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Abstract

Survivors of head and neck squamous cell cancers (HNSCC) frequently complain of taste dys-
function long after radiation therapy is completed, which contradicts findings from most sensory 
evaluation studies that predict dysfunction should resolve few months after treatment. Therefore, 
it remains unclear whether taste and smell function fully recovers in HNSCC survivors. We evalu-
ated HNSCC survivors (n = 40; age 63 ± 12 years, mean ± standard deviation) who received radi-
ation therapy between 6 months and 10 years before recruitment and compared their responses 
to those of a healthy control group (n = 20) equivalent in age, sex, race, smoking history, and body 
mass index. We assessed regional (tongue tip) and whole-mouth taste intensity perception using 
the general Labeled Magnitude Scale and smell function using the University of Pennsylvania 
Smell Identification Test (UPSIT). To determine possible differences between groups in retronasal 
smell perception, we used solutions of sucrose with strawberry extract, citric acid with lemon 
extract, sodium chloride in vegetable broth, and caffeine in coffee and asked participants to rate 
perceived smell and taste intensities with and without nose clips. We found groups had similar 
UPSIT and taste intensity scores when solutions were experienced in the whole mouth. However, 
HNSCC survivors were less likely to identify low concentrations of bitter, sweet, or salty stimuli 
in the tongue tip relative to healthy controls. Our findings suggest persistent and subtle localized 
damage to the chorda tympani or to the taste buds in the fungiform papillae of HNSCC survivors, 
which could explain their sensory complaints long after completion of radiotherapy.
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Introduction

Head and neck squamous cell cancers (HNSCC), which comprise 
primarily tumors of the oral cavity, pharynx, and larynx, are the 
seventh most prevalent form of cancer worldwide (World Cancer 

Research Fund and American Institute for Cancer Research 2018). 
Traditionally, these cancers were associated with alcohol and to-
bacco use, but currently a large proportion of these cancers, par-
ticularly in the oropharynx, are driven by exposure to the human 
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papilloma virus (HPV) (Marur et al. 2010; Chaturvedi et al. 2013). 
The prognosis of HPV-related HNSCC following treatment is excel-
lent, as these patients have notably higher survival rates than non-
HPV-related cancers (O’Rorke et al. 2012; Tahtali et al. 2013). In 
addition, technological improvements in radiation therapies over the 
last decade, which use modulated intensity radiation and can more 
accurately target cancerous tissue and spare healthy tissue, have also 
increased survival rate (Chen et  al. 2019). Therefore, the pool of 
long-term HNSCC survivors is increasing (Miller et al. 2019), and 
attention to long-term treatment side effects is critical.

There are different treatment plans for HNSCC, for example, 
some patients are treated with surgery or radiation alone, but often 
times, the disease requires a combination of therapies, such as 
chemoradiation. One of the most common side effects reported by 
patients after being treated for head and neck cancer (HNC) with 
these treatments is taste dysfunction (McLaughlin 2013, 2014). 
Although frequently underappreciated by medical practitioners 
(McLaughlin and Mahon 2014), taste dysfunction has a signifi-
cant negative impact in patients’ quality of life (Epstein et al. 2001; 
Baharvand et  al. 2013; Alvarez-Camacho et  al. 2016), nutritional 
status and health (McQuestion et al. 2011; Ganzer et al. 2015; Jin 
et al. 2018). In recent qualitative studies that included a subgroup 
of the HNSCC survivors who participated in this current study, we 
found that 94% (29 of 31) reported having taste dysfunctions that 
were described as being “frustrating,” “troublesome,” and “aggra-
vating” and stated they no longer enjoyed eating (Crowder et  al. 
2020). For many HNSCC survivors, eating was considered “boring” 
and an activity they did “to survive” because food was enjoyed “not 
near” like it used to be (Crowder et al. 2021).

