, the salivary gland cancer group
consistently showed the lowest prevalence of all taste changes: metallic
taste (30%), decreased sweet sensitivity (20%), decreased salty
sensitivity (10%), and dysgeusia (5%).

Table 3. Percentage of patients experiencing each type of taste change by cancer site

Type of cancer Metallic taste (%) Decreased sweet sensitivity (%) |Decreased salty sensitivity (%) Dysgeusia (%)
Oral cavity 60 45 35 20
Pharynx 45 35 25 15
Larynx 35 25 15 10
Salivary glands 30 20 10 5
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Discussion

The purpose of this study was to investigate the effects of RT on taste
and smell perception in patients with HNC. This study was conducted
on 25 Iranian patients. The cancer types examined included oral cavity
cancer (50%), pharyngeal cancer (30%), and laryngeal cancer (20%).
The results of the present study demonstrate that changes in taste and
smell perception are side effects of RT in patients with HNC.
Specifically, 65% of patients experienced changes in taste sensation, and
55% experienced changes in smell sensation. The most common taste
change reported was a metallic taste, observed in 45% of patients. This
side effect may be due to oxidative stress caused by RT and changes in
saliva composition, which is consistent with findings from previous
studies (17,18). Regarding smell sensation, a decreased ability to detect
food odors (40%) was reported as the most frequent change, likely
related to damage to the olfactory epithelium caused by the received
radiation doses. Xerostomia was observed in 70% of patients and
mucositis in 65%, both of which were identified as key factors
exacerbating changes in taste and smell sensations. Xerostomia disrupts
taste recognition due to reduced saliva production, while mucositis
affects patients' sensory experience by causing inflammation in the
mucosa of the mouth and throat. Data analysis showed that patients with
oral cavity cancer experienced more taste changes. In contrast, patients
with nasopharyngeal cancer reported more smell changes. Regarding
demographic characteristics, older patients reported more sensory
changes, which may be associated with age-related changes in sensory
abilities or tissue sensitivity to radiation. Additionally, women reported
more smell changes than men, which may be due to physiological
differences or higher sensitivity to sensory changes. The findings of this
study require further investigation in the future to clarify the underlying
factors contributing to these differences. The obtained results may assist
physicians in selecting medications during RT and help prevent harm to
patients. They may also contribute to improving individuals' quality of
life. Furthermore, reduced olfactory sensation in these patients may
affect cognitive functions and various regions of the brain. All of these
factors can impact the lives of these individuals.

In an article by Uchida et al., the relationship between olfactory
dysfunction and cognitive ability, particularly attention, was
investigated in the elderly population. The study demonstrated that a
significant percentage of elderly participants exhibited olfactory
dysfunction, and there was a notable correlation between impaired
olfactory function and decreased cognitive performance. These findings
suggest that olfactory dysfunction may serve as an early sign of
cognitive decline in older adults (19). A systematic review and meta-
analysis published by Yahya et al. examined the relationship between
cognitive decline and structural and functional brain changes, as
assessed by MRI, in patients with head and neck cancer following RT.
The study found a significant correlation between cognitive
performance, measured by the Montreal Cognitive Assessment
(MoCA), and MRI changes in various brain regions, particularly the
temporal lobe, which exhibited dose-dependent alterations (20). In
addition, a study published by Alvarez-Camacho et al. examined
olfactory disorders following RT for HNC. The results indicated that
odor detection, identification, and discrimination are olfactory functions
impaired after RT (21). A study published by Veyseller et al. investigated
the impact of RT on olfactory bulb volume and olfactory function in
patients with nasopharyngeal cancer. The findings indicated that RT
leads to a reduction in olfactory bulb volume and a decline in olfactory
function (22).

Despite providing valuable data, the present study had several
limitations. First, the exclusion of patients who received concurrent
chemotherapy limited the ability to examine the combined effects of
these two treatment methods on taste and smell sensations. Second, the
lack of longitudinal data to assess the improvement or persistence of
sensory changes was another limitation. Third, although both subjective
and objective tools were used, the standardization of these tools in the
Iranian context may pose challenges, especially considering cultural
differences and dietary habits. One key finding of this study was the
significant association between severe sensory changes and reduced
quality of life in patients. Decreased enjoyment of food, nutritional
problems, and psychological impacts such as depression and social
isolation were among the consequences of these changes.
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Conclusion

The findings of this study confirm that changes in taste and smell are
among the most common and impactful side effects of RT in patients
with HNC. The prevalence of taste (65%) and smell alterations (55%),
along with their association with xerostomia, mucositis, and diminished
quality of life, highlights the need for strategies to manage these
complications in clinical practice. Comparisons with other studies show
relative consistency in the prevalence and types of sensory changes;
however, variations in results may be related to treatment protocols,
population characteristics, or the assessment tools used. The results of
this study can help address issues affecting these patients and guide the
selection of appropriate medications to prevent the resulting side effects.
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