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Simple Summary: Rhinosinusitis and smell alterations are common side effects during and after
radiotherapy and chemotherapy for head and neck cancer. The assessment of sinonasal complaints is
important to increase patients’ quality of life. The aim of this review is to summarize and analyze our
current knowledge of the sinonasal side effects of chemotherapy and/or radiation therapy for head
and neck cancer, with a specific focus on mucosal and olfactory disorders.

Abstract: Radiotherapy and chemotherapy represent important treatment modalities for head and
neck cancer. Rhinosinusitis and smell alterations are common side effects in the sinonasal region.
This review will summarize and analyze our current knowledge of the sinonasal side effects of
chemotherapy and/or radiation therapy for head and neck cancer (HNC), with a specific focus on
mucosal and olfactory disorders. A review of the English literature was performed using several
databases (PubMed, Embase, Cochrane, Scopus). Fifty-six articles were included in qualitative
synthesis: 28 assessed mucosal disorders (rhinitis or rhinosinusitis), 26 evaluated olfactory alterations,
and 2 articles addressed both topics. The incidence and severity of olfactory dysfunction and chronic
rhinosinusitis were highest at the end of radiotherapy and at three months after treatment and
decreased gradually over time. Smell acuity deterioration and chronic rhinosinusitis seemed to be
related to radiation dose on olfactory area and nasal cavities, but different degrees of recovery were
observed. In conclusion, it is important to establish the severity of chronic rhinosinusitis and olfactory
dysfunction in order to find strategies to support patients and improve their quality of life.

Keywords: head and neck cancer; radiotherapy; rhinitis; rhinosinusitis; chemotherapy; smell; olfactory
disorders; mucociliary clearance

1. Introduction

Head and neck cancer (HNC) is the sixth most common type of cancer worldwide and
consists of a heterogeneous group of malignancies that may determine important morbidity
to affected patients [1,2]. Smoking and alcohol consumption represent the major risk
factors for the development of squamous cell carcinoma (SCC) in the head and neck district.
Human papillomavirus (HPV) infection plays a role as an etiologic factor of oropharyngeal
SCC, especially in tonsils and the tongue base [3].

HNC treatment includes surgery, radiotherapy (RT), and chemotherapy (CT), which
are employed according to the tumor stage and primary site involved [4]. The management
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of early-stage cancer is usually a single modality, either surgery or radiotherapy. On the con-
trary, the locally advanced tumor has a multimodal treatment: either surgery followed by
adjuvant radiotherapy or chemo-radiotherapy (CT-RT), or definitive CT-RT. For recurrent
and metastatic diseases that are not susceptible to surgical approaches, chemotherapy or im-
munotherapy is suggested. Finally, in the last decade, electrochemotherapy (ECT) emerged
as a curative or palliative treatment for selected cases of recurrent oral and oropharyngeal
cancer [5,6].

Surgery remains the main treatment modality for most of HNC. However, radiother-
apy provides an important contribution to HNC management. The radiation dose usually
ranges from 60 to 70 Gy, mainly depending on adjuvant or definitive initial intent [4]. The
risk of long-term toxicity from RT is dose-dependent with organ-specific susceptibility.
Indeed, organs at risk (OARs) protection should be adequately planned before starting
RT. The introduction of intensity-modulated radiotherapy (IMRT) allowed us to reduce
side effects, providing better balance between target coverage and the sparing of adjacent
organs (OARs) [7]. In particular, IMRT guaranteed fewer xerostomia and dysphagia [8].

Platinum-based compounds represent the standard radiosensitizer regimen in the
treatment of HNC. Chemotherapeutic drugs such as cisplatin, 5-fluorouracil, and docetaxel
may be administered as inductive chemotherapy in the selected case of locally advanced
HNC or in recurrent/metastatic tumors [4]. Reducing RT and CT side effects is important
to avoid treatment breaks that may negatively impact clinical outcomes [9]. For exam-
ple, platinum-based compound ototoxicity should be taken into consideration during
treatments [4].

Smell and taste alterations are common side effects in patients undergoing CT and/or
RT for HNC [10,11]. Olfactory and gustatory dysfunction negatively affects appetite driving
to an inadequate food intake, and consequent weight loss. Finally, smell and taste changes
may cause a deterioration in quality of life [12].

Radiation therapy determines the damages of irradiated mucosa. This can some-
times lead to severe complaints during and immediately after RT for HNC. Moreover,
concomitant CT can induce more toxicity at a cumulative dose, due to a cytotoxic effect on
rapidly growing non-cancer cells, such as mucosal cells [13]. In the sinonasal district, CT-RT
determines the destruction of mucosal cilia of epithelial cells, leading to the impairment of
mucociliary clearance, which increases the risk of developing chronic rhinosinusitis [14].
Moreover, an inflammatory infiltrate can be observed at nasal cytology [15].

This literature review will summarize and analyze our current knowledge of the
sinonasal side effects of chemotherapy and/or radiation therapy for HNC, with a specific
focus on mucosal and smell disorders.

2. Materials and Methods

A review of the English literature was performed using several databases (PubMed,
Embase, Cochrane, Scopus, accessed on 31 December 2021) in order to identify articles
published before 31 December 2021.

A primary search was performed using the terms “(head and neck cancer) AND (chemother-
apy OR radiotherapy OR radiation therapy) AND (nasal OR sinus OR rhinitis OR rhinosinusitis
OR smell OR olfactory)”. Search strategies were adapted for each database.

The inclusion criteria were clinical trials, cohort studies, case-control studies, and case
series, regarding olfactory dysfunction and chronic rhinosinusitis as side effects of CT and/or
RT in HNC patients. Exclusion criteria were as follows: non-human studies, non-English
literature, mucosal and olfactory disorders not related to CT and/or RT for HNC.

The abstracts of all suitable articles were examined using the inclusion criteria for
applicability. The references of the selected publications were reviewed, in order to identify
further reports that were not found by database searching. Two independent reviewers
(GR, EC), working separately extracted the data from all the eligible studies, which were
subsequently cross-checked. All retrieved full-texts articles were included in the review
by a consensus of all the authors. The review included prospective, cross-sectional, and
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retrospective studies. No studies concerning the sinonasal side effects of target therapy
(cetuximab) and immunotherapy were found.

3. Results
3.1. Literature Review

A total of 5346 published papers were identified using database searches (Figure 1).
After abstract screening for eligibility, 71 articles were considered eligible. Among these, we
included 56 articles in qualitative synthesis after a full-text assessment. The other 15 papers
were excluded because they were systematic reviews (4), they were not in English (4), they
did not include HNC patients (4), or because mucosal and/or olfactory disorders were not
related to CT and/or RT for HNC (3).
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Figure 1. Flow diagram of the included studies.

The included studies were published between 1975 and 2021 and conducted in several
countries worldwide. Among the 56 selected studies, 28 assessed mucosal disorders
(rhinitis or rhinosinusitis), 26 evaluated olfactory alterations, and 2 articles addressed both
topics [15,16]. Table 1 highlights the main results concerning sinonasal mucosa disorders,
while Table 2 reports publications on olfactory dysfunction.
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Table 1. Sinonasal mucosa disorders: studies included in the review.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
Before RT
Study group Nasal vestibule or ) (subjective
) Study group: M: 6 (77%) Study group ala ‘(n =7), nasal RT (63.8-74.8 Gy) - MCC (saccharine ~ symptoms) and - Reduced mucociliary clearance after RT
15;;1;1 gLeIrSzeAt [311-75] Cross-sectional g(:ngtrol F: 3 (33%) g(i)i?ti;?l)rou : ;E:\:i)tyé:r_ 2)2, Dose to nasal cavities: —t eSs:l):fective nasal i?t_eillszomhs i Higher prevalencg of r}asal congestion,
, o Control group: group: sopharyn NR ) . drainage and facial pain after RT
group: n=9 NR NR (n=1) symptoms (saccharine test
(stage NR) and subjective
symptoms)
- Increased deposition of dense
Study group: collagenous fibers in the lamina
n= 10.(a11 N ) propria after RT
with sinusitis)  Study group Study group RT (70-80 Gy) Biopsy of - The epithelial cells transformed into a
Lou etal., 1999, Cross-sectional Cgff’ln P 11;/.['37(%2 /‘)’) 45 (28-70) Nasopharynx f/[”se fo d”“”i cavites: mfu“dlb(‘f.m;? 4 59(08-23) years stratified arrangement and showed
Taiwan [18] group: 1 = . o . Control group: (stage NR) viean £ose to mucosa {ight an after RT gradual reduction of cytoplasmic
(3_pat1gnts_ ) Control group: NR infundibulum 21 Gy elgctron ) volume after RT
with sinusitis NR (17.5-25 Gy) microscope views) - Areas of ciliary loss, intercellular and
ar}d 3 intracellular vacuolation, and ciliary
without) dysmorphism after RT
Group I (n =23):
Saccharine test - Increased saccharine delay time up to
and nasal 6 months after RT, then it stabilized
endoscopy before - Correlation between pre- and post-RT
- MCC (saccharine  RT and at MCC delay time
test) 2-6 weeks, 3 and - Early edema and discharge (2-6 weeks
. o RT (doses NR) - Nasal endoscopy 6 months, 1 and after RT) and delayed crusting and

Kamel et al., 2004, Retrospective n=232 M 19 (52 ) 36 (7-65) Nasopharynx Dose to nasal cavities: - Computed 2 years after RT; adhesions (6 months after RT)

Egypt [19] F:13 (39%) (stage NR) NR Tomography scan ~ Computed - Maxillary sinus, anterior ethmoid sinus
(Lund-Mackay Tomography scan and ostiomeatal complex were the most
score) 6-12 months after affected regions

RT - No correlation between RT dose and
Group II (1 = 9): MCC delay time, endoscopic findings
4-12 years after and Lund-Mckay score
RT
Stud Laryﬁx (n=19), gll: (IgT:( 14) (llztl'im Gy) - Higher saccharin perception time after
udy grou oropharynx -RT (cisplatin,

c Study group: M: Sg (g70%$ Study group (n =p15),};ral 5—ﬂu0rour§cil, . _ EIT c}?mpareﬁi t(? control %r oug ;

upta et al., 2006, Prospective n=>50 F: 15 (30%) 54.7 (35-78) cavity (1 = 10) methotrexate) (1 = 33) MCC (saccharine Before RT and igher saccharin perception time in

India [20] P Control Control OUD: Control group: h oy harvnx ’ Surgery + RT (1 = 3) test) 6 months after RT patients receiving RT dOS? >60 GY_

group: 1 =20 NR group: NR (n}’]zj 61:)’ Y Dosg toymzsal cavit_ies‘ - Higher saccharin perception time in

(stage I-IV)