While it is clear that radiation therapy for HNC induces taste 
dysfunction during treatment and for a few weeks after (Mossman 
and Henkin 1978; Just et al. 2005; Mirza et al. 2008), there is con-
troversy over when and to what extent taste dysfunction recovers 
after treatment. More important, most studies suggest gustatory 
ability recovers within a few months of treatment (Tomita and Osaki 
1990; Yamashita et al. 2006, see Supplementary Table 1), but this 
does not match reports from HNC survivors, who continue to ex-
perience taste dysfunction 6 or more months after treatment comple-
tion (McLaughlin and Mahon 2014).

Remarkably, most of the studies that assessed taste function in 
these patients did so by measuring taste thresholds or by using mag-
nitude matching procedures (Supplementary Table 1). Unfortunately, 
results from these studies are limited, in part, because threshold sen-
sitivity measures typically do not correlate with above-threshold 
sensory function (Bartoshuk 1978; Pepino et al. 2010). An extreme 
example of this is illustrated by sensory data from a 52-year-old 
woman who underwent radiation therapy for cancer of the neck 
(Bartoshuk 1978). Although data from her recognition thresholds 
suggested an initial acute impairment of taste perception that was 
followed by recovery at about 60 days (similar to findings from other 
studies: Maes et  al. 2002; Yamashita et  al. 2006; Kamprad et  al. 
2008), data from her above-threshold sensory function showed sig-
nificant hypogeusia up to 173 days after treatment (Bartoshuk 1978). 
Notably, the patient’s description of her taste world matched well 
with her scaling data: she indicated that by 173 days after treatment 
foods still did not taste as strong as they used to (Bartoshuk 1978).

The second method, magnitude matching, is also limited in its 
ability to infer differences in taste perception due to an intervention, 
because magnitude estimates express individual perceptions of dif-
ferent stimuli in terms of ratios, not absolute perceived intensities 
(Bartoshuk 1978). It is possible that after treatment the relationship 
between ratios remains constant yet patients perceive all taste so-
lutions as significantly less intense than before radiation treatment.

Another confounding factor is that studies measuring taste inten-
sity perception did so using whole-mouth procedures. This approach 
may not identify regional impairments in taste perception, because 
reduced signal from the anterior tongue, via the chorda-tympani 
nerve, can release central inhibition of the glossopharyngeal nerve, 
resulting in a net recovery of overall taste function when the whole 
mouth is assessed (Bartoshuk et  al. 2012). However, the regional 
application of taste at the tip of the tongue isolates taste perception 
that is carried by the chorda-tympani nerve division of the facial 
nerve and therefore allows detection of specific nerve damage. Thus, 
taste dysfunction in HNC patients may be more evident when using 
regional procedures than when using whole-mouth procedures.

Another potential explanation for the lack of agreement between 
patients’ self-reported taste function and function measured using 
sensory evaluation techniques is that patients may misidentify olfac-
tory dysfunction as taste dysfunction (Rozin 1982; Stevenson et al. 
1999; Spence 2015). Studies have shown that olfactory dysfunction 
also occur in HNC patients after radiotherapy (Alvarez-Camacho 
et al. 2017) (Supplementary Table 2). Although smell and taste are 
separate senses, they both integrate and interact in the brain to pro-
vide us with the perception of flavor (Rozin 1982). The intimate 
entwining of these 2 chemicals senses, combined with the erroneous 
use of “flavor” as a synonym of “taste,” may contribute to confu-
sion between symptoms arising from olfactory dysfunction and 
those caused by taste dysfunction. However, few normative studies 
have assessed both taste and smell function in the same HNC patient 
(Sandow et al. 2006; Riva et al. 2015).

The primary goal of the present study was to test the hypothesis 
that radiation therapy for the treatment of HNSCC is associated 
with long-term (or chronic) alterations of taste and smell function. 
We evaluated both taste and smell function in HNSCC survivors 
who received radiation therapy between 6 months and 10 years be-
fore recruitment, as well as a healthy control (HC) group equivalent 
in age, sex race, smoking history, and weight who had no history of 
cancer. We used validated psychophysical tests that included regional 
and whole-mouth procedures for the assessment of taste perception 
(Coldwell et al. 2013), as well as measures of retronasal smell inten-
sity and smell identification.

