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ABSTRACT

Objective: Radiotherapy (RT) is the standard treatment for nasopharyngeal cancer (NPC). Various advers effects may occur after RT. In this
study, we aimed to evaluate the advers effects of RT on the olfactory bulb and olfactory function in patients with NPC and describe the impact
of these effects on the patients’ quality of life.

Methods: We investigated 21 patients with NPC who received RT at least 12 months earlier, in addition to 21 age- and sex-matched healthy
controls. The participants underwent a detailed nasoendoscopic ear, nose, and throat examination. All participants received orthonasal olfac-
tion tests and a nasopharyngeal magnetic resonance imaging scan to measure olfactory bulb volume; in addition, they filled out a quality of life
questionnaire.

Results: There was a significant difference between the orthonasal olfactory test results of the patients and controls (p<0.05). The left and right
side olfactory bulb volume values of the patients and controls were statistically similar (p=0.07). There was a significant difference between the
quality of life questionnaire results of the patients and controls (p<0.05).

Conclusion: Olfactory dysfunction was present in the majority of patients with NPC who received RT.
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volume. Magnetic resonance imaging (MRI) is the gold stan-
dard in diagnostic methods to measure OB volume (3).

Introduction

Nasopharyngeal cancer (NPC) is a malignancy that occurs in

the lining of the nasopharynx. Many factors such as ethnic, ge- ~ Olfactory function is important for survival and quality of life.

netic, environmental factors, and Epstein-Barr virus infection
play a role in the etiology of the disease (1).

Radiotherapy (RT) is the standard treatment modality for all
types of NPC. Various complications commonly occur after RT
(2). Because the nose is within the area that receives RT, the
olfactory function is affected after RT in head and neck tu-
mors.

The olfactory bulb (OB) is located above the anterior cribriform
plate of the anterior cranial fossa. It forms the connection be-
tween peripheral olfactory receptors and cortical structures.

Therefore, OB plays an important role in the olfactory system.
Various imaging methods are used to measure changes in OB
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Failure to smell gas or burnt food in the kitchen can have se-
rious consequences. The sense of smell can also affect an in-
dividual's social abilities and relationships, and a decreased or
impaired sense of smell can prevent them from enjoying food
or smelling flowers.

In this study, we aimed to evaluate the advers effects of RT on
OB volume and olfactory function in patients with NPC and
describe the impact of these effects on the patients’ quality
of life.

Methods

This study was performed on patients who were referred to
the Otorhinolaryngology Head and Neck Surgery Department.
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We investigated 21 patients with NPC who had received RT
at least 12 months earlier and 21 age- and gender-matched
healthy controls.

The participants in the study were evaluated with nasoendo-
scopic examination. Those with congenital olfactory dysfunc-
tion, history of head trauma, history of nasal septum surgery,
chronic rhinosinusitis, allergic rhinitis, and any neurological or
psychiatric disease were excluded from the study.

All the participants received orthonasal olfaction tests and na-
sopharyngeal MRI scans to measure OB volume, and a quality
of life questionnaire was administered.

Approval was taken from innéni University local ethics com-
mittee of clinical studies according to the Declaration of Hel-
sinki on Biomedical Studies Involving Human Subjects (ref-
erence number: 2013/133). In addition, written consent was
received from each patient who participated in the study.

Orthonasal olfaction tests

The orthonasal odor test defined by the Connecticut Chemo-
sensory Clinical Research Center (CCCRC) was applied to both
the healthy control group and patients with NPC who received
RT. The CCCRC test consists of two parts; an odor identifica-
tion test and a butanol threshold test (4, 5).

Butanol threshold test

Orthonasal odor tests were administered individually to each
participant in a quiet, normal temperature room. Participants
were simultaneously given two separate, identical bottles con-
taining dilute concentrations of butanol and water for each tri-
al. They were asked to close one nostril and sniff both bottles,
respectively, and choose which bottle contained butanol. The
concentration of the bottle containing butanol was increased
when participants chose the wrong bottle. Scores for each
nostril were recorded after choosing the correct bottle 5 times
in arow. The total mean score of both nostrils was determined.
The highest concentration of butanol was determined as 4 %.
The other solutions were obtained with 1:3 dilutions from this
concentration. Possible scores on the test result ranged from
0 to 9, but all scores 7 and higher were marked as 7 per the
CCCRC test.

