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ABSTRACT

Article history:

There is contradicting literature on radiotherapy associated with olfactory dysfunction among head
and neck cancer (HNC) patients, especially concerning the recovery and its impact on the quality of
life. The aim of this study was to evaluate the olfactory function, mucociliary clearance and quality of
life (QoL) at several time points after the initiation of RT. An HNC RT-treated cohort study was tested
for the olfactory function using the Connecticut Chemosensory Clinical Research Center (CCCRC)
test, the nasal mucociliary clearance by the Saccharin Transit test (STT) and QoL through the
Appetite, Hunger and Sensory Perception (AHSP) questionnaire. Both the CCCRC score and
saccharin perception time show a significantly deteriorating trend at each time period (all p values
<0.05). Overall QoL scores at the mid- and end of RT were significantly reduced (p=0.019 and 0.003;
respectively). RT following HNC resulted in diminished olfactory and nasal functions. Although a
partial recovery may be seen, these dysfunctions persisted over 3 months after treatment and could
impact the quality of life.
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1. Introduction
Worldwide, head and neck cancer (HNC) is the sixth most common type
of cancer, with high incidence in Southeast Asian countries and
representing 1-4% of all cancers in North America and 4% in Europe[1,2].
Radiotherapy (RT) is a common treatment modality for patients with head
and neck malignancies as a potentially curable primary modality or as
adjuvant RT which has been used over the last two decades to improve
tumor control and survival among HNC patients; however, this treatment
approach significantly impacts quality of life for the patients‟ relative
treatment-related symptoms both in the acute stage and with a later onset
[3,4].
Reduced and/or altered taste and smell are amongst the common
symptoms reported by HNC patients who appear early and may continue
over the long term. Moreover, these factors may contribute to a significant
impact on quality of life [5]. While recent reviews have explored taste
alterations in HNC [6,7], only a few prospective studies have been done
on the effect of radiation on olfactory function [8].
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Olfactory dysfunction can appear secondary to tumor growth onto or near
the olfactory bulb, nerve or epithelium, or after surgery for tumors
affecting the olfactory epithelium [9] and RT can further impair smell
perception. Deterioration of olfaction following RT can be either due to
the neurosensory effect of the radiation to olfactory nerve fibers and
receptors at the cribriform plate or conductive effectwhen related to the
obstruction of airflow as a secondary effect on the nasal mucosa[10].
There is contradicting data as to the regeneration of the olfactory system
following RT. A gradual improvement is believed to occur due to the
regeneration of olfactory nerve fibers, anyway, in some patients, the
recovery is delayed and the olfactory deficit seems to persist [11-13].
So, the aim of our work was to evaluate the effects of radiation on
olfaction in patients with HNC treated with RT, also evaluating the nasal
mucociliary clearance function and the impact on the patients‟ quality of
life during the course of RT treatment.
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2. Material and Methods
This is a hospital-based, prospective, observational, bicenter, cohort study
involving two medical centers: The Radiotherapy Unit of the Belcolle
Hospital in Viterbo and the Ear Nose and Throat Unit of the University of
Catania. HNC patients treated by RT +/− surgery, with curative intent
were prospectively and consecutively recruited from the two centers.
