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Evaluation of smell disorders after radiotherapy in
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ABSTRACT

BACKGROUND. Smell disorders may be classified in quantitative and qualitative. The literature shows that the main causes of odour
disorders, both qualitative and quantitative, are due to aging, viral infections and tumors of the upper respiratory tract, craniocerebral
trauma, neurodegenerative diseases of the nervous system, drug use or exposure to various toxic substances. Total laryngectomy and
oncologic treatment causes smell disorders.

OBJECTIVE. The aim of this study is to evaluate the aspects related to the patient’s smell disorders after total laryngectomy, during the
oncological treatment represented by radiotherapy.

MATERIAL AND METHODS. A prospective observational study was performed on a group of 52 patients, over a period of one year
(2016-2017), who benefited from total laryngectomy and who underwent oncological treatment, represented by radiotherapy. Patents
were evaluated before starting radiotherapy and during radiotherapy sessions. All patients underwent quantitative and qualitative smell
assessment.

RESULTS. At the end of week 7 of radiotherapy, none of the patients was considered normosmic, 10 patients were considered to be
suffering from hyposmia and 42 from anosmia. Statistically significant changes in the quantitative determination of odour occurred in
the fourth week, respectively at the radiation dose of 40Gy. Qualitative odour assessment in this study showed a statistically significant
decrease starting with the fifth week of radiotherapy, respectively with a radiation dose of 50Gy.

CONCLUSION. Radiation therapy has a major impact on the quality of life of patients with laryngeal cancer, which has the lowest
scores at the beginning and end of the treatment.
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INTRODUCTION

are due to aging, viral infections and tumors of the
upper respiratory tract, craniocerebral trauma,

Smell disorders may be classified in quantita-
tive and qualitative. Qualitative disorders are
represented by the difficulty in identifying an
odour (dysosmia), and may include parosmia. In
some forms of qualitative odour disorders, pa-
tients perceive all odours as unpleasant, symp-
tom known as cacosmia.

Quantitative disorders are hyposmia, reduction
in odour perception, and anosmia, defined as the
inability to perceive odours.

The literature shows that the main causes of
odour disorders, both qualitative and quantitative,

neurodegenerative diseases of the nervous system,
drug use or exposure to various toxic substances.
Laryngeal tumor pathology, lately with an in-
creased incidence, dramatically changes the pa-
tient’s quality of life, as a result of radical
surgeries, followed by oncological treatments.
The combination of surgical and oncological
therapy, radiotherapy and chemotherapy, involves
different therapeutic schemes, according to the
protocols in force. Radiation therapy, along with
chemotherapy, influences the body of the laryn-
gectomized patient due to the side effects it pro-
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Figure 1. Olfactory assessment method by using test tubes containing
different types of substances.

duces in the medium and long term. One of the
effects is the odour changes in patients with laryn-
geal tumors, beneficiaries of surgical and onco-
logical treatment.

Total laryngectomy causes smell disorders. The re-
lationship between impaired sensory function, age,
evaluated period and adjuvant treatment can be con-
sidered essential. Hyposmia is reported in the litera-
ture as the main odour change in patients undergoing
oncological treatments'.

After the total laryngectomy, there is a change in
airflow, due to the open tracheostomy. This compro-
mises the contact of the nasal cavity and nasal mu-
cosa with odorant molecules, which is reflected in
smell disorders??. The change in the perception of
smell in laryngectomized patients has as an explana-
tion both for the disturbance of nasal respiration and
the lack of mechanisms for its re-education.

Mucociliary clearance, an important nasal param-
eter, shows changes in laryngectomized patients with
associated pathology, such as diabetics and former
smokers. In the first phase after laryngectomy, there
is a secretory increase, including in the nasal mucosal
clearance, which can significantly influence the olfac-
tory function®.

Complete separation of the airway after laryngec-
tomy influences both the nasal cavity and the tra-
cheobronchial airway.

Many studies confirm an impaired olfactory func-
tion in laryngectomized patients as a result of sensory
damage caused by the interruption of nasal flow. How-
ever, a detailed highlighting of the involved structures
related to changes in the olfactory mucosa is difficult
to achieve®. Histological tests show frequent inflamma-
tion of the olfactory mucosa in patients without larynx.
Total laryngectomy causes complete loss of smell, with
a negative impact upon patient’s standard of living
and quality of life. In these patients, olfactory disor-
ders are sometimes ignored®’.