NR

patients receiving CT concurrent to RT
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Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatment M rement Time of Result
Country Design Patients € Standard Stage) eatments easurements Assessment esults
Deviation (Years)
85% of culture were positive in acute
maxillary sinusitis
RT (70-76 Gy): Frequently identified aerobes and
-RT alone (1 = 2) - Cultures facultative anaerobes included
Hsin et al., . _ M: 12 (60%) Nasopharynx - CT-RT (cisplatin, (maxillary sinus 4.9 (0.5-21) years alpha-hemolytic streptococcus (n = 8),
2007, Taiwan [21] ~ Cross-sectional =20 F: 8 (40%) 47.5 (22-69) (stage NR) 5-fuorouracil, 1 = 18) specimens) after RT Staphylococcus aureus (n = 5) and
N ol caottess - Radiographs Streptococes presmonias, Haemophius
influenzae and Moraxella catarrhalis were
far less common
Highest incidence and severity of SMD
(sinus mucosa disease) at 3 months
RT (64-76 Gy): after RT (67.7% of cases) and decreased
- external RT alone gradually with time
(=79 Before RT, and at Most frequently affected sinuses were
- L 2007 M- 77 (69°% Nasooh -beXtima}l\l RT + b MRI scan ; montﬂs, ) maxillary, anterior ethmoid, and
T. uang e;; » 2007, Retrospective n=112 F- 35 §612/ ) 47.9 (18.9-76.2) asopI e}l{;lnx ra_c?’:);t erapy boost (Lund-Mackay 3 mont Z' years, posterior ethmoid sinuses
aiwan [22] :35 (31%) (stage I-1V) (n=33) score) years, & years, Advanced tumor stage and smoking
Concurrent CT and 5 years after habit were SMD predisposing factors
(cisplatin-based, 1 = 59) RT (age, sex, RT dose, and nodal status
Dose to nasal cavities: were not)
NR No factors could predict SMD
improvement after RT
Choanal stenosis in 5 patients and
MCC hari nasal synechiae in 6 cases after RT
Study group: Study group M: . (saccharine Before and 1 year Decreased number of submucosal
- o, Study group RT G test) fter FESS land openings and ciliary area after
Hu et al., 2008 . n=21 13 (62%) 495 (43-58) Nasopharynx (70-80Gy) -Mucosal after g and opening Y
Tai [’23] ’ Prospective F: 8 (28%) Control . (stage NR) Dose to nasal cavities: . duri 2.1 (1.2-4.0) years RT i
awan [0 Control Control group: Ontrol group: stage NR ;%%Cslm?ns urng between RT and Regenerated cilia 1 year after FESS
group: =10  NR iSS (electron FESS No change in the number of goblet cells
microscope views) Decreased saccharin transit time after
RT
Nasal endoscopy Before, d d
L - % at mid-course, and Lower endoscopic and questionnaire
Non irrigation 47.7 (17-81) IMRT (56-76.8 Gy): (Lur}d endoscopic at the end of RT, 1, scores in the irrigation from pre-RT to
Non group Non irrigation - RT alone (n =7) staging system) 2,3,6,and 6 months after RT
Liang et al., . irrigation M: 49 (780 o) roup: Nasopharynx - CTRT (n = 43) - Computed 12 months after RT The between-group differences were
2008 Taiwan [24 Cross-sectional group: 1 = 63 F:14 (1.2 %) 2913 + 1.81 tave [TV - induction CT +RT Tomography scan Computed most obvious at 2 and 3 months after RT
008, [24] I I 3 8 (stage ) —57 Lund-Mack (Compute
rrigation ITigation group 1 io o kion eroup: (n =57) . (Lund-Mackay mograph No differences in Lund-Mackay scores
n=44  M: 35 (79% gation group Dose to nasal cavities: tomography Y
group: n = : 35 (79%) 4561 + 1.68 ose to nasal cavities: score) before RT and 3, between the two groups from pre-RT to

F: 9 (21%)

NR

- Questionnaire on
nasal symptoms

6 and 12 months
after RT)

6 months after RT
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
73% of cultures after RT were positive
Isolated Gram-positive coccus rate in
post-RT CRS patients was higher than
6 Post-RT CRS Post.RT CRS RT (66-74 Gy) in CRS patients (62.50% vs. 30.00%)
g =6 RT CRS l%/iong 80°% ost- . Adjuvant CT in Cult Isolated Gram-negative bacilli rate in
Deng et al., 2009, Cross-sectional ;)S: n=30  F-6 (2(()0/ ) ) %0711 52'3_70) Nasopharynx 11 patients (5-fluorouracil (r:axlilflisr i 2.92 (0.5-8.5) years post-RT CRS patients was lower than in
China [25] 0ss-sectio group: 11 = . ; o : / (stage NR) and cisplatin) arary smus after RT CRS patients (31.25% vs. 70.00%)
CRS group: CRS group: CRS group: Dose to nasal cavities: specimens) The most common isolates in the
. 0, N
n=30 M: 23 (77%) 33.8 (21-59) NR post-RT CRS group were Streptocuccus
F:7(23%) viridans, Staphylococcus aureus and
Haemophilus influenzae, while those in
the CRS group
2D-RT, 3D-CRT or IMRT
(69.91 £ 3.87 Gy): - Computed
Lee et al,, 2012, R . — 188 M: 132 (70%) 49.49 (17-78 Nasopharynx y RFE %%ne Tomography scan  7.34 (3.30-26.54) CRS in 21.8% of patients
Taiwan [26] etrospective n= F: 56 (30%) .49 (17-78) (stage I-IV) (Véi RT) ~ MRI scan years after RT Choanal stenosis in 14.4% of cases
- CTRT (n = 88) - Nasal end
Dose to nasal cavities: asalendoscopy
NR
Nasal synechiae after RT were between
the inferior turbinate and septum
(100%), between the middle turbinate
- Nasal endoscopy and septum (70%), between the inferior
i . ] o N RT (68-72 Gy) - Compute}c\l R b turbinate and nasal floor (50%), and
iang et al., 2013, Retrospective n =40 M: 22 (55%) 46 (23-65) Nasopharynx Dose to nasal cavities: Tomography/MRI 3.4 (0-9) months between the middle turbinate and
China [27] F: 18 (45%) (stage NR) NR scan after RT inferior turbinate (42.5%)
- Subjective nasal Patent nasal cavities in 95% of patients
symptoms (VAS) after surgery
Decreased post-operative VAS for nasal
symptoms
Many patients with CRS before RT
suffered aggravated symptoms after RT
75.3% of patients without CRS before
IMRT (70.4-74.8 Gy): RT developed CRS after RT
- RT alone (1 = 29) Maxillary siruisei1 were the most
. o - Induction CT + CT-RT - Computed Beforeand 1, 3, 6, common Involve
21}119 t aE;]OM’ Retrospective n =283 %/[6%;1(524(12/6 o) 48 (11-77) Nta sopﬁ:ji{//nx (cisplatin and Tomography scan 9,12, and Ad\'/anced T stagg, i_nvaﬁon of the nasal
mna ’ ) (stage ) fluorouracil, n = 254) - MRI scan 18 months after RT cavity, and nasal irrigation (but not CT

Dose to nasal cavities:
NR

or RT dose) were positively associated
with the incidence of sinusitis after RT
The incidence of sinusitis peaked at
6-9 months after RT and showed a
trend toward stabilization after 1 year
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatment M rement Time of Result
Country Design Patients € Standard Stage) eatments easurements Assessment esults
Deviation (Years)
NPC group: RT (70 Gy) Higher MCC ti hs af
. o NPC group: 36 igher times 3 months after RT
M. 32 (4% %o) (18— 6?%) Nasopharynx ToFal larynce'_comy and ) in both groups, in particular in NPC
Kilig et al., 2014, C ional _ F: 12 (55%) 1 (n =22), larynx adjuvant RT in laryngeal MCC (saccharine Before and 3 and atients
Turkey [29] Toss-sectiona n=44 Laryngeal Laryngeal cancer (n=22) cancer grou test) 6 months after RT P ;
urkey yng i group: IV b g lp . MCC times decrease between 3 and
lc\zn;;r( %(;8‘1’}}; 56 (44-72) (stage II-1V) Nt;{se to nasal cavities: 6 months after RT
: (g
n=1134
Group A
(nasal
‘n“_l%a;gr): M: 826 (73%)
Groun B F: 308 (27%) RT (66-70 Gy):
(hroup d Group A: 48 (12-84) - 3D-CRT (n = 316) Incidence of CRS was 42'6%C 56.3%,
na(;rariema e M: 268 (71%) Group A: _IMRT (1 = 818) Before. and 8‘6,1%, 75.8%. and 69.7% at dlfferept
nasat | F: 110 (29%) 43 (13-82) CT in 972 patients ’ time evaluations and was higher in
Lou et al., 2014, C ional irrigation G B: G B: Nasopharynx isplati d - MRI scan 6 months, roup C after RT
China [30] ross-sectiona connector roup roup (stage I-1V) (cisplatinand - SNOT-20 1,2 and 3 years goup ; ; ;
bined M: 273 (72%) 51 (12-81) fluorouracil regimen or trer RT Lower quality of life (SNOT-20) in
‘C;i?; me F: 105 (28%) Group C: paclitaxel regimen) atter group C compared to other groups
enemator): Group C: 49 (13-84) Dose to nasal cavities: after 1 year
’ M: 285 (75%) NR
n =378 F: 93 (25%)
Group C : °
(nasal
sprayer):
n=2378
CRS in 18% of patients, choanal
ZD)_IIT\}; 1/{ %]?_CRszgn =40 stenosis in 15%, nasal synechiae in 7%
or n= £
Alon et al,, 2014 M: 42 (68%) Nasoph R stone = 19 Nasal end 7(3-16) ft CRSdiagross s made 1210
onetal., , . _ : o ~ asopharynx -RT alone (n = - Nasal endoscopy —16) years after 72 months after RT
Israel [31] Retrospective n=62 F: 20 (32%) 42 (11-74) (stage I-1V) - CT-RT (cisplatin and - SNOT-16 RT No significant influence of RT delivery
5-fluorouracil, n = 44) method for any type of complication
Dose to nasal cavities: Choanal stenosis negatively affect
NR quality of life (SNOT-16)
CRS in 16.7% of patients 5 years after
IMRT (68-81 Gy): FT L Mack 5
) : N - RT alone (n =9) MRI scan ncrease of Lund-Mackay score 5 years
Hsin et al., 2015, Retrospective =102 M: 74 (73%) 435 (19-74) Nasopharynx - CT-RT (n = 93) (Lund-Mackay Before and 5 years after RT

Taiwan [32]

F: 28 (27%)

(stage I-TV)