Materials and methods

Participants and study design
The HNSCC survivor group comprised cancer-free participants 
who were previously diagnosed with squamous cell carcinoma in 
the areas of the oral cavity, pharynx (oropharynx, nasopharynx, 
and hypopharynx), and larynx and completed their radiation 
therapy (alone or combined with surgery or chemotherapy) at 
least 6 months but less than 10 years before enrolling in the study. 
Survivors who received radiation therapy ≥10 years before the time 
of recruitment were excluded because of the profound changes in 
radiation treatments over the last decade (van der Laan et al. 2012; 
Christianen et  al. 2015). In addition, we recruited a HC group 
equivalent to the HNSCC group in age, sex, race, smoking history, 
and body mass index. We identified HNSCC participants via the 
Carle Foundation Hospital Cancer Registry and HC participants 
via flyers and newsletter emails posted at the University of Illinois 
at Urbana-Champaign campus. All participants completed the same 
taste and smell psychophysical assessments in 1 study visit, which 
lasted approximately 2 h. The Human Research Protection Office at 
Carle Foundation Hospital and the University of Illinois at Urbana-
Champaign Institutional Review Board approved the study protocol, 
and all included participants gave informed written consent before 
initiating study procedures, according to the Declaration of Helsinki.
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Taste assessment procedure
We assessed both taste quality identification and taste inten-
sity ratings via both regional and whole-mouth taste presentation 
methods, as recommended in the NIH Toolbox for Assessment 
of Neurological and Behavioral Function (Coldwell et  al. 2013). 
For the regional presentation session, a cotton swab soaked with 
stimulus was applied in a semicircular motion around the tip of the 
tongue. For the whole-mouth presentation session, participants were 
asked to swish the taste sample in their mouth for approximately 
5 s before expectorating it. The whole-mouth session was assessed 
twice: once without a nose clip and once with a nose clip, which pre-
cludes both orthonasal and retronasal smell stimulation. The order 
of presence/absence of the nose clip was randomized among par-
ticipants. After tasting, participants identified the taste quality by 
selecting from a list containing the following options: sweet, salty, 
sour, bitter, umami, and no sensation.

Participants then rated the strength of the perceived taste inten-
sity of the solution (as well as perceived smell intensity; see below) 
using a generalized Labeled Magnitude Scale (gLMS) (Green et al. 
1996; Bartoshuk et al. 2004). The gLMS is a measure of perceived 
intensity with 7 anchor labels: Strongest of any kind, Very strong, 
Strong, Moderate, Weak, Barely detectable, No sensation). Prior to 
participants using the gLMS scale, we trained them on the use of the 
scale by providing different examples. To assess whether they under-
stood how to use the scale, we asked them to rate remembered inten-
sities of different sources of light: the intensity of light in a candle-lit 
restaurant, light in a well-lit room, and the strongest/brightest light 
they have ever seen.

During the testing sessions, participants were asked to complete 
their ratings in the gLMS immediately after sample expectoration. 
They were also instructed to rinse their mouth twice with deionized 
water and to wait 30 s before tasting the next sample. In total, each 
participant completed 3 tasting sessions (i.e., tip of the tongue, 
whole mouth wearing nose clip, and whole mouth without nose 
clip), each with 9 stimuli. All psychophysical data were collected 
using Academic Consortium, Compusense Cloud (Compusense Inc., 
Guelph, Canada).