Patients were included if over 18 years of age and diagnosed with a
malignancy of head and neck planned for conformal RT; RT treatment
field includes olfactory cleft region; normal baseline olfactory function;
no previous RT or surgery of the olfactory region. We excluded patients
with malignancy involving the olfactory cleft and/or anterior skull base
and those diagnosed with nasal cavity tumors. All patients in the study
were treated with intensity modulated RT.
After determining the exact site, dose and tumor volume to be irradiated,
200 cGy (2 Gy) of irradiation per day was given for 5 days a week in all
the cases over a period of 6 – 7 weeks in 33 to 35 fractions. Total dose
ranged from 60 – 70 Gy (mean total dose – 65.75 Gy). The mean olfactory
region dose volume varied from 0.00 – 2.36 cm3 (mean – 1.47 cm3).
The study design was approved by the local ethics committee of both
hospitals. All patients gave written consent. Investigations were
performed according to the Declaration of Helsinki on Biomedical Studies
Involving Human Subjects.
Olfactory function was evaluated using the Connecticut Chemosensory
Clinical Research Center (CCCRC) test consisting of n-butanol odor
threshold test and odor identification test and it was performed elsewhere
according to a procedure previously described [14].
Olfactory tests were administered to both the right and left sides of the
nose separately, then they were scored on a scale of 0 (worst) to 7 (best
olfaction) and a mean score was calculated as the total CCCRC test score.
Test scores were categorized as previously defined [14] and the patients
were evaluated as anosmic, severely hyposmic, moderately hyposmic,
mildly hyposmic or normosmic.
Nasal mucociliary clearance was assessed with the saccharin transit test
(STT) by using a technique previously described [15]. A normal value for
a healthy adult is <12 minutes [16].
Quality of life assessment was done using the Appetite, Hunger and
Sensory Perception (AHSP) questionnaire which is a validated, 29-item,
multi-domain appetite assessment tool that is scored with a 5-point (A to
E) Likert-type scale with verbally labeled categories. Items on the AHSP
are grouped into 3 domains: taste (14 items), smell (6 items), and hunger
(9 items). The score for each domain is the sum of scores on the
individual items, with lower scores indicating deterioration. The total
AHSP score is the sum of scores in the 3 domains. Possible scores range
from 29 (worst) to 145 (best) [17].
All patients were evaluated at four time-points: pre-treatment, mid-RT,
immediate post-RT and at 3 months after RT.
Descriptive and inferential statistics were used for analysis. Continuous
variables were presented as mean ± SD, while categorical variables were
expressed as frequencies and percentages. Pre-post
testing was performed using paired samples of a t-test. All statistical tests
were performed using a commercially available statistical software
package, SPSS 17.0 forWindows (SPSS, Inc, Chicago, IL), and P values
of less than 0.05 were regarded as statistically significant.
PASS 2008 (NCSS LLC lnc, Utah) was used to compute the minimum
sample size of the study.
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Parameters used for the computation of the mean differences in total
CCCRC olfactory scores were obtained from previously published
literature [18].
To detect a mean difference of 1.2, the minimal, clinically important
difference in total CCCRC olfactory scores, with at least 80% power at
the 5% significance level, based on a pooled standard equal to 0.4, a total
of 14 subjects, the minimum sample size, were required for this study.
The sample size was increased to 20 to account for 25% potential
dropouts and those lost after follow-ups.