Nasal cytological analysis shows cellular metaplasia
in laryngectomized patients. This is explained by the
observation at the level of the inferior turbinate of a
submucosal fibrosis as well as the presence of inflam-
matory infiltrates. All these have effects on smell*®.

The aim of this study was to evaluate the aspects
related to the patient’s smell disorders after total lar-
yngectomy, during the oncological treatment repre-
sented by radiotherapy.

MATERIAL AND METHODS

A prospective observational study was performed
on a group of 52 patients, over a period of one year
(2016-2017), who benefited from total laryngec-
tomy and who underwent oncological treatment,
represented by radiotherapy. The patients in-
cluded in the study met the following criteria: total
laryngectomy, confirmation of the histopathologi-
cal diagnosis of laryngeal squamous cell carcinoma,
post-operative radiotherapy. The exclusion criteria
included: major cognitive impairment or a psychi-
atric or neurodegenerative disease, significant
functional deficit, so that patients could not com-
plete the evaluation questionnaire.

For the evaluation of the sense of smell, infor-
mation was collected, such as: smoking or alcohol
consumption, the type of surgery performed, onco-
logical treatment, the period in which the trache-
ostomy was performed (if the tracheostoma was
installed before or during surgery).

Patients were evaluated before starting radio-
therapy and during radiotherapy sessions. In order
to be able to study as accurately as possible and to
include as many participants as possible, the evalu-
ation was performed every week, for a period of
seven weeks. The odour assessment test was per-
formed once or twice a week at the beginning and
end of the week.

To qualitatively assess the sense of smell, four
specific odours were used: vanilla, coffee, acetic
acid and alcohol. These substances are well known
to all and could be easily recognized by an indi-
vidual with a normal sense of smell. Each test tube
contained 4 ml of substance (Figure 1).

The Alcohol Sniff Test (AST) was used for the
quantitative smell assessment. This test involves the
use of diskettes impregnated with 70% isopropyl
alcohol and one centimetre. The diskette is ini-
tially positioned 30 cm away from the nostrils. With
each inhale, the diskette is positioned closer and
closer to the patient’s nasal cavity. The distance at
which the patient smelled the substance is re-
corded. The procedure is repeated four times, with
a one-minute break between evaluations. Accord-
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Figure 2. Questionnaire to assess the quality of life in patients undergoing
radiotherapy - EORTC QLQ-C30 HN35 Romanian version.

ing to the established scale, a patient with a normal
sense of smell would be able to feel alcohol from
17 cm upwards, the one with hyposmia between 8
cm and 17 c¢m, while the inability to feel the sub-
stance at a distance of less than 8 cm includes the
patient in the category of anosmics. The quality of
life was assessed using a questionnaire of the Euro-
pean Organization for Research and Treatment of
Cancer — QLQ 30 (EORTC QLQ-C30) and the
module for head and neck HN35 (Romanian ver-
sion) (Figure 2). The data obtained from patients
was processed using the SPSS 24 program.

RESULTS AND DISCUSSIONS

Before starting radiotherapy, from the total
number of laryngectomized patients according to

Table 2. Correlation between AST test and radiation dose.

anosmia (Table 1).

Qualitative odour testing showed a 92.3% de-
crease in the sense of smell in vanilla compared to
the period preceding radiotherapy. The percep-
tion of acetic acid decreased by 77.7% in the sev-
enth week, while the identification of alcohol
decreased by 34.3% in the seventh week after
starting radiotherapy compared to the period pre-
ceding it. The perception of the smell of coffee
registered a decrease of 50% in patients between
the two evaluated periods. The study shows a sta-
tistically significant change (p<0.005) in the per-
ception of vanilla starting with the fifth week
when the radiation dose reaches 50Gy. For the
other types of substances evaluated, statistically
significant results are demonstrated only in the
seventh week of radiotherapy, when the radiation
dose reaches 70Gy (Table 2).

The quality of life registered the highest value
in the fifth week after starting the radiotherapy,
experiencing a gradual decrease towards the sev-
enth week.