Sensory stimuli
We used ~10  mL of liquid stimuli that contained both taste and 
smell components. We used 2 concentrations each of sucrose 
(Domino Sugar; 180 mM, 700 mM) with 0.78 g strawberry extract 
(Watson’s), sodium chloride (Morton Salt; 100 mM, 320 mM) in a 
vegetable broth (Kitchen Basics Unsalted Vegetable Broth), citric acid 
(Purisure; 3.2 mM, 32 mM) with 0.78 g lemon extract (Watson’s), 
caffeine in caffeinated instant coffee (Nescafe Taster’s Choice House 
Blend; 1 mM, prepared with 0.59 g instant coffee; and 10 mM, pre-
pared with 5.97 g instant coffee), and deionized water as a blank. 
All 9 stimuli were placed in small clear medicine cups, with order of 
presentation randomized, except for the highest caffeine concentra-
tion, which was always presented at the end of each testing round. 
All taste stimuli were presented at room temperature.

Smell assessment
Participants completed the University of Pennsylvania Smell 
Identification Test (UPSIT) (Doty et  al. 1984), which contains 
40  “scratch and sniff” boxes with microencapsulated common 
odorants. Participants scratched the box with a pencil to release the 
odorant, sniffed the stimulus, and then indicated the text descriptor 
that best matched the perceived smell. Standardized UPSIT scores 

from normative data in published literature (Doty 1995) adjust the 
score for age and sex of the participant and define the participant’s 
corresponding percentile, which determines smell identification func-
tion. In addition, we assessed judgments of smell intensity during the 
tasting test (while participants were tasting cups with and without 
nose clips) using the gLMS.

Statistical analyses
For analyses of taste quality identification data, participants’ re-
sponses were stratified as “expected,” “unexpected,” or “no sen-
sation”. Expected identification included selecting mainly “sweet” 
for solutions of sucrose, “sour/bitter” for solutions of citric acid, 
“salty/umami” for solutions of sodium chloride in vegetable broth, 
and “bitter/sour” for solutions of coffee. We accepted more than 1 
taste quality as the expected response for some of the stimuli be-
cause people frequently confuse bitter with sour (Meiselman and 
Dzendolet 1967), and the vegetable broth used to prepare the salty 
solutions contained vegetables that have a weak umami taste.

To detect frequency differences in responses between the HNSCC 
and HC groups, we used omnibus chi-square analyses for 3 inde-
pendent samples (expected, unexpected, no sensation) for each solu-
tion and testing condition (tip of the tongue, whole mouth with nose 
clip, whole mouth without nose clip), followed by Fisher’s Exact tests 
to determine where the difference occurred (Shan and Gerstenberger 
2017). In cases where a chi-square test was not appropriate (no ob-
servations in a particular cell, or the number of observations in 20% 
of the cells was less than 5), we used the Freeman–Halton exten-
sion of the Fisher’s Exact test for a 2 × 3 contingency instead of the 
chi-square test (http://vassarstats.net/fisher2x3.html).

Taste intensity data in the tip of the tongue and smell intensity 
(when samples were tasted in the whole mouth without wearing 
nose clip) were analyzed by separate mixed 2-way analyses of vari-
ance (ANOVAs) for each taste stimulus, using group (HNSCC vs. 
HC) as the between-subjects factor and concentration (low vs. high) 
as the within-subject factor. We considered and selected the highest 
rated quality between sour and bitter for solutions containing caf-
feine or citric acid, salty, and umami for solutions containing so-
dium chloride and sweet for solutions containing sucrose. For taste 
intensity data in the whole mouth, we used separate mixed 3-way 
ANOVAs for each taste stimulus using group (HNSCC vs. HC) as the 
between-subjects factor and nose clip condition (with and without 
nose clip) and concentration (low vs. high) as the within-subject fac-
tors. Finally, a 1-way ANOVA was used to determine whether groups 
(HNSCC vs. HC) differed in their ability to identify odorants (UPSIT 
scores). All parametric analyses were performed in Statistica v.13.3 
(TIBCO Software Inc.), and the criterion for significance in all ana-
lyses was set at α = 0.05.