Dose to nasal cavities:
NR

score)

after RT

No significant association between the
occurrence of middle ear toxicity and
the Lund-Mackay score
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
- Higher percentage of rhinorrhea, nasal
obstruction, mucosal hyperemia, and
2D-RT (n = 5), 3D-CRT presence of nasopharyngeal secretions
(1 = 5), IMRT (n = 20) in the study group
Study group R("l:" dose: 69}3é;tRlT'l7 Gy - Higher percentage of neutrophilic
Study group: M: 24 (80%) Study group -(cisori;lig-e;ase d-n =4 - Subjective nasal inﬂammation' and squamous or mucous
Riva et al., 2015, Cross-sectional n=230 F: 6 (20%) 53.53 (37-75) Nasopharynx A Col:;l current CT,— RT + symptoms 59 (21-124) cell metaplésm the sfudy group
Italy [33] Control Control group Control group (stage I-1V) adjuvant CT (1 = 4) - Nasal endoscopy months after RT - No cytologl'cal atypia .
group: n =30 M: 20 (67%) 52.35 (42-76) 5 r]1 duction CT + - Nasal cytology - No correlation between cytologma!
F: 10 (33%) changes and symptoms, endoscopic
concurrent CT-RT (1 = 22) findings, age, smoking, tumor stage
Dose to nasal cavities: - No significant difference between
NR different radiation techniques and
radiation dose
- Higher total and ethmoid
IMRT (70-76.8 Gy): C 4 Lund-Mackay score after RT
-RT alone (n =2) - Compute - The decrease in UPSIT scores was
- Concurrent CT-RT Tomography scan moderately negatively correlated with
Wan . o, - (Lund-Mackay the increase in total and ethmoid
getal, P " -4 M: 31 (76%) 45 (29_77 Nasopharynx n=2) Before and
2015, Taiwan [16] rospective n= F: 10 (24%) ( ) (stage I-IV) - induction CT + RT score) 12 months after RT Lund-Mckay scores
- - OL (UPSIT) - The change in SNOT-22 t
(n=37) “SNOT22 he change in scores was no
Dose to nasal cavities: significant, but the scores for item “loss
NR of smell or taste” significantly
increased after
- The rate and severity of sinus
abnormalities were highest on the third
month after RT
- There was no significant increase in the
incidence of abnormalities on the fifth
IMRT (68-81 Gy): ){wiar after RT C(ﬁmprzd todpre—trﬁatment
; . o - RT alone (1 = 10) MRI scan Before and - e anterior ethmoid and maxillary
?:&a‘i ?%112016' Retrospective n=94 %4;2%},/? 42.7 (20-74) gf:og’?j{,y)nx - CT-RT (n = 84) (Lund-Mackay 3 months, 1, 3, and sinuses were the most affected sinuses
: : ° & Dose to nasal cavities: score) 5 years after RT - Nosignificant increase in the score for

NR

sinuses with preexisting abnormality
on the third month after RT

- Advanced T stage (but not RT dose)
was positively associated with the
incidence of sinus abnormality on the
fifth year after RT
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
- Subjective nasal )
Intranasal Intranasal RT: symptoms (VAS) - Fewer nasal complaints (overall
steroid group steroid group Intranasal steroid - In.tranasal steroid eroun: Nasal endoscopy symptoms, blocked nose and_
(fluticasone M: 13 (41%) group: 757 4 208G group: (Lund endoscopic headache), bettelj qt}allty of .hfe and less
Feng et al., 2016, Prospective propionate): F: 19 (59%) 38.86 +9.26 Nasopharynx ) Nasal in:i atiZn rouD: staging system) Before, and 3 and severe endoscopic findings in steroid
China [35] p n=232 Nasal irrigation Nasal irrigation (stage I-1V) 66.28 -+ 3 9g1 G group: - Computed 6 months after RT group at 3 anq 6 months after RT
Nasal group Toup: Do.se to na.sul Cﬂ}Zl)itiCS' Tomography scan - No difference in Lund-Mackay score
irrigation M: 14 (45%) 39.36 +£7.28 NR ’ (Lund-Mackay !Jetween pre- and post-RT evaluations
group: n =31 F: 17 (55%) score) in both groups
- SNOT-20
- Mucous cell metaplasia in 20% of
Total laryngectomy: laryngectomized patients
Stud - without adjuvant RT - Subjective nasal - Submucosal stromal fibr0§is inall
y gr((),up (n=15) symptoms patients and submucosal inflammatory
) Study group:  M: 22 (88%) Study group: - with adjuvant RT (1 =8) - Nasal endoscopy infiltrate in 1 case (9%) at histological
Riva et al., 2017, Cross-sectional n=25 F: 3 (12%) 68.76 (50-83) Larynx - with adiuvant CT-RT - Nasal cvtol 52 (26-97) months examination
Ttaly [36] Control Control grou Control group: (stage II-1V) J . yiolosy after treatment _ ; ;
y group sroup 8 (n=2) - Biopsy of inferior No correlation between cytological
group: n=25  M: 19 (76%) 62.64 (48-76) (RT doses NR) turbmate (light changes and symptoms, endoscopic
F: 6 (24%) Dose to nasal cavities: microscope views) findings (turbinate hypertrophy,
NR mucosal hyperemia, nasal secretions),
age, smoking, tumor stage, adjuvant RT
- Increased squamous metaplasia and
CRSr: 1 cavi d - Computed subepithelial edema in CRSr compared
n=114 M: 6 (41%) CRSr: I\Iaarsa;::a\{lgnir;es Tomography scan to CRSSNI.) . . .
CRSr: F: 9 (59%) y p - (Lund-Mackay - Fewer eosinophils per high-power field,
n=15 CRSsNP: 58.1 (range NR) (n=12), RT (30.75-129 Gy) score) less basement membrane thickening,
Elslka[rét] al., 2017, Retrospective CRSsNP: M: 21 (49%) 55251:51{5)03 &asio%h:?;rﬁ( base Dose to nasal cavities: - Biopsy of z'fzsri;'z years and fewer eosinophil aggregates in
. n=43 F: 22 (51%) CRSg NP: 509 (n B 1)’ 1 cavi NR sinonasal mucosa CRSr compared to CRSWNP
CRSwNP: CRSWNP: W NR ’ - 1 , oral cavity during FESS (light - Higher Lund-Mackay score in CRSr
n=>56 M: 25 (45%) (range ) (n=1) microscope views) compared to CRSsNP

F: 31 (55%)

(stage I-IV)

- SNOT-22

- No SNOT-22 differences between CRSr
and the other groups before FESS
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
CRS 17.2% of patients (16.3% in non-RT
group and 17.5% in RT group)
Maxillary sinus was most commonly
involved (56.9%)
M: 162 (807%) Nasopharynx RT group (60-70.4 Gy): Higher bilateral CRS in non-RT group
=186 Rrgonp, 040789 oraleavity (1=31), -3D-CRT (12 34 -Clinical o7 vs 60%0) ‘
Park et al., 2018 RT group: M: %24 (5&%) RT group: orophar ix (n= ' Concurrent CT (cisplatin examination Every 3 months No t'reatment difference (medical vs.
South Ko;ea [14,] Retrospective n =143 F: .19 (13%) 29.09 £ 11.64 46), h Z harynx and 5-fluorouracil) in - Computed for 3 years after surgical) between the two groups
Non-RT Non—RT roup: Non-RT group: (n ol 2}3’ lgr n)}:ﬂ 104 patients Tomography/MRI ~ RT Ag& TNM stage, and L}nderlyl_ng
group:n=43 O (88%/) p: 64.70 + 8.28 =62 ,1ary’ D pt | cavities: scan disease were not associated with the
: B8% n=62) ose to nasal cavities: need for sinus surgery
F: 5 (12%) (stage I-1V) NR Although RT itself was not associated
with sinus surgery, concurrent CT was
significantly associated with need for
surgery
9 out 93 patients who underwent RT
had surgery for sinonasal
R.ZTD(61§"E7((7)1 652): :FCompute};i Bef d complications (6 with CRS, 4 with
hemesh et al. . M: A Nasopharynx - - = omography scan etore an choanal stenosis, 2 with skull base
3058, (I?ssragl [38,] Prospective n=9 B 45(4(1?5?’/0/) ) 44.2 (15-74) s tasgofl—l\;l) -IMRT (n=5) (Lund-Mackay 6 months after osteoradionecrosis)
Dose to nasal cavities: score) surgery Post-operative reduction of
NR - SNOT-16 Lund-Mackay score and improvement
of quality of life (SNOT-16)
Nasopharynx
(n = 48), r;lasal RT (40-70 Gy):
cavity anst -3D-CRT (n = 152)
F:ﬁag)as; ;12;5;3;; - IMRT (n = 10) Nasal fine in 16% of patient
. . o e . - brachytherapy (n = 11) . . . asal crusting in 167 of patients,
ot tol e oot WSO s G GEONERULDamer et o
! . : ° 4 b CT (platinum-based) in =Y in 8% of cases
(n =11), salivary 17 patients
glands (1 = 36), D p | cavities:
thyroid (1 = 30), ose to nasal cavities:
yroi NR
other (n = 3)
(stage I-1V)
Sinonasal swab Staphylococcus aureus was the most
RT (14.4-184.8 Gy): specimens c011'nmon o;ganism identified lf)yl 1bothd
o . -RT alone (n =8 routine culture culture and gene sequencing, followe
Stoddard et al., Retrospective n=22 M: 14 (67%) 68.8 (50-88) Nasal cavity, _CTRT (n(: 13) ) a(ind 81.2 (1-156) weeks by Pseudomonas aeruginosa

2019, USA [40]