Odor identification test

Eight common and equal numbers of distractor odor were
used for this test. A list of common and distractor odors was
given to the participants. The list consisted of Vicks Vaporub®
(Procter & Gamble ve Helen of Troy Limited, Greensboro, NC,
USA), grape jam, rubber, burnt paper, coffee, chocolate, peanut
butter, mint, cinnamon, soap, mint balls, black pepper, ketchup,
baby powder, and sawdust. Participants were asked to choose

Main Points:

Olfactory dysfunction is present in many patients with NPC
who received radiotherapy.

We found that a significant difference between orthonasal
odor test results between the patients and controls.
Olfactory dysfunction negatively affects the quality of life of
patients who received radiotherapy.
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the right scents from this list. Evaluation of trigeminal nerve
function was determined as choosing the right Vicks Vaporub®
but was not included in the scoring. In scoring, it was possi-
ble to score up to 0-7 for each selection. Scoring was done
for both nostrils separately. According to the average value of
the points that the participants received, they were classified
as normosmic (6-7 points), mild hyposmic (5-5.75 points),
moderate hyposmic (4-4.75 points), severe hyposmic (2-3.75
points), and anosmic (0-1.75 points).

Magnetic resonance imaging

MRI was performed using a 1.5-T system (Magnetom Avanto;
Siemens, Erlangen, Germany) with a standard quadrature head
coil. The OB images, whose localization was determined with
the preparation images, were obtained using 3D T2-weighted
turbo spin-echo (TR/TE: 1200/263, section thickness: 0.6 mm,
matrix: 320, FOV: 200 x 100 mm, flip angle: 15°) sequence. Ac-
quired data sets were transferred to a Workstation (OsiriX MD
FDA-cleared). Each participant’s OB volume was measured via
MRI by an experienced radiologist blind to the diagnosis. The
radiologist measured the OB volume by manual segmentation
of the coronal sections separately through the OBs on both
sides. Cubic centimeter was used as the OB volume unit. The
boundaries of the OB were determined using cerebrospinal
fluid (CSF) and anterior cribriform plica. The beginning of the
olfactory tract was determined as the proximal boundaries of
the OB.

Quality of life questionnaire

To evaluate the patients’ quality of life, we administered a
questionnaire to the patients and the healthy control group.
This questionnaire was prepared in accordance with the qual-
ity of life assessment questionnaires (6-8). The questionnaire
consisted of 10 questions about ability to taste, social activity,
mood, anxiety, and sexual activity (Table 1). Each question had
5 answer options, with scores from 1 (never) to 5 (always), cor-
responding to "never,” "almost never,” “sometimes,” "almost
always,” and “always."”

"o " ou

Statistical analysis

Statistical analysis of data was performed using the Statisti-
cal Package for Social Sciences, version 13.0 software (SPSS
Inc.; Chicago, IL, USA). Quantitative variables (age, OB volume,
orthonasal odor tests, and quality of life questionnaire) were
expressed as the mean + standard deviation (SD), and the
qualitative variable (gender) was expressed as number and per-
centage. The Shapiro-Wilk normal test was used to determine
whether quantitative variables showed normal distribution.
The independent samples t test was used to compare the nor-
mally distributed quantitative variables between groups, and
the Mann-Whitney U test was used to compare the non-nor-
mally distributed quantitative variables between groups. The
qualitative variable was compared between the groups using
the Pearson chi-squared analysis. The level of statistical signif-
icance was accepted to be p<0.05.

Results

A total of 12 male and 9 female patients with a mean age of
55.42 +12.04 years received RT. The control group included 14
men and 7 women, whose mean age was 52.61 + 17.83 years.
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Table 1. Olfactory-related quality of life questionnaire

1) Do you have trouble smelling?

2) Do you need to smell an odor more than once to identify it?