Results

Participant characteristics
We evaluated 40 HNSCC survivors (mean age, 63 ± 12 years, 24 
males) and 20 HC participants who were equivalent in age, sex, race, 
smoking history, and body mass index (58  ± 14  years, 11 males; 
Table 1). The mean time from treatment to testing for the HNSCC 
group was 3 ± 2 years (range: 0.5–8.4 years). This mean time from 
treatment was calculated from 35 of 40 HNSCC survivors because, 
although all survivors received treatment within the range used for 
inclusion in the study, we did not have the exact date of treatment 
for 5 of them. All HNSCC received radiation therapy and 60% re-
ceived concurrent chemotherapy (Table 1).

http://vassarstats.net/fisher2x3.html
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Taste quality identification
When taste perception was assessed at the tip of the tongue, com-
pared with the HC group the HNSCC survivors were more likely to 
respond “no sensation” or to misidentify the taste quality for sev-
eral stimuli (low sucrose and low sodium chloride: both: P < 0.01 
low and high caffeine: both P  <  0.05; Figure 1). However, when 
participants were evaluated using the whole-mouth procedure, only 
1 difference was observed between the groups: HNSCC survivors 
were more likely to misidentify or perceive no taste sensation from 
the low caffeine solution when using the nose clip (i.e., deprived of 
retronasal smell; P < 0.01). When taste was assessed using the whole 
mouth without a nose clip, there were no significant differences be-
tween groups in the identification of taste qualities of any of the so-
lutions (P > 0.05; Figure 1). Data on taste quality identification at the 
tip of the tongue for 1 participant with HNSCC were not available 
due to technical difficulties when performing the regional test, due to 
tongue anatomic consequences of the treatment.

Taste intensity ratings
Compared with the HC group, the HNSCC group perceived less in-
tensity from the caffeine solutions when assessed at the tip of the 
tongue (F(1,57) = 4.79; P = 0.03). However, there were no other statis-
tically significant differences between groups in their intensity ratings 
for the other solutions, either regionally (Figure 2) or in the whole 
mouth (Supplementary Figure 1). Ratings of expected responses in-
creased with increasing concentrations of sucrose, citric acid, and 
caffeine similarly in both groups (main effect of concentration for 
all stimuli, P < 0.02).

Perception of sweetness of sucrose solutions, sourness/bitterness 
of citric acid solutions, saltiness/umaminess of NaCl solutions, and 
bitterness/sourness of caffeine solutions was similarly enhanced in 
both groups when solutions were tasted without a nose clip (main 
effect of nose clip condition for all stimuli, P  <  0.005; Figure 3). 
There were no significant group × concentration, group × nose clip, 

or group × concentration × nose clip interactions in taste intensity 
ratings.

Smell intensity
Ratings of smell intensity when tasting caffeine solutions were lower 
for the HNSCC group than for the HC group (F(1,58) = 4.02; P = 0.05; 
Figure 4). There were no other statistically significant differences be-
tween the groups in their ratings of smell intensity for the other so-
lutions (data not shown). Ratings of smell intensity increased with 
increasing concentration for sucrose, citric acid, and caffeine solu-
tions similarly in both groups (Figure 5).

Smell identification
UPSIT mean scores did not differ significantly between HNSCC and 
HC groups (HNSCC = 32.5 ± 0.8, HC = 34.6 ± 1.17; F(1,58) = 2.001, 
P  =  0.16). Additionally, when adjusting UPSIT scores for norma-
tive sex and age data, there was no significant difference in the per-
centage of participants within each group who were classified as 
normosmic (HNC = 62.5%, HC = 80%; P = 0.24).