F: 8 (43%)

paranasal sinuses

Dose to sinonasal cavities:
NR

next-generation
molecular gene
pyrosequencing)

after RT

Gene sequencing identified pathogens
differing from culture results in 50% of
patients examined
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
Nasal symptoms and endoscopic
Surgery (1 = 8) findings peaked at the end of RT (T2)
Concurrent CT-RT (54-70 (rhinorrea in 70% of cases, crusting
Gy) (n=5) in 40%)
Induction CT + Nasal cytology showed that a
concurrent CT-RT (n = 1) - Nasal endoscopy radiation-'induced rhin?tis with )
Nasopharynx Dose to o nasal cavities: - Nasal cytology neutroph{ls an;:l sometimes bacter}a
P ! - Mean dose (Dmean) to - NOSE scale and Before (T0), at occurred in 70% of cases and pers15tgd
oral ca/vit (n=3) nasal cavities subjective nasal mid—course/ (T after 1 mopth. lo\/lucous ‘cell metaplasm
Riva et al parotid gl}; nd ’ 13.59 + 17.74 Gy symptoms and at the end (/T2) appeared in 10% of patients during RT
2019, Ttaly [15] Prospective n=10 M: 10 (100%) 56.90 (39-72) (n=3) - Near maximum dose - Mean dose ofRT. 1 and and disappeared after 3 months.
, ltaly A Known (D2%) to nasal cavities (Dmean) and near 3m I’lﬂ’l fter RT Squamous cell metaplasia was
pr1in1a 1y unkne 26.73 + 31.80 Gy maximum dose T3 o i _T,Z ¢ observed in 10% of cases only after the
(n=1) - Mean dose (Dmean) to (D2%) to nasal (T3 and T4) end of RT
(stage I-1V) inferior turbinate cavities and Not significant increase of NOSE total
18.90 =+ 24.08 Gy inferior turbinates score at T2
- Near maximum dose Significant correlation between Dmean
(D2%) to inferior and D2% to inferior turbinates and
turbinate 26.46 + 31.43Gy neutrophilic rhinitis at T2, between
D2% to inferior turbinates and mucous
cell metaplasia at T2
Incidence of sinusitis was 54.3% before
IMRT (54.45-70 Gy): RT and 47% after RT
) E}lﬂ" é;{lﬁ(;r;g(n 1= 38) d The presence of post-RT was a
o - L A-kl{asplatin an Computed Before and more significant predictor for Disease-Free
Hgang e/t a L, 2019, Retrospective n =230 M 177 (Z7 7o) 48.5 (18-80) Nasopharynx 5-ﬂu0ro_urac11, n=23) Tomopgraphy/ MRI  than 6 months Survival, Freedom from local failure,
Taiwan [41] F: 53 (23%) (stage I-1V) - Induction CT + scan after RT and Freedom from distant failure, in
RT/CT-RT (n = 16,9) addition to having high negative
Dose to nasal cavities: predictive value for local relapse
NR (97.5%)
M: 625 (89%) Of the 701 patients, 7% experienced
F:76 (11%) Oral cavity - RT alone (1 = 50) CRS within 5 after treatment
RT alone: (n =479), _RT + anv others The RT-alone group, any-RT group,
M: 41 (82%) nasopharynx treat {, (n = 295) and no-RT group had 5-year incidence
Lu et al.. 2020 F: 9 (18%) (n=97), rfla ‘é‘;“ nggg Clinical More than of CRS of 12%, 9.3%, and 4.5%,
ueta o1 Retrospective n=701 Any-RT: NR (>20) hypopharynx -NoRT (n = 359) mical 3 months after respectively
Taiwan [42] M: 262 (89%) (1 = 59), CT in 340 patients examination treatment Patients in the RT-alone and any-RT
F: 33 (11%) oropharynx (RT doses NR) groups exhibited an increased risk of

No RT:
M: 322 (90%)
F: 37 (10%)

(n = 43), larynx
(n=32)

Dose to nasal cavities:
NR

CRS compared with patients in the
no-RT group (hazard ratio: 6.76 and
2.91, respectively)
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Table 1. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor (Site and Treatments Measurements Time of Results
Country Design Patients Standard Stage) Assessment
Deviation (Years)
- The threshold doses of IMRT ranged
between 37 and 40 Gy
- Alow dose (< threshold dose) of IMRT
was associated with higher mucocilia
transport rate, better endoscopy test
IMRT (RT dose NR) - MCC (saccharine score, and improved SNOT-20 score
) . CT (cisplatin and test) Before RT, and at - The patients who received IMRT at a
\C{lhnireé ?}1’3]2 020, Cross-sectional n=66 %4:2%)6(;32//;) 38.76 (25-45) gf: op?_ z}gnx i—ﬂuorouracﬂ) m - Nasal endoscopy the end of RT, and dose less than the threshold had the
3 : o ge ) 3 patients . - MRI scan 3,6,and least damaged nasal mucosa
Dose to nasal cavities: _SNOT-20 12 months after RT morphology, and functional

36.46 (23.14-56.38) Gy

impairment scores were highest
3 months after RT

- Significant relationship between the
turbinate thickness ratio and the
radiation dose

Abbreviations: 2D-RT, Two-dimensional Radiotherapy; 3D-CRT, Three-Dimensional Conformal Radiotherapy; CRS, Chronic Rhinosinusitis; CRSr, radiation-induced Chronic

Rhinosinusitis; CRSsNP, Chronic Rhinosinusitis without Nasal Polyps, CRSwNP, Chronic Rhinosinusitis with Nasal Polyps; CT, Chemotherapy; CT-RT, Chemoradiotherapy; F, Female;
FESS, Functional Endoscopic Sinus Surgery; Gy, Gray; IMRT, Intensity Modulated Radiation Therapy; M, Male; MCC, Mucociliary Clearance; MRI, Magnetic Resonance Imaging; NOSE,
Nasal Obstruction Symptom Evaluation; NPC, Nasopharyngeal carcinoma; NR, Not reported; OI, Odor identification; RT, Radiotherapy; SNOT, Sino-Nasal Outcome Test; UPSIT,
University of Pennsylvania Smell Identification Test; VAS, Visual Analog Scale.
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Table 2. Olfactory dysfunction: studies included in the review.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor Treatment M ment Time of Result
Country Design Patients ¢ Standard (Site and Stage) catments easurements Assessment esults
Deviation (Years)
ZND-Ié¥ (66 Gy) - ODT increased for both compounds by
o
; Nasopharynx (1 = 9), . . the end of treatment
Ophir et al., ) ) M: 9 (75%) g pituitary gland Do_se to olfactory area: ODT (amyl acetate Before RT, within a Worst olfactory ability: first week and
1988, Israel Prospective n=12 gy o 54.8 (38-76) - 25-28 Gy week after RT end, 1,
44 F: 3 (25%) (n=7) I 1 and eugenol) d he l 1 month after RT end
[44] (stage NR) (nasopharyngea 3 and 6 months later At 6 months after RT termination, ODT
ca.rcn-'loma), 18-22 Gy baseline levels were not yet recovered
(pituitary adenoma)
- 15 patients (60%) reported an alteration
Study group: Nasppharynx, 2D-RT (doses NR) of smell from the first treatment
Sagar etal,, ) n=25 pituitary fo'ssa, No CT Self-reported smell . fraction diminishing toward RT end
1991, UK [45] Retrospective Control NR NR maxillary sinus Dose to olfactory area: (ad h(?c ) During RT and ceasing after RT
group: 1 = 40 (n =25) 50-75 Gy (study group) questionnaire) - Odor described as unpleasant and
(stage NK) consistent with ozone
ODT (N-butyl
alcohol), Odour
(S;u:di’g%‘oup Group 1 Quality
~erou '1 M: 16 (67%) Discrimination test
group . L o Group 1 (5 odorants), Odour . .
(awaiting RT):  F: 8 (33%) 409 (27-59) Recognition Memor Before RT (1 = 24 NPC patients with RT had olfactory
Hua et al., n=24 Group 2 Gl:ou 2 Nasopharynx 2D-RT (68-72 Gy) Test % dour-Visual y NPC. erou 1_) after impairments including ODT, odour-tactile
1999, Prospective - group 2 M: 23 (92%) 452 (12)8— 60) (Tl—TII;) y CT: NR M t, hing test RT (n, % 25 pNPé cross-modality matching, verbal
China [46] (after RT): F:2(8%) C ¥ trol Dose to olfactory area: NR O; < —Tg teT ¢ E) ’ identification of odours, recall and
n=25 Control group ontro. group our-lactre group recognition of identity of odours
; . 43.6 (28-67) Matching test, OI
Control M: 26 (72%) (10 odorants), Odour
group: F:10 (28%) Function test,
n=36 (edibility, function
and identity)
Ho et al RT (1 = 43) NR) ESO]'?fT, psléaﬁd) OD Before RT. end of RT Deterioration of ODT and TDI score at
oetal. n= oses niffin” Sticks efore end o
’ . M: 23 (48%) Nasopharynx S : ’ 12 months
200_2, Prospective n=48 F- 25 (50% 46 (22-71) Sta EI—I\}] CT-RT (n = 15) - Sub]ect}ve 3, 6 and 12 months - No changes in OD, Ol and self-reported
China [47 (52%) (stage I-1V) Dose to ol ‘NR  h VASscale  after RT
ina [47] ose to olfactory area: yposmia ( scale  after hyposmia (VAS) at 12 months

0-100)
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Table 2. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor Treatment M rement Time of Result
Country Design Patients € Standard (Site and Stage) eatments easurements Assessment esults
Deviation (Years)
Maxillary sinus
(n f 18)/ ortharynx 3D-CRT (30-76 Gy) - Before and - During RT: OD, but not ODT and OI,
(n=10), oral cavity (n=30) bi-weekly during RT was significantly decreased 2-6 weeks
(’_’ =5), paranasal CT-RT (n = 14) for 6 weeks (11 = 44) after beginning of RT in the OLF group
Holsch sinus (}'11 =5), P Dose to olfactory area: - Long term - Long term evaluation: lower OI, but
oo Prospecti u M: 28 (64%) 55 (11-81) pasopharynx ((” = 2)) -OLF group (1 =22): 20  ODT, OL and OD evaluation for not ODT and OD, in OLF vs.
eG al o rospective n= F: 16 (36%) YP‘iP arynx ﬁ; " Gy (median 62.2 Gy, (Sniffin’ Sticks) 10 OLF patients non-OLF group
ermany [48] gasg Can?’ ("kf )s range 23.7-79.5 Gy) (34 weeks after RT) - Dose-effect relationship for OD
rain (n = 1), skin - Non-OLF group (1 = 22): and 15 non- (analyzing dose to olfactory
(n=1), unknown <12 Gy (median 5.9 Gy, OLF patients epithelium) during RT, while after RT
g:}l'lrgra(rzf inz): D, range 2.9-11.1 Gy) (39 weeks after RT) just a trend was found
(stage NR)
Study group
Stud : M: 10 (77%, Stud 51.6
Sandow etal,, n 1=1 1}2; Bronp F:3 (2;%) : (40—7}']5)group Oropharynx 3D-CRT (63-76 Gy) Before RT, 1, and
2006, USA Prospective y CT-RT (cisplatin, n = 3) OI (UPSIT) T OI was unaffected by RT
Control Control group Control group 47.9  (stage NR) 12 months after RT
[49] group: n=5 M: 3 (60%) (27-70) Dose to olfactory area: NR
F: 2 (40%)
Total laryngectomy
(n=20)
Total laryngectomy + RT -5.7(0.11-16.58)
. n=72) 3 years after total
Bindewald Cross- _ M: 190 (93%) Larynx Partial laryngectomy Self-reported smell laryngectomy No differences in olfactory alterations between
etal., 2007, ; n =205 e 64 (32-84) : - (EORTC i © i acor ;
sectional F: 15 (7%) (stage I-1V) (n=77) 4.5 (0.19-15.14) irradiated and non-irradiated patients
Germany [50] . QLQ-H&N35) !
Partial laryngectomy + years after partial
RT (n = 36) (doses NR) laryngectomy
CT: NR
Dose to olfactory area: NR
Rhemrev Surgery (n = 15)
etal., ~ . o Oral cavity, Surgery + RT (n = 57) Self-reported smell . . L
Sme  Chelem BAEN gam  owmy @y Fhe £@ Imonte T ey htonl
Nether- . (stage I-TV) CT: NR QLQ-H&N35) p
lands [51] Dose to olfactory area: NR
P 1si RT (n = 39) (doses NR)
aranasal sinuses CT-RT (platinum - ODT and OI decreased after RT in both
(n =10), parotid compounds, pyrimidine groups with a larger difference in the
gland/ear/facial compounds’ali\{i taxanes, high-dose group
Bramerson o skin (n = 8), oral p ’ - ODT, OI (SOIT) Before RT and _ After therapy, 40% and 7% reported
etal, 2013 Prospective  n="71 M: 51 (72%) 60.9 (35-86) cavity (1 = 12) n=32) - Subjective 20 (12-35) months o orapyy =/ ANC L TP
5 ci 5'2 P F: 20 (28%) - yh ’1 Dose to olfactory area: W jects fter RT subjective olfactory decline in high and
weden [52] nasopharynx/larynx yposmia after low RT dose groups, respectively