)
3) Are you afraid of encountering dangerous situations because of your difficulty in smelling (moldy foods, bottled gas smell)?
)

4) Do negative changes in your sense of smell make you angry?

5) Does a decrease in your sense of smell cause emotional problems?

6) Do negative changes in your sense of smell affect your social participation (eg, party, meeting)?

7) Does the decrease in your sense of smell negatively affect your work life?

9) Does the decrease in your sense of smell negatively affect your sex life?

)
)
)
8) Has a decreased sense of smell decreased your taste in food and drink?
)
0

10) Does a decrease in your sense of smell cause forgetfulness?

Table 2. Olfactory test, OBVs, and quality of life questionnaire
results of the two study groups

Patient Control
(n=21) (n=21)
X +SD X +SD p

OBV (cm3) (right)
OBV (cm3) (left)

0.034 £0.014 0.043 +0.014 0.07
0.035+0.019 0.043+£0.014 0.07

Butanol threshold 5.00 + 2.00 6.85+0.35 0.001
test (right)

Butanol threshold 528 +1.95 6.90+0.30 0.001
test (left)

Odor identification 3.38 +2.08 6.71+£0.64 0.001
test (right)

Odor identification 3.52 +£1.96 6.76 £+ 0.53 0.001
test (left)

oTS 429+170 6.80+0.42 0.001
Quality of Life 17.61+870 11.90+396 0.008

Questionnaire

OBV: Olfactory bulb volume; OTS: Olfactory test score; SD: Standard deviation

There was a significant difference between the left and right
butanol threshold test results of both groups. For the patients,
the mean right side butanol threshold score was 5.00 + 2.00,
and the left side butanol threshold score was 5.28 + 1.95. For
the controls, the mean right side butanol threshold score was
6.85 + 0.35, and the left side butanol threshold score was 6.90 +
0.30. These findings indicate that butanol threshold test scores
were significantly lower in the patient group (p<0.05) (Table 2).

The evaluation of the patients’ odor identification test results
showed that the mean right side odor identification test was
3.38 + 2.08, and the mean left side odor identification test was
3.52 + 1.96. For the controls, the mean right side odor identifi-
cation test was 6.71 + 0.64, and the mean left side odor identi-
fication test was 6.76 + 0.53. The patients’ odor discrimination
rates were significantly reduced compared with those of the
control group (P <.05) (Table 2).

Table 1 shows the orthonasal olfactory test results. In the scale
for the butanol threshold and identification test, the patients’
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score was 4.29 + 1.70 points, and the control group score was
6.80 + 0.42 points. According to the CCCRC scoring system,
among the patients, 2 were anosmic, 6 severely hyposmic, 2
moderately hyposmic, 8 mildly hyposmic, and 3 were normal. In
the control group, 2 were mildly hyposmic and 19 were normal.

No statistically significant difference was found between the
patients’ and controls’ left- and right-side OB volume values
(p>0.05) (Table 2). For the patients, the mean right OB vol-
ume was 0.034 * 0.014, and the mean left OB volume was
0.035 + 0.019. For the control group, the mean right OB vol-
ume was 0.043 £ 0.014, and the mean left OB volume was
0.043 + 0.014 (Table 2).

Evaluation of the quality of life questionnaire results showed
that for the patients, the mean score was 17.61 + 8.70 and was
11.90 + 3.96 for the control group. Thus, the quality of life of
the patients was significantly more affected than the control
group (p<0.05) (Table 2).

Discussion

Currently, the standard treatment modality for nasopharyn-
geal carcinoma is RT. Various late advers effects may occur af-
ter RT as it affects important tissues in the body. These effects
include mucositis, xerostomia, taste disturbance, gustatory
dysfunction, weight loss, dental problems, soft tissue atrophy,
fibrosis, trismus, medulla spinalis injuries, hearing loss, optic
neuropathy, and cranial nerve palsy (9).

In the treatment of NPC, the olfactory region is exposed to RT,
and it has a greater effect on the OB and nasal mucosa (10).
Vascular insufficiency and mucosal damage that cause oral
mucositis and optic neuropathy after RT may be similar in the
olfactory region. However, few studies have been conducted
on this subject.