Discussion

The results of our cross-sectional study suggest that these HNSCC 
survivors experienced subtle differences in taste perception in the 
long term compared with the HC group. Although results from the 
taste test that involved stimulation of the whole mouth suggested 
that taste function was overall normal and well preserved which is in 
agreement with previous studies that solely used whole-mouth pro-
cedures, results from the regional test uncovered some taste deficits 
in HNSCC survivors. Relative to a healthy peer group, which was 
equivalent in age, sex, race, body mass index, and smoking history, 
HNSCC survivors were less likely to perceive a taste from and less 
likely to identify low concentrations of bitter, sweet, and salty stimuli 
in the anterior tongue. Differences in the sense of smell between 

Table 1. Characteristics of participants by study group

Characteristic HC group (n = 20) HNSCC group (n = 40) P value

Age, years (mean [SD]) 58 (14) 63 (12) 0.13
Body mass index, kg/m2 (mean [SD]) 27 (6) 26 (5) 0.37
Sex (n [%]) 0.71
 Male 11 (55) 24 (60)
 Female 9 (45) 16 (40)
Race (n [%]) 0.74
 White 18 (90) 37 (92.5)
 Other 2 (10) 3 (7.5)
Smoking status (n [%]) 0.85
 Current 1 (5) 2 (5)
 Former 10 (50) 23 (57.5)
 Never 9 (45) 15 (37.5)
Chemotherapy (n [%])
 Yes  24 (60)  
 No  16 (40)  
Primary tumor site (n [%])
 Oral cavity  19 (47.5)  
 Pharynx  18 (45)  
 Larynx  3 (7.5)  
Cancer stage (n [%])
 I  2 (5)  
 II  10 (25)  
 III  3 (7.5)  
 IV  25 (62.5)  
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groups were almost negligible and limited to a weaker perception of 
the smell of coffee in HNSCC survivors.

Declines in taste function in HNSCC survivors can result from 
damage at any step of the gustatory pathway: the taste buds, the per-
ipheral gustatory nerves, or the central nervous system (Bartoshuk 
et al. 2012; Barlow and Klein 2015; Yang et al. 2015; Chen et al. 

2019). For example, the fast turnover of taste bud cells (~10 days), 
which allows rapid recovery from injury (if stem cells are preserved), 
makes taste buds vulnerable to effects of chemotherapy (Kumari 
et  al. 2015; Castillo-Azofeifa et  al. 2017; Mukherjee et  al. 2017) 
and radiotherapy (Nguyen et al. 2012; Gaillard et al. 2019). These 
treatment modalities, via direct cytotoxic and antiproliferative 

Figure 1. Effect of group on taste identification of different solutions by testing condition. The cumulative percentage of participants in the HC group and in the 
HNSCC group who reported perceiving no taste sensation (white bars), a taste quality that was different than the 1 expected for the stimulus presented (unex-
pected taste; gray bars), or the expected taste quality (black bars) when sampling each of the solutions on the tip of the tongue (top row), in the whole mouth 
with nose clip on (middle row), or in the whole mouth with nose clip off (bottom row). *Significantly different from HC by χ 2 or 2 × 3 Freeman–Halton extension 
of the Fisher’s Exact test; P < 0.05. NaCl, sodium chloride. Note: sucrose solutions contained 0.78 g strawberry extract, and citric acid solutions, 0.78 g lemon 
extract; NaCl solutions were prepared in a vegetable broth, and caffeine solutions were prepared from instant coffee.

Figure 2. Regional taste intensity perception in HNSCC and HC groups. Taste intensity was measured using the general Labeled Magnitude Scale after applica-
tion of low (180 mM sucrose, 3.2 mM citric acid, 100 mM sodium chloride, or 1 mM caffeine; white bars) or high (700 mM sucrose, 32 mM citric acid, 320 mM 
sodium chloride, or 10 mM caffeine; gray bars) concentrations of tastants on the tip of the tongue. *Significantly different from HC by 2-way ANOVA, main effect 
of group; P < 0.05; there was also a main effect of concentration (low significantly different than high concentrations for all stimuli); P < 0.05. Data are mean 
values ± SEM. BD, barely detectable.
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effects, cause a loss of taste buds, which is associated with transient 
reduced taste (hypogeusia to ageusia) or altered taste (dysgeusia) 
(Comeau et al. 2001). Dysgeusia may also occur after HNC surgery, 
due to injury to the gustatory nerves (facial, glossopharyngeal, and/
or vagal) that innervate taste buds (Bartoshuk et al. 2012). In add-
ition, hyposalivation, another common side effect of radiotherapy, 
can contribute to impairments in taste perception, as taste stimuli 
need to be dissolved in saliva to interact with taste receptor cells 
(Kuten et al. 1986). Finally, mucositis-induced epithelial changes in 
the mouth can also affect taste perception, as high levels of inflam-
matory cytokines can induce taste cell death and inhibit taste bud 
cell renewal (Feng et al. 2014).