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
AST p=0.1107 p=0.104 p=0.062 p=0.004 p=0.001 p=0.003 p=0.001
Radiation dose 10 Gy 20 Gy 30Gy 40 Gy 50 Gy 60 Gy 70 Gy
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Problems related to the sense of smell are often
neglected, given that the patient does not notice a
decrease in odour”™®!". The explanation given in
this sense is the lack of re-education of nasal physi-
ological respiration in patients with tracheal can-
nula. Radiation therapy has a detrimental effect on
the olfactory function, adversely affecting the func-
tion of olfactory receptors'?.

In the present study, statistically significant
changes in the quantitative determination of odour
occurred in the fourth week, respectively at the ra-
diation dose of 40Gy (Table 2). Similarly, other
studies have shown a decrease in the ability to
quantitatively assess odour at the end of the radia-
tion therapy'*'.

Recovery of the quantitative olfactory function
was reported six months after treatment, but with
a chaotic pattern, suggesting that olfactory cells
can regenerate, but they are not fully functional®®.
Quantitative olfactory disorders were observed 20
months after completion of radiotherapy with a
dose greater than 10Gy, as well as 5 years after
treatment. The onset of other symptoms associated
with treatment, such as rhinorrhea, may be a pos-
sible cause for the persistence of quantitative smell
disorders 12 months after the end of treatment!®.

Qualitative odour assessment in this study
showed a statistically significant decrease starting
with the fifth week of radiotherapy, respectively
with a radiation dose of 50Gy'". The result corre-
lates with other studies, which highlight the ap-
pearance of smell disorders at the end of radiation
therapy, especially in patients who received radia-
tion doses higher than 10Gy*'.

Qualitative assessment of odour in patients, 2
weeks after the end of radiotherapy, revealed olfac-
tory disorders especially in patients receiving doses
higher than 20Gy. In contrast, when evaluating
these patients at 12 months post-treatment, they
demonstrated normal values for the identification
of odorous substances*?'. The study led by Riva et
al. pointed out that, 5 years after radiotherapy,
there are no major changes in the qualitative iden-
tification of odour®. The explanation that can be
given in this regard is precisely the re-education of
nasal breathing in patients with tracheal cannula.

A study by Hahn et al. demonstrated that patients
who were treated for laryngeal cancer with radiation
therapy reported more frequently olfactory disor-
ders at 6 months post-treatment than those who
were treated without radiation therapy®. Surgery
also plays an important role in the occurrence of
olfactory dysfunctions, a study suggesting that pa-
tients who had partial or total laryngectomy experi-
enced more olfactory disorders 5 years after the end
of radiotherapy than those who had no surgery**%.

There are several hypotheses investigating the
role of radiation therapy in the occurrence of smell
disorders. One possibility is that radiotherapy, at
doses higher than 60Gy, slows down mitosis in basal
cells, respectively the turnover of olfactory neurons
is reduced®. Another cause of smell disorders may
be a decrease in volume of the olfactory bulb due to
radiation. A study in this regard showed that the vol-
ume of the olfactory bulb is significantly lower in
patients who received radiotherapy compared to
those who were not exposed to radiation?*. Another
hypothesis stated that smell disorders can be caused
by the destruction of Bowman’s glands by radiother-
apy and by the replacement of the olfactory mucosa
with the respiratory one*. Temporary demyelin-
ation of olfactory fibres or the destruction of en-
zymes in the olfactory mucosa are thought to lead to
olfactory disorders. Another cause may be the ap-
pearance of an edema in the mucosa, which blocks
the access of odorous substances®?".

Impairment of central or peripheral pathways
for the transmission of olfactory stimuli due to ra-
diotherapy has been demonstrated in previous
studies®. Patients who have been treated with ra-
diotherapy have a prolonged mucociliary clear-
ance that leads to an increase in the frequency of
upper respiratory tract infections and also to an

increase in smell disorders?.

CONCLUSIONS

During radiation therapy, the olfactory func-
tion is affected beginning with the fourth week of
radiation therapy and causes a substantial deterio-
ration of smell, which persists even after cessation
of treatment. The questionnaire EORTC QLQ-
C30 and the head and neck module HN35 have
proven to be effective and easy-to-administer tools
for assessing patients’ overall health status and
quality of life.

Radiation therapy has a major impact on the
quality of life of patients with laryngeal cancer,
which has the lowest scores at the beginning and
end of the treatment.

There is a need to develop new methods of reha-
bilitation of the nasal olfactory and respiratory
function, as well as the application and education
of patients in order to practice existing methods of
smell restoration.
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