In this study, we aimed to evaluate the olfactory function of
patients with NPC after receiving RT, by measuring OB vol-
ume, applying quality of life questionnaire and subjective odor
tests, evaluating the objective and subjective tests together,
and describing the effects of olfactory dysfunction on the pa-
tient's quality of life. In our study, we did not find a statistically
significant difference between the patient and control groups
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in terms of OB volume. However, we found a significant dif-
ference between the two groups concerning the quality of life
questionnaire and orthonasal odor tests. This study shows that
most patients experienced a subjective loss of olfactory func-
tion and that this negatively affected their quality of life.

Studies of olfactory function and its effect on the patients’
quality of life after RT are limited in the literature. Ho et al. (11)
evaluated olfactory function in patients with NPC; before RT
and serially up to 12 months after RT. Although there was a sig-
nificant deterioration in the olfactory threshold scores of the
patients, there was no change in odor discrimination and iden-
tification. The authors noted that the change in odor was owing
to the fact that RT affected nerves in the olfactory region and
receptor cells. Holscher et al. (12) followed 44 patients who
received RT for one year. In this study, they examined the pa-
tients in two separate groups according to the radiation dose
to olfactory tissue. Although there was a significant deteriora-
tion in odor identification and odor discrimination in the group
exposed to higher radiation, there was no significant change
in olfactory thresholds. The authors noted that the changes in
olfactory function resulted from the effects of RT on the or-
bitofrontal cortex and the OB. Veyseller et al. (13) evaluated
the OB volume in patients who underwent total laryngectomy
and found that the OB volume was significantly reduced. They
reported that laryngectomy stopped airflow to the nose and
odor entry into the OB, resulting in a reduction in OB volume.
Wang et al. (14) examined olfactory function in patients with
Parkinson’s disease. They reported that olfactory function in
these patients correlated with a reduction in OB volume. Guru-
shekar et al'® evaluated olfactory function and quality of life in
patients with primary head and neck cancer receiving RT. The
patients’ mean olfactory scores and quality of life deteriorated
significantly at the end of RT than that in the pre-RT period.

Local RT causes various harmful effects on the olfactory mu-
cosa. Irradiation (>60 Gy) above certain doses causes the de-
velopment of mucositis. As a result, the perception of olfactory
stimuli is affected, and the olfactory function is impaired (15).
Itis not easy to evaluate the effects of RT on the olfactory mu-
cosa. Volumetric changes of this region can be evaluated with
MRI (16). Apart from these, other causes of RT causing olfac-
tory dysfunction have also been reported. One of them is the
demyelination of the nerves in the olfactory region because of
irradiation (17).

OB is indispensable in odor discrimination. However, some
studies have reported that the temporal or orbitofrontal cortex
is associated with higher olfactory functions (odor memory,
odor discrimination). The peripheral olfactory system's ability
to regenerate is owing to the ability of basal cells in the olfac-
tory epithelium to differentiate into progenitor cells that can
divide throughout life. On the basis of clinical data, the lifespan
of olfactory receptor cells in humans is estimated to vary be-
tween 2 and 6 months (12).

OB volume depends on the amount of external stimuli. As
the external stimuli decrease, the OB volume also decreases.
An increase in the number of stimuli causes neurogenesis in
this region. The result is an increase in olfactory perception
and OB volume.13 OB volume is related to the degree of ol-
factory function. MRl is a safe and ideal method to evaluate
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OB volume. It is an imaging method used to evaluate patients
with normal olfactory function, neurological disease affecting
olfaction, and patients with olfactory dysfunction after head
trauma (18).

One of the limitations of our study included the small sam-
ple size, which could affect the results. Therefore, studies with
larger numbers of patients are needed to generalize our results.

In conclusion, our study shows that olfactory dysfunction is
present in many patients with NPC who received RT and that
this negatively affects their quality of life. Therefore, these pa-
tients should be advised that their sense of smell may diminish
after RT. In addition, the impact of RT on the quality of life of
these patients should be minimized by healthcare providers.
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