(n = 15), oropharynx
(n=26)
(stage NR)

- Low RT dose (1 = 56):
<10 Gy (mean 2.2 Gy)

- High RT dose (1 = 15):
>10 Gy (mean 65.9 Gy)

- CT was not significantly different
between high and low RT dose groups
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Table 2. Cont.

Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor Treatment M rement Time of Result
Country Design Patients € Standard (Site and Stage) eatments easurements Assessment esults
Deviation (Years)
Oral cavity (n = 15),
esophagus (n = 2), Surgery (1 = 8)
Momeni et al., ~ . o scalp (1 =2), Surgery + RT (n = 13) Self-reported smell No differences in olfactory alterations
2013, USA Cr(fs 1 n=21 11:461(52;{/1)/0) 57.9 (24-87) pharynx (doses NR) (EORTC 2Aflt(1i_48t)1:1 ortlths between irradiated and
[53] sectiona ; ° (n = 1), paranasal CT:NR QLQ-H&N35) atter treatmen non-irradiated patients
sinus (n =1) Dose to olfactory area: NR
(stage NR)
- Before treatment,
Oskam et al., _ 3 6 and 12 months No statistically significant difference in
2013, The . M: 47 (59%) Orophar_ynx (n=42),  Surgery + RT (doses NR) Self-reported smell after treatment taste/smell score among evaluations over
Prospective n=280 g o 58 (23-74) oral cavity (n = 38) CT: NR (EORTC . - .
Nether- F: 33 (41%) (stage TL1V) Dose to olfactory area: NR QLO-H&N35) - Long term time, but a deterioration was present
lands [54] g y area: evaluation: 9.2 (8-11)  after treatment
years (n = 27)
- ODT deteriorated during and after RT
RT (n = 30) - No difference between ODT of patients
Nasopharynx CT-RT (n = 24) . . according to radiation region or CT
(n = 24), oropharynx 12 patients with previous Before RT, during RT  _ The median cumulative local radiation
Jalali et al., . _ M: 26 (48%) . (n = 6), paranasal surgery . (2,4, 6 weeks), and for olfactory impairment (i.e., ODT <5
2014, Tran [55] ~ Lrospective - n=54 F: 28 (52%) 49 (22-86) sinus (1 = 12), brain  Total RT dose: 50.1 Gy ODT (N-butanol) after RT (3 and was 154 1C (IO, 58.905 (uCS. =
(n =9), skin (n = 3) (range: 30-66 Gy) 6 months) - ODT significantly decreased 2-6 weeks
(stage NR) Dose to olfactory area: 334 after initiation of RT with cumulative
nC (IQR 162-2068 pC) dose of >135 uC
Stud - Lower ODT and OI in the NPC group
udy group CT-RT (68-72 Gy): compared to the control group
Veyseller Study group: M: 14 (560 %o) Study group COD-RT + cispla%lin (n=8) - ODT and OI - Lower mean olfactory bulb volume in
etal, Cr0§s- n=24 F: 10 (44%) 48.7 £ 11.4 Nasopharynx ~2D-RT + cisplatin and (CCCRC test) 66 (14-218) months the NPC compared to the control group
2014, Turkey sectional Control Control group Control group (stage I-TV) docetacel (1 = 16) - Olfactory bulb after RT - No significant differences in the
[56] group: n =14 M: 5 (32%) 488+7.0 Dose to olfactory area: NR volume (MRI scan) olfactory bulb volume between
F:9 (64%) different CT regimens
- Higher percentage of reduced, but not
Itered, 11 in stud
Study group Study eroup 53.5 CT-RT (cisplatin-based - Ia\Ioe fiiffeifetzfceslr;()srgul}),jeg(f?iss}lyposmia
Riva et al., Study group: M: 24 (80%) (37_75!;_)g p 9o regimens): - ODT, ,OI.’ OD among radiation techniques
2015, Italy Cr0§s— n =30 F: 6 (20%) Nasopharynx - 2D-RT/3D-CRT (1 = 10): (Smff}n s_tlcks) 59 (24-124) months - Higher ODT and TDI, but not OI and
[57] sectional Control Control group Control group (stage I-1V) 70.2 Gy - Subjective reduced after RT OD, in the control group compared to
group: n =30 M: 20 (67%) 52.3 (42-76) - IMRT (n = 20): 69-70 Gy or altered smell study group

F: 10 (33%)

Dose to olfactory area: NR

- No difference in ODT, OI and OD
among radiation techniques
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Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor Treatment M rement Time of Result
Country Design Patients € Standard (Site and Stage) eatments easurements Assessment esults
Deviation (Years)
N . _ ECT (bleomycin) (1 = 6)
Landstrom . M: 12 (63%) Oral cavity (n = 18), ECT (bleomycin) + RT Self-reported smell Before treatment, No differences in problems with senses from
etal., 2015, Prospective n=19 . o 56.6 (20-78) oropharynx (n = 1) G a (EORTC and 12 months after baseli hs af
Sweden [58] F: 7 (37%) (stage I-V) (57.8 Gy) (n = 13) QLO-H&N35) treatment aseline to 12 months after treatment
Dose to olfactory area: NR
- TDI score decrease during the second
CT (cisplatin, CT cycle was significant
Haxel et al., M- 25 (769, 1Oropharyivé (n=20), 5—ﬂu0r§uracil and ODT OL OD Befor?fndl ’ - Older patients (>55 years) were more
2015, Prospective n=233 Bk 24(10/ ) 61.6 (44-85) farynx }(‘n =8, 5 docetaxel) Sniffin’stick P lateg 2 ffr susceptible to decreasing TDI score
Germany [59] : 8 (24%) ypopharynx (i = 5) No RT (Sniffin’sticks) irst, second an during first and second CT cycles
(stage NR) Dose to olfactory area: NA third CT cycle - TDI score reached almost their initial
levels after 3 weeks of recovery time
- Significant decrease in UPSIT score
IMRT (70-76.8 Gy): after RT
- IMRT alone (1 = 2) - The change in SNOT-22 scores was not
Wang et al., M: 31 (76% N h - Concurrent CT-RT - OI (UPSIT) Bef q significant, but the scores for item “loss
2015, Taiwan ~ Prospective n=41 10 é e 3’) 45 (29-77) (sf‘as"fljﬁ}’)“" (n=2) - Self-reported smell ;fniﬁs after RT of smell or taste” significantly
[16] : ° g - induction CT + IMRT (SNOT-22) increased after RT
(n=37) - UPSIT scores negatively correlated
Dose to olfactory area: NR with total and ethmoid
Lund-Mckay scores
Pharynx (1 = 88), Surgery (1 =7) - Smell perception was significantly
Iary‘nx (n = 36), oral Surgery + RT (60 Gy) impaired at the end of treatment, with
élvaref\— Cafflty (n :1 18c)1, (S” =59) CLRT Before treatment, a partial recovery at 2.5 months
arilac © P . _ M: 126 (79%) sa ivary ghan 1 S L'Jrgiery N boplati Self-reported smell end of treatment and follow-up
etal., rospective n =160 F: 34 (21%) 589 + 11.9 (n = 11), nasal cavity (cisplatin or carboplatin) (CCS) at 2.5 months - CCS (including taste and smell) was a
2016, Canada and paranasal (n = 86) follow-up significant predictor of overall quality
[60] sinuses (n = 6), soft Surggry +RT + of life, social-emotional, physical and
tissue (n = 1) cetuximab (n = 8) overall functions at UW-QoL
(stage I-1V) Dose to olfactory area: NR
- Significant differences in latency and
amplitude of olfactory event-related
- Olfactory potentials between patients and
Induction CT (cisplatin event-related controls (worse in patients)
Galletti et al., Study group: Study gr(())up Study group and fluorouracil) + poter}tla@ testing - Significant negative correlation
20161 Cross- n=9 M: 9 (100%) 55 +£9.96 Nasopharynx - Subjective 44.77 + 25.93 months b 1f. _related
, Italy > concurrent CT-RT . etween olfactory event-relate
[61] sectional Control Control group Control group (stage ITI-1V) (cisplatin, 60-69 Gy) hyposmia (YAS scale  after treatment potentials and the 6-item Hyposmia
group: n=9 M: 9 (100%) 52.56 + 8.56 p . 0-10, and 6-item Rating Scal
Dose to olfactory area: NR H ia Rati ating Scale
5 y}l)(;smla ating - Significant positive correlation between
cale