3. Results
A total of 20 patients who fulfilled the inclusion and exclusion criteria, as
per the study protocol, were recruited in the study. Three patients were
lost after a follow-up as one patient had disease progression at follow-up
and dropped out and two other patients were unwilling to continue in the
study. Thus, the remaining 17 patients were included in the final analysis
in the present study. The patient characteristics are shown in Table 1.

Table 1. Demographic, disease and treatment characteristics of the
patients included in the study (n=17)

EUROMEDITERRANEAN BIOMEDICAL JOURNAL 2019,14 (20) 085-089

The mean age at the start of the study was 49.4 years (range, 20-83 years).
The gender most represented was male (82.4%). The majority of the
patients (88.2%) did not have any comorbidities. One patient was diabetic
and another was hypertensive on regular medication. 70.6% of all patients
had malignancies involving nasopharynx, followed by oropharynx
(17.6%), oral cavity (5.9%) and sinonasal region (5.9%). Considering the
different primary sites, treatment modality of these patients varied from
surgery followed by adjuvant RT in 9 patients (52.9%) and RT alone in 8
patients (47.1%). The study group showed a wide range of histological
variants with poorly differentiated carcinoma being the most common
(52.9%).
The mean total CCCRC score achieved before treatment yielded a score
of 6.09±2.50 for the right nasal side and 6.16±2.26 for the left.
Subsequently, in regard to the radiation treatment, the score shows a
deteriorating trend both for the right and left sides as the radiation
exposure increases over time. The decrease in the total CCCRC score was
significant at each time period, including the 3-month follow-up as
compared to the baseline (all p values <0.05) as shown in Table 2.
Detailed n-butanol odor threshold and odor identification scores are also
presented in Table 2.
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Table 3. Evaluation of CCCRC olfactory test scores, patient
distribution (percentage). Normosmic: 6.00–7.00, mildly hyposmic:
5.00–5.75, moderately hyposmic: 4.00–4.75, severely hyposmic: 2.00–
3.75, anosmic: 0–1.75.
Although there were only a few AHSP domains significantly affected by
treatment (appetite and hunger domains), when the total QoL scores were
compared before and after therapy, there appeared to be a significant fall
in the overall total QoL score post-therapy, both at mid RT (84.81±13.32;
p=0.019) and at the end of RT (83.82±9.36; p=0.003). No significant
differences were observed for overall QoL at the 3-month point post RT
compared to pre-RT scores (p=0.125) (Table 4).

Table 2. Olfactory threshold, odor identification and composite scores
of right and left nasal sides at each time period in the study.
According to the CCCRC scores at the end of RT, 1 (5.9%) patient was
classified as normal, 1 (5.9%) as mildly hyposmic, 5 (29.4%) as
moderately hyposmic, 7 (41.2%) as severely hyposmic and 3 (17.6%) as
anosmic. The distribution of severity of olfactory dysfunction based on
olfactory scores at 3 months post RT saw instead, 3 (17.6%) patients
classified as normal, 5 (29.4%) as mildly hyposmic, 3 (17.6%) as
moderately hyposmic, 4 (23.5%) as severely hyposmic and 2 (11.8%) as
anosmic (Table 3).
The study cohort showed a significant increase in STT at each time period
when compared to the baseline. Patients developed prolonged mucociliary
clearance time at mid-RT (19.85 ± 3.11; p=0.011) and at the end of RT
(26.15 ± 2.68; p=0.003). At the 3-month post-RT follow up, there was a
slight improvement in STT, however, patients continued to have a
significantly prolonged mucociliary clearance time compared to the
baseline (21.56±2.15; p=0.010).

Table 4. STT and AHSP questionnaire domain scores at each time
period in the study.