olfactory event-related potentials and
the VAS scale
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Author, Year, Study Number of Sex and Range/ Tumor Treatment M rement Time of Result
Country Design Patients € Standard (Site and Stage) eatments easurements Assessment esults
Deviation (Years)
Within 3 months of .
RT (1 = 3) (doses NR) Self-reported smell RT end (7% of - Younger patients (<60 years) reported
Badr etal., Cross- M: 73 (78%) Oral cavity (n = 26), CT-RT (n =22) (Vand P;bilt Head participants), within more smell problems than older
2017, USA sec‘;ff;ml n=93 F:20 (220/')’ 61.5 (39-88) oropharynx (n=67)  Surgery + RT (1 = 32) an"jj Nick S n‘fa tom  3-6months (23%), patients (>60 years) ‘
[62] : © (stage I-IV) Surgery + CT-RT (1 = 36) Survey vers}ilonPZ 0) within 6-9 months - 3me11 d{sordegs were predictors of
Dose to olfactory area: NR ’ (24%) and within epression and anxiety
9-12 months (46%)
Study group - Sionifi
) " Total laryneectomy + RT ignificant decrease of ODT, OI, OD,
Riva et al., Study group: M: 43 (%6%) Study group 68.76 (n=16) e Y 61.96 (24-132) and TDI score in the study group
2017, Ttal Cross- =50 F: 7 (14%) (50-83) Larynx Total laryn my + ODT, OI, OD Months after - No correlation between TDI score and
- ltaly tional Control Control Control tage 11-1V ota} laryngectomy Sniffin’stick onths afte
[63] sectiona on r9 5 M‘?ig"gg;‘)up 670?41'%381”706UP (stage II-1V) CT-RT (1 = 4) (Sniffin’sticks) treatment RT, age, and follow-up time at
group: 1 = M (éo%()») 54 (53-76) Dose to olfactory area: NR multivariate analysis
- No differences in ODT between pre-
and post-treatment scores
Lilia et al Oral cavity (n = 28), Surgery (n = 5) ;nOengl(ggleriylethyl Before treatment, - Higher scores in the OD in the 6-week
20{8 Fmié;nd Prospective n=44 M: 29 (66%) 56.2 (38-80) oropharynx (1 = 13), Surgery + RT (1 = 35) carbir):ol) Y and 6 weeks, and 3—mopth tests compared with .
[64] ! P - F: 15 (34%) ’ hypopharynx (n = 3) Surgery + CT-RT (n = 4) ~OD and OI 3, 6 and 12 months P?QOPeratlve scores for t'he tumour side
(stage II-1V) Dose to olfactory area: NR 7 da after treatment - Higher scores in the Ol in all
(7 odours) post-treatment tests compared with
preoperative scores
Surgery (n = 8) - Although olfactory function remained
Concurrent CT-RT within the normal range at the
(54-70 Gy) (n = 5) evaluated times, a significant decrease
Nasopharynx (1 = 3) Induction CT + in ODT, OD and TDI score was
oral cavit y(n =3) ” concurrent CT-RT (n =1) - ODT, OI, OD Before (T0), at observed during RT, which returned to
Rivaetal., arotid lya nd (n Z 3) Dose to olfactory area: (Sniffin’sticks) mid-course (T1), and baseline levels after RT
20}9, Ttaly Prospective n=10 M: 10 (100%) 56.90 (39-72) grimarygunknown " -Mean do's'e (Dmean) to - NQSE' scale and at the end (T2) of RT, - Not significant increase of NOSE total
[15] (n=1) nasal cavities subjective reduced 1 and 3 months after score at T2
(stage I-1V) 13.59 + 17'74 Gy or altered smell RT (T3 and T4) - Near significant correlation between
y Neoar maximum dose Dmean to nasal cavities and subjective
(D2%) to . hyposmia at T2 and between D2% to
nasal cavities nasal cavities and dysosmia at T2
26.73 + 31.80 Gy
IMRT: 4-6 weeks after
Epstein et al., M: 7 (70%) Oropharynx (n =9), -alone (n=1) starting of treatment Decreased OI in 3 patients (33%) during
2020, USA Prospective n=10 - oy 599 +7.0 oral cavity (n =1) - CT-RT (platinum-based, OI (UPSIT) (n=6) and up to treatment with smell recovery
o F: 3 (30%)
[65] (stage I-1II) n="9) 2 years after after treatment

Dose to olfactory area: NR

treatment (n = 8)
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Age, Mean
Author, Year, Study Number of Sex and Range/ Tumor Treatments Measurements Time of Results
Country Design Patients Standard (Site and Stage) Assessment
Deviation (Years)
IMRT (1 = 110)
(66.6 £ 5.1 Gy)
3D-CRT (n = 4) - The most frequently reported
Surgery (1 = 38) high-severity items in ASBQ were
Nasopharynx CT: difficulty with smell and
Mok oes g M@0 g GRSl ey o SESRET sgaisgmon  elsion
sectional F: 46 (40%) . - induction + concurrent after treatment Negative correlation between
[66] nasal cavity (n = 24) (n=58) MDASI-HN, ASBQ) MDASI-HN and ASBQ sum score
(stage I-1V) - concurrent (n =12 - Positive correlation between EQ5D
- concurrent + adjuvant VAS score and ASBQ sum score
(n=9)
Dose to olfactory area: NR
- ODT and OI - OTD and OI showed significant
Nasopharynx (CCCRC test) Before RT. at reduction during RT with partial
Gurushekar (n = 13) oropharynx CT-RT (n = 15) - Self-reported smell nfic;)-rceour;:o SRT recovery at 3 months follow up
etal,, 2020 Prospective  n=21 M: 16 (76%) 42,62 (16-75) (n = 4), oral cavity (i Surgery + RT (1 = 4) (AHSP (n=21)attheend of o Significant deterioration of smell by
o e , F: 5 (24%) : = 2), paranasal RT (n =2) (doses NR) questionnaire) RT (n i) 8), 3 months AHSP, although oYerall QOL
sinuses (1 = 2) Dose to olfactory area: NR - Mucociliary after RT (n,— 13) Slgnlﬁgantly deterloratgd
(stage NR) clearance time = - Mucociliary clearance time prolonged
(saccharine test) in 72% of patients at the end of RT
. IMRT (60-68 Gy): . - Impaired olfactory function in 63% of
Sharma et al., Nasal cav1ty n=19), -alone((n=7) -01 (!31:1ef smell patients (76% with surgery and RT
2020, Crogs— n=27 M: 17 (630%) 67 (47-83) paranasal sinuses - Surgery + RT (n = 20) ) Identification Test) 6.4 (1.6-11.1) years versus 17% in RT alone)
Denmark [68] sectional F: 10 (37%) (n=28) Concurrent CT (cisplatin, - Self-reported smell after RT - The risk of olfactory impairment
(stage I-1V) n=6) (SNOT-22) increased with higher tumor stage
Dose to olfactory area: NR
S Study gr((),up . RT (alone or combined _ No diff in Ol bet tud
Alfaro et al. tudy group: M: 24 (40%) Study group Oral cavity (n = 19), with surgery or CT, doses -0l (UI_’SIT) ) O differences in etween study
2021, USA ! Cross- n=40 F: 16 (60%) 63 +12 pharynx (n = 18), NR) (1 = 40) ! - Smell intensity Between 6 months and control groups .
[69] ! sectional Control Control group: Control group larynx (n = 3) Concurrent CT (1 = 24) (general Labeled and 10 years after RT - Lowv‘er smell mten§1ty when tasting
group: n =20 M: 11 (55%) 58 + 14 (stage I-1V) B Magnitude Scale) caffeine solutions in the study group

F: 9 (45%)

Dose to olfactory area: NR

Abbreviations: 2D-RT, Two-dimensional Radiotherapy; 3D-CRT, Three-Dimensional Conformal Radiotherapy; ASBQ, Anterior Skull Base Inevntory; AHSP, Appetite, Hunger and
Sensory Perception; CCCRC, The Connecticut Chemosensory Clinical Research Center test; CCS, Chemosensory Complaint Score; CT, Chemotherapy; CTCAE, Common Terminology
Criteria for Adverse Events; CT-RT, Chemoradiotherapy; ECT, Electrochemotherapy; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life
CoreQuestionnaire; EORTC QLQ-H&N35, EORTC Quality of Life Head and Neck Module 35; EQ-5D VAS, EuroQol Group-5 Dimension Visual Analogue Scale; F, Female; Gy, Gray;
IMRT, Intensity Modulated Radiation Therapy; IQR, Inter-Quartile Range; M, Male; MDASI-HN, MD Anderson Symptom Inventory-Head and Neck; MRI, Magnetic Resonance
Imaging; NA, Not Applicable; NOSE, Nasal Obstruction Symptom Evaluation; NPC, Nasopharyngeal carcinoma; NR, Not reported; OI, Odor identification; OD, Odor discrimination;
ODT, Odor detection threshold; RT, Radiotherapy; SNOT, Sino-Nasal Outcome Test; SOIT, Scandinavian Odor Identification test; TDI, Threshold, discrimination and identification total
score; UPSIT, University of Pennsylvania Smell Identification Test; UW-QoL, University of Washington Quality of Life Questionnaire; VAS, Visual Analog Scale.
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3.2. Sinonasal Mucosa Disorders

Among 30 publications concerning sinonasal mucosa disorders as sides effects of CT
and/or RT in HNC patients, six studies were prospective [15,16,20,23,35,38], 10 cross-
sectional [17,18,21,24,25,29,30,33,36,43], and 14 retrospective [14,19,22,26-28,31,32,34,37,39-42]
(Table 1). Sample sizes ranged from 9 to 1134 patients. Men were predominant in all the
publications, except for three papers [35,37,39]. Age ranged from 7 to 84 years. A control
group was present in six studies [17,18,20,23,33,36].

The most frequent cancer sites were nasopharynx, nasal cavity, and paranasal sinuses, fol-
lowed by oropharynx, oral cavity, larynx, hypopharynx, skull base, and parotid gland. Nasophar-
ynx was the only tumor site in all the patients in twenty articles [16,18,19,21-28,30-35,38,41,43],
whereas one article focused on nasopharynx and nasal cavity [17], one on nasal cavity and
paranasal sinuses [40], and another one on patients with nasopharynx and larynx tumors [29].
Moreover, one study included only laryngeal cancer [36], and in one paper, the tumor sites were
larynx, oropharynx, oral cavity, and hypopharynx [20]. Tumor stage was reported by 21 articles
and ranged from I to IV according to TNM classification [14-16,20,22,24,26,28-39,41,43].

Treatments included: RT alone in 27 papers [14,16-32,34,35,37-43], surgery and adju-
vant RT in 5 papers [15,20,29,36,42], CT-RT in 20 papers [14-16,20-22,24-26,28,30-34,39-43],
and trimodal therapy in 3 papers [15,36,42]. Only fourteen studies described the type of
RT that was used. In particular, four studies included two-dimensional radiation therapy
(2D-RT) [26,31,33,38], six papers included three-dimensional conformal radiation therapy
(BD-CRT) [14,26,30,31,33,39], and fourteen papers included intensity-modulated radia-
tion therapy (IMRT) [14,16,24,26,28,30-34,38,39,41,43]. Two studies evaluated brachyther-
apy [22,39]. RT dose to nasal cavities was detected only in three studies, and ranged from
13.59 to 56.38 Gy [15,18,43].

The main chemotherapeutic drugs administered in the studies were platinum com-
pounds, pyrimidine compounds, and taxanes. No study evaluated CT alone.

Diagnosis and/or complaints of chronic rhinosinusitis (CRS) were performed using
subjective and objective measurements: questionnaires (e.g., Sino-Nasal Outcome Test—
SNOT), mucociliary clearance (saccharine test), clinical examination by nasal endoscopy,
cultures, nasal biopsy, nasal cytology, computed tomography and magnetic resonance
imaging (MRI). No study used only subjective measurements. Thirteen papers included
both subjective and objective tools [15-17,24,27,30,31,33,35-38,43].

Nasal endoscopy was performed in 10 studies [15,19,24,26,27,31,33,35,36,43]; two of these
used the Lund Endoscopic Staging System, assessing the appearance of nasal endoscopy
findings (polyps, oedema, discharge, scarring and crusting), with a total score ranging from
0 to 20 [24,35]. A general clinical examination was included in three articles [14,39,42]. A
saccharine test was employed in six studies in order to investigate mucociliary clearance
rates [17,19,20,23,29,43]. It consisted of the placement of saccharin on the floor of nasal cavity
behind the anterior end of the inferior turbinate. Then, the subjects were asked to swallow
every 30 s and to report the first change in taste sensation. The time from the placement of
saccharin to the perception of sweetness was noted as the mucociliary clearance time.

The patients underwent a radiological assessment in seventeen studies: computed
tomography in six articles [16,19,24,35,37,38], MRl in five articles [22,30,32,34,43], and both
computed tomography and MRI in five papers [14,26-28,41]. In only one study did the au-
thors use radiographs [21]. The extent of rhinosinusitis was graded using the Lund-Mackay
staging system, based on computed tomography findings in six studies [16,19,24,35,37,38],
and on MRI findings in three papers [22,32,34]. The Lund-Mackay staging system was
based on the opacification of each sinus (maxillary, frontal, anterior ethmoidal, posterior
ethmoidal, sphenoidal, and the ostiomeatal complexes), assigning a score between 0 and 2
(0, no abnormality; 1, partial opacification; 2, total opacification) for a total score ranging
between 0 and 24. The computed tomography is generally used for rhinosinusitis staging.
However, some studies used MRI [22,32,34].

Three studies included nasal cytological examination [15,33,36], and four papers
analyzed histopathologic findings based on biopsies [18,23,36,37]. The bacteriology of
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RT-induced rhinosinusitis, detected by cultures of maxillary sinus specimens, was reported
in three studies [21,25,40].

Patients =~ were  evaluated  before @ and after RT in  fifteen
studies [15-17,19,20,22,24,28-30,32,34,35,41,43]. The minimum time of assessment after
treatment was three months [15], and the maximum was 117 months [17]. Fourteen articles
evaluated patients only after RT [14,18,21,23,25-27,31,33,36,37,39,40,42], with a minimum
time of assessment of three months [42] and a maximum of 26-54 years [26].

The percentage of patients with rhinosinusitis after RT ranged from 7% [42] to 86.1% [30].
The most common isolates in the post-RT CRS group were Staphylococcus aureus, followed by
Streptocuccus viridans and Pseudomonas aeruginosa [21,25,40].

In four articles, a higher saccharin perception time was found after RT [19,20,23,29].
Kilig et al. described a higher saccharin perception time in patients receiving RT dose
>60 Gy and in patients receiving CT concurrent to RT [29]. On the contrary, Kamel et al. did
not find any correlation between RT dose and mucociliary clearance delay time, endoscopic
findings, and Lund-Mackay score [19]. Hu et al. found a decreased saccharin transit time
after RT [23].

Maxillary sinuses were the most involved, followed by the anterior ethmoid [14,19,22,28,34].
Park et al. described a higher bilateral CRS percentage in non-RT group (85.7% vs. 60%), and,
although RT itself was not associated with sinus surgery, concurrent CT was significantly
associated with the need for surgery [14]. Advanced T stage (but not RT dose) was positively
associated with the incidence of sinus abnormality in the fifth year after RT [22,28]. In the study
by Lu et al., patients in the RT-alone and any-RT groups exhibited an increased risk of CRS
compared to patients in the no-RT group (hazard ratio: 6.76 and 2.91, respectively) [42].

The incidence of sinusitis peaked at 3-9 months after RT and showed a trend toward
stabilization after 1 year [28,34]. Nasal irrigation reduced CRS post-RT in patients with
nasopharyngeal carcinoma [24]. Moreover, higher incidence of CRS after RT was observed
in patients who used a nasal sprayer instead of a nasal irrigator [30]. Fewer nasal complaints
(overall symptoms, blocked nose, and headache), better quality of life, and less severe
endoscopic findings were found in the steroid group at 3 and 6 months after RT [35].

Two articles did not find any significant influence of the RT delivery method for any
type of complication [31,33]. Choanal stenosis was found in 4.3% to 23% of cases after
RT [23,26,31,38] and negatively affected quality of life [31].

Histologically, areas of ciliary loss, intercellular and intracellular vacuolation, and
ciliary dysmorphism, and a decreased number of submucosal gland openings and ciliary
areas were found after RT [18,23]. Stoddard et al. found a higher percentage of neutrophilic
inflammation and squamous or mucous cell metaplasia in the study group without cy-
tological atypia; furthermore, there was no correlation between cytological changes and
symptoms, endoscopic findings, age, smoking, and tumor stage [40].

Nasal cytology showed a radiation-induced rhinitis with neutrophils [15,33]. Fur-
thermore, mucous cell metaplasia appeared in patients during RT [15,33,37]. Mucous cell
metaplasia was also found in 20% of laryngectomized patients [36]. Increased squamous
metaplasia and subepithelial edema and a higher Lund-Mackay score were observed in
radiation-induced CRS compared to CRS without nasal polyps [37]. Riva et al. did not
find any correlation between cytological changes and symptoms, endoscopic findings
(turbinate hypertrophy, mucosal hyperemia, nasal secretions), age, smoking, tumor stage,
and adjuvant RT after total laryngectomy [36]. Yin et al. showed that the patients who
received IMRT at a dose less than the threshold had the least damaged nasal mucosa
morphology, and functional impairment scores were highest 3 months after RT, with a
significant relationship between the turbinate thickness ratio and the radiation dose [43].

3.3. Olfactory Dysfunction

Among 28 publications concerning olfactory dysfunction as a side effect of CT and/or RT
in HNC patients, 16 studies were prospective [15,16,44,46—49,52,54,55,58—60,64,65,67], 11 cross-
sectional [50,51,53,56,57,61-63,66,68,69], and only one was retrospective [45] (Table 2). Sample
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size ranged from 10, in two prospective studies [15,65], to 205 patients, in a cross-sectional
study [50]. Most patients were men. Only two papers reported a preponderance of women
in their sample [57,58]. Age ranged from 11 to 88 years. Seven articles included a control
group [46,49,56,57,61,63,69], five were cross-sectional, and two were prospective.

The most frequent cancer sites were nasopharynx, nasal cavity, and paranasal sinuses,
followed by oropharynx, oral cavity, larynx, hypopharynx, skull base, and parotid gland.
Nasopharynx was the only tumor site in all the patients in six articles [16,46,47,56,57,61],
while one article focused on nasopharynx and nasal cavity [66]. Thirteen papers did
not include nasopharynx as a tumor site [49-51,53,54,58-60,62-65,68,69]. Tumor stage
was reported by nineteen articles and ranged from I to IV according to TNM classifica-
tion [15,16,33,36,46,47,50,51,54,56,58,60-62,64—66,68,69].

Treatments included: RT alone in three papers [44—46], surgery and adjuvant RT
in four papers [50-53], CT-RT in ten papers [16,47-49,52,55-57,61,65], trimodal therapy
in nine papers [15,60,62-64,66—-69], and ECT and RT in one paper [58]. Five studies in-
cluded two-dimensional radiation therapy (2D-RT) [44-46,56,57], four studies included
three-dimensional conformal radiation therapy (3D-CRT) [48,49,57,66], and five included
intensity-modulated radiation therapy (IMRT) [16,57,65,66,68]. The other 14 articles did
not specify the type of RT employed. RT dose to the olfactory area was reported in six
articles and ranged from <10 to 75 Gy [15,44,45,48,52,55].

The evaluation of CT alone was present in only one paper [59]. The main chemother-
apeutic agents administered in the studies were: platinum compounds, pyrimidine com-
pounds, and taxanes. The agent administered for ECT was Bleomycin.

Time of assessment included evaluations before and after RT in fifteen
studies [15,16,44,46-49,52,54,55,58-60,64,67], while it was only after treatment in twelve
articles [50,51,53,56,57,61-63,65,66,68,69]. In one study, patients were evaluated during
RT [45]. The longest follow up time was 10 years [69], while the shortest was 2.5 months
after the end of RT [60]. The times of assessment in the publication that evaluated only CT
were before and immediately after the first, second, and third cycle of therapy [59].

Olfactory function was evaluated by means of psychological tests in eleven pa-
pers [44,46,48,49,55,56,59,63-65,69], self-report instruments in eight
papers [45,50,51,53,54,58,60,62], and through a combination of both tools in nine arti-
cles [15,16,47,52,57,61,66-68].

The psychological tests measured the three main olfactory abilities concurrently in eight
studies [15,46-48,57,59,63,64]. They included odor detection threshold (ODT), odor discrim-
ination (OD), and odor identification (OI). ODT was assessed with the use of amyl acetate
and eugenol, n-butyl alcohol, or n-butanol. A total score (TDI—Threshold Discirmination
Identification) was calculated in the studies that used Sniffin’ sticks for olfactory assesse-
ment [15,47,48,57,59,63]. Other objective measurements were olfactory event-related potential
testing [61] and olfactory bulb volume in MRI [56]. Olfactory event-related potential testing
consisted of a selective stimulation with 40 randomized olfactory stimuli, using phenyl ethyl
alcohol and hydrogen sulphide in nitrogen as odorants, presented through a Teflon nasal
outlet that was placed into the nasal vestibule [61].

Subjective measurements were obtained through self-report instruments, like Visual
Analogue Scale (VAS, 0-100 or 0-10), 6-item Hyposmia Rating Scale, or self-reported smell
(EORTC QLQ-H&NB35, CCS, SNOT-22, Vanderbilt Head and Neck Symptom Survey version
2.0, AHSP, EQ-5D VAS, MDASI-HN, ASBQ).

Twenty articles reported substantial smell deterioration, with specific differences
in odor identification and odor discrimination. ODT significantly decreased during
RT, and its baseline levels had still not recovered at different months after the treat-
ment [44,46,47,52,55-57,63,67], such as OD in two papers [48,63]. In two cases, ODT did
not show variations during and after the radiotherapy treatment [48,64]; similarly, OD did
not change in the other two papers [47,57]. OI decreased in three papers [52,56,63], while
in two papers, it did not show substantial differences before and after treatment [47,57].
A significant reduction of OI was observed in one study during RT, but showed a partial
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recovery at 3 months follow-up [67]. On the contrary, in another publication, OI was stable
at 2-6 weeks after the beginning of radiotherapy, but showed a decrease after treatment at
a long term evaluation [48].