4. Discussion
RT is an important nonsurgical component of HNC treatment and
although olfactory fibers and olfactory receptors lie within the field of
irradiation, the impairment of olfactory function has rarely been reported
[19]. Notably, when such patients complain of decreased olfactory
function during the radiation treatment course, there seems to be a low
level of interest in the disorder even though it may be life-threatening[20].
In order to look at this aspect, the aim of this study was to evaluate
changes in nasal and olfactory function in patients with head and neck
malignancies who have received radiation to the head and neck.
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Olfactory function, nasal mucociliary clearance, and quality of life
assessment were evaluated at four time-points: pre-treatment, mid-RT,
immediate post-RT and at 3 months after RT.
This study shows a gradual and significant decline in both olfactory
threshold and odor identification in our patients following 2 weeks of RT
(mid-RT period) which progressed until the end of RT. When olfactory
function was assessed at the 3-month point follow-up, there was a
recovery of olfaction to a normal level in a very few while olfactory loss
still persisted in others. In a similar study, Ophir et al followed 12 patients
with nasopharyngeal carcinoma or pituitary adenoma for up to 6 months
after RT. The olfactory function significantly decreased during the course
of treatment and varying degrees of recovery was noted in most patients
3–6 months after treatment [21]. This is in agreement with our study
where a significant reduction was noted at mid-RT assessment and even
though there was an improvement in olfaction at the 3-month point post
RT evaluation, it continued to be significantly reduced compared to the
pre-RT baseline. In another study, Ho et al measured olfactory threshold,
odor identification, and odor discrimination in 48 patients. They used the
„Sniffin–Sticks‟ test within the first 6 months after treatment for
nasopharyngeal carcinoma. Contrary to our findings, a mostly negative
result was found in this prospective study. Only 12 months after RT there
was a significant deterioration in olfactory thresholds. However, olfactory
discrimination and identification did not show any significant change
[11]. Several hypotheses were proposed about the role of RT on olfactory
dysfunction. These included a reduced turnover of olfactory neurons due
to halted mitosis in the basal cell layer [18],damage to the Bowman‟s
glands in the olfactory mucosa [12,22],damage to the olfactory bulb
[18],temporary demylinization of olfactory fibres [12]and development of
mucosal edema that blocks access to odorants [23]. Overall, findings from
these studies are controversial and there is no consensus as to which
mechanism is predominant.
Many patients undergoing radiation therapy for HNC complain of a mild
increase in subjective nasal symptoms such as nasal congestion, facial
pain and foul smell during treatment. This was attributed to the prolonged
mucociliary clearance time and inadequate drainage of secretions [24].
Damage to the respiratory mucosa and the cilia due to direct effects of
irradiation have been reported in several studies following physiological
changes such as vacuolation of the ciliary cells, goblet cell secretions,
nuclear pyknosis, decreased ciliary cells and sloughing [25].
In the present study, nasal mucociliary clearance was assessed by
performing the STT following the method described in previous studies
[15,26]. The difference between the post-irradiation saccharin perception
time and the pre-irradiation saccharin perception time was found to be
statistically significant at all of the study's time points including at the 3month point follow-up. Our findings confirm previous observations
[24,27] that showed significantly prolonged saccharin perception time in
HNC patients after RT when compared to their pre-irradiation values.
Several studies have investigated the effect of RT on taste and smell
alterations and how these have a negative impact on the quality of life in
HNC patients [28,29]. HNC-RT treated patients usually experience
decreased food intake that could be due to decreased appetite induced by
nausea and altered taste or smell, oral ulcers and oropharyngeal mucositis,
hyposalivation, and xerostomia and decreased interest in food associated
with feelings of depression that consequently lead to low quality of life in
these patients [29]. We used the AHSP questionnaire to assess QoL and
present status of the patients‟ appetite, smell, frequency of meals and
alterations in taste.
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We observed that the total overall QoL score at the end of RT was
significantly reduced as compared to the total score prior to RT. However,
individual components such as appetite and hunger were also significantly
reduced even though olfaction did not show a significant reduction. Our
findings confirm Baharvand and colleagues‟ observations of a significant
deterioration in QoL associated with clinically evaluated RT-induced taste
loss [30].
There are some limitations to the study. Factors such as nasogastric tubes
and nasal packing were confounding. Hence, prolonged effects of
mucociliary clearance time could not be effectively assessed.
Furthermore, the few numbers of studies in this area of interest along with
different tests used in the literature did not help comparison of data.

5. Conclusions
Olfactory threshold and identification, as well as mucociliary clearance,
are functions impaired after RT for HNC. Although a partial recovery at
the 3-month point follow-up was seen, these dysfunctions persisted even
after 3 months following radiation therapy. The patients did not notice
olfactory dysfunction subjectively so we highlight the importance of
screening all HNC patients treated with RT to verify the occurrence of
taste and smell alterations. Moreover, our findings suggest that the
impairment of the quality of life can be attributed as an indirect impact of
olfactory loss. All of these alterations should be considered when
selecting a therapy for HNCs. Future studies should adopt more useful
and validated tools to capture alterations that cannot be measured by
conventional instruments to help healthcare professionals identify the
nature and severity of the taste and smell alterations and choose the best
strategy for reducing their impact on QoL.
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