Eight studies did not demonstrate significant differences in olfactory alterations be-
tween irradiated and non-irradiated patients [49,50,53,54,58,63,65,69].

Four studies reported an impairment of quality of life [60-62,67]. Smell disorders
were predictors of depression and anxiety [62], and had a positive correlation with the VAS
scale [61].

4. Discussion

Head and neck cancer treatment is often challenging and multimodal, including
radiation therapy and chemotherapy [4]. In recent decades, the development of new
radiotherapy techniques has guaranteed a reduction in OARs complications. In particular,
RT technology has developed from 3D-conformal planning to IMRT, and the amount of
radiation applied to the surrounding tissue has been minimized [7]. However, since the
percentage of long-term HNC survivors has been increasing [1], higher attention should be
paid to late side effects.

The aim of this review was to summarize the current knowledge of sinonasal side
effects of chemotherapy and/or radiation therapy for HNC, with a specific focus on mucosal
and smell disorders. Indeed, these complications are often overlooked by physicians, but
may negatively affect patients” quality of life.

The prevalence of sinonasal mucosa disorders after RT for HNC is very heterogeneous
among studies, ranging from 8% to 86.1%. The 5-year incidence of post-irradiation CRS
reached 16.7% in the study by Hsin et al. conducted on 102 patients with nasopharyngeal
carcinoma (NPC) [32]. However, the applicability of this information is limited because
this study investigated only patients with NPC, and not with the HNC of other sites.
Furthermore, potential confounders such as CT or previous sinonasal disorders have not
been properly considered or controlled. Radiation-induced choanal stenosis is a rare late
toxicity, observed in 4.3% to 23% of cases after RT [23,26,31,38]. It leads to serious difficulty
in breathing through, and discharge from, the nose. When it comes to improving these
symptoms, transnasal endoscopic surgery is often needed [31].

The results obtained by Lu et al. revealed that the risk of CRS was significantly
higher in the RT groups compared to the no-RT group. In particular, the 5-year cumulative
incidence rates of CRS in the RT-alone, any-RT, and no-RT groups were estimated as 12%,
9.3%, and 4.5%, respectively. The hazard ratios for CRS were 6.76 and 2.91 in the RT-alone
and any-RT groups, respectively, compared to the no-RT group. Moreover, the HNC site
is another factor associated with the risk of post-treatment CRS: the patients with NPC
had the highest incidence of CRS (HR 4.54), while patients with oral cancer had the lowest
(HR 0.29) [42].

The incidence of rhinosinusitis peaked at 3-9 months after RT and showed a trend toward
stabilization after one year [27,34]. The highest incidence and severity of sinus mucosa disease
were found at 3 months after RT (about 67% of cases), which decreased gradually over time.
Advanced tumor stage and smoking habit were predisposing factors for sinus mucosa disease,
while age, sex, RT dose, and nodal status were not. On the contrary, no factors could predict
sinus mucosa disease improvement after RT [22]. In the study by Su et al., a lot of patients with
CRS before treatment suffered aggravated symptoms after RT, but 75.3% of patients without
CRS before RT developed it after RT. Advanced tumor stage, invasion of the nasal cavity,
and nasal irrigation, but not CT or RT dose, were positively associated with the incidence of
rhinosinusitis after RT [28]. In the paper by Hamilton et al., nasal crusting, CRS, and epistaxis
were quite common (nasal crusting in 16% of patients, epistaxis in 16%, and chronic sinusitis
in 8% of cases), attributable to the higher proportion of subjects treated with high dose RT to
the nasopharynx in their study [39].

The histopathological features of radiation-induced CRS are different from non-post-
RT CRS. Kuhar et al. observed that patients with RT-induced CRS exhibited greater
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squamous metaplasia and subepithelial edema compared to patients with CRSsNP, and
decreased eosinophilia and basement membrane thickening compared to patients with
CRSwNP [37]. Riva et al. showed that a radiation-induced rhinitis with neutrophils and
sometimes bacteria occurred in 70% of cases and persisted after 1 month; mucous cell
metaplasia appeared in 10% of patients during RT and disappeared after 3 months, and
squamous cell metaplasia was observed in 10% of cases, only after the end of RT [15]. These
results are in agreement with their previous study on the late effects of RT for nasopharyn-
geal cancer that showed 40% of neutrophilic rhinitis, 20% squamous cell metaplasia, and
13% mucous cell metaplasia, after a median follow-up of 59 months [33]. The most common
isolates in the post-RT CRS group were Staphylococcus aureus, followed by Streptocuccus
viridans and Pseudomonas aeruginosa [21,25,40].

Few studies have investigated the relationship between RT dose and radiation-induced
damage to the nasal mucosa. Indeed, RT dose to nasal cavities was detected only in three
studies, and ranged from 13.59 to 56.38 Gy [15,18,43]. Therefore, there is insufficient infor-
mation on the radiation tolerance of the nasal mucosa. Yin et al. investigated 66 patients
and assessed the radiation tolerance of the nasal mucosa by performing the modified sac-
charin test, endoscopy test, MRI, and a SNOT-20 survey. The results showed that there was
a threshold radiation dose, and that above such an RT dose, nasal tissues may not recover
from radiation-induced damage. The threshold doses of IMRT ranged from 37 to 40 Gy. A
low dose of IMRT (inferior to the threshold dose) was associated with higher mucocilia
transport rate, better endoscopy test score, and improved SNOT-20 score [43]. Moreover,
an association between turbinate thickness ratio and radiation dose was observed. Riva
et al. noticed a significant correlation between mean dose (Dmean) and near maximum
dose (D2%) to inferior turbinates and neutrophilic rhinitis, and between D2% to inferior
turbinates and mucous cell metaplasia at the end of RT [15].

Treatment for radiation-induced CRS was reported by four studies, and included
functional endoscopic sinus surgery [14,23,27,37]. An algorithm for radiation-induced CRS
therapy, including medical and surgical options, has never been proposed.

Smell perception plays an important role in life experiences and influences every
aspect. Olfactory dysfunction can limit daily life activities and have an adverse effect
on nutritional status. Concerning HNC, olfactory disorders may be secondary to direct
damage caused by tumors, or to treatments, including surgery, RT, and CT. In particular,
RT and CT can alter smell perception by damaging the olfactory epithelium and/or nerves.

The percentage of patients with olfactory impairment after RT ranged from 7% to
76%. Smell disorders appeared during RT and decreased after treatment, remaining higher
than non-irradiated patients [45,51,56,57,61-63,65,66,68]. Studies that did not find any
differences in smell perception between irradiated and non-irradiated patients mainly
included subjects affected by non-nasopharyngeal tumors [50,53,69]. Therefore, this lack of
difference could be explained by the fact that olfactory epithelium was outside the radiation
fields in these patients.

A number of studies have investigated different aspects of olfactory impairment
during and after RT. In particular, odor detection threshold (ODT), odor discrimination
(OD), and odor identification (OI) have been analyzed. ODT was measured in thirteen
studies and worsened during RT [15,33,36,44,46-48,52,55,56,59,64,67]. Only three studies
did not find ODT alterations after RT, assessing smell at least 12 months after completing the
treatment [15,48,64]. OD was measured in seven publications [15,33,36,47,48,59,64]. Among
these, four studies did not report OD alterations at a long-term evaluation [15,33,47,48].
Finally, OI was measured in sixteen studies and an alteration was found in 22-63% of
patients [15,33,36,46—49,52,56,59,64,65,67-69]. The reason for better OD and OI results
compared to ODT may be the supraliminary and centrally integrated nature of OD and
Ol functions, and thus theoretically outside the field of irradiation. Globally, threshold
discrimination identification score (TDI) was lower during RT and totally or partially
recovered after treatment [15,57].
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Only few studies investigated the role of different RT techniques on smell disorders.
Concerning studies that included 2D-RT and 3D-CRT, there was a substantial smell deteri-
oration [44-46,48,49,56,57,66], even though Riva et al. did not observe significant long-term
differences for subjective hyposmia, ODT, OD, and Ol between different radiation techniques
for NPC (2D-RT/3D-CRT vs. IMRT) [57]. An impaired olfactory function was also found
in five articles that included IMRT [16,57,65,66,68]. Nevertheless, Epstein et al. reported
decreased Ol in 3 patients (33%) during treatment with smell recovery after RT [65].

A worse olfactory function was observed in patients receiving ‘high dose” compared
to ‘low dose’ to the olfactory epithelium. After therapy, 40% and 7% reported subjective
olfactory decline in high and low RT dose groups, respectively [52].

A small part of cited studies was derived from 2019-2022, which coincides with
the SARS-CoV-2 pandemic. Since dysfunction of smell and taste could be an effect of
SARS-CoV-2 infection, it may partially modulate results in the most recent studies.

Only two studies described both sinonasal mucosal disorders and olfactory disfunc-
tion after RT treatment [15,16]. Wang et al. performed patients’ evaluations before and
12 months after RT, observing an increase in sinonasal mucosa and smell disorders after
treatment. Moreover, olfactory alterations correlated with total and ethmoid Lund-Mckay
scores [16]. Riva et al. evaluated the patients before, during, and after RT (3 months). In
agreement with Wang et al., a concurrent increase in mucosal and olfactory disorders was
observed during RT. Furthermore, Riva et al. found that nasal symptoms and endoscopic
findings peaked at the end of RT [15]. Further studies are necessary to identify where OAR
should be set in order to reduce the incidence of sinonasal side effects.

The impact of CT on nasal side effects has been poorly analyzed. Only one study
evaluated olfactory complaints during CT for HNC. The TDI score decreased during the
second CT cycle, especially in older patients (>55 years), and reached almost its initial
levels after 3 weeks of recovery time [59]. On the other hand, the impact of CT alone on
sinonasal mucosa has never been investigated.

5. Conclusions

Sinonasal mucosa and smell disorders are a common post-treatment side effect of
CT and/or RT in HNC patients. The incidence and severity of olfactory dysfunction and
chronic rhinosinusitis were highest at the end of RT and at 3 months after treatment and
decreased gradually with time. Smell acuity deterioration and chronic rhinosinusitis after
RT seemed related to radiation dose on olfactory area and nasal cavities, but different
degrees of recovery were observed. Therefore, it is important to establish the severity
of chronic rhinosinusitis and olfactory dysfunction in order to find strategies to support
patients and improve their quality of life. Further studies are necessary to better assess
the role of medical and surgical treatments of sinonasal side effects of CT and/or RT for
HNC. Finally, the role of CT should not be overlooked, and future studies are mandatory
to assess its effect on nasal cavities and paranasal sinuses.
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