Our findings of a deficit in taste identification in the anterior 
tongue but normal taste function when stimulating the whole mouth 
suggest localized damage to the chorda tympani or to the taste buds 
in the fungiform papillae and underscore the importance of assessing 

taste function using both regional and whole-mouth taste presenta-
tion methods. It has been shown that reduced signal input from the 
anterior tongue can release central inhibition of the glossopharyngeal 
nerve, resulting in a net recovery of overall taste function when the 
whole mouth is assessed (Bartoshuk et al. 2012). However, these re-
gional taste dysfunction, which would go unnoticed when evaluating 
taste function using whole-mouth procedures, can lead to oral phan-
toms (Logan et al. 2008), burning mouth syndrome (Coculescu et al. 
2014), or the phenomenon of metallic taste (Reith and Spence 2020), 
which might underlie taste complaints reported by HNC survivors. 
We did not survey or assess participants to evaluate whether any of 
these taste phenomena were present, but future studies in this area 
are warranted.

Except for a reduced perception in the intensity of the smell of 
coffee solutions, smell function in HNSCC survivors was not dif-
ferent from the HC group either in UPSIT identification scores or 
in their judgment of smell intensity of aromas presented in solution. 
Previous studies that assessed smell function in HNC survivors found 
discrepant results (Supplementary Table 2). Depending on the char-
acteristics of HNC survivors studied (e.g., with or without radiation 
to the nasopharynx) and the methods used to evaluate smell func-
tion (e.g., detection thresholds or smell identification), studies found 
none to some dysfunction. Our findings agree with those of a small 
study that also used UPSIT to determine smell function and found 
it to be unaffected (Sandow et al. 2006). However, most studies that 
used detection threshold methods found decreased smell sensitivity 
in HNC survivors (Supplementary Table 2), suggesting that some 
subtle effects on smell function might also persist.

An innovative aspect of our study is that, in addition to as-
sessing taste and smell function separately, we explored whether 
sensory interactions between taste and retronasal odors differed be-
tween HNSCC survivors and the HC group. We found that HNSCC 

Figure 4. Reduced intensity of coffee smell in HNSCC survivors com-
pared with HCs. Smell intensity was measured using the general Labeled 
Magnitude Scale. *Significantly different from HC by 2-way ANOVA, main 
effect of group; P  <  0.05; there was also a main effect of concentration; 
P < 0.05. Data are mean values ± SEM. BD, barely detectable.

Figure 3. Retronasal enhancement of taste intensity (both groups combined). Taste intensity was measured using the general Labeled Magnitude Scale after par-
ticipants savored samples in their whole mouth under 2 testing conditions: with nose clip on, blocking retronasal smell, or nose clip off. *Significantly different 
from nose clip on by 3-way ANOVA, main effect of nose clip condition; P < 0.05; there was also a main effect of concentration (low significantly different than 
high concentrations for all stimuli); P < 0.05. Data are mean values ± SEM. BD, barely detectable. Note: sucrose solutions contained 0.78 g strawberry extract, 
and citric acid solutions, 0.78 g lemon extract; NaCl solutions were prepared in a vegetable broth, and caffeine solutions were prepared from instant coffee.
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survivors experienced enhancement of a gustatory stimulus by the 
presence of aromatic extracts of similar magnitude as experienced 
by the HC group. Interestingly, in agreement with findings from pre-
vious studies in healthy participants (Green et al. 2012; Veldhuizen 
et al. 2018), we found that the concurrent presentation of smell and 
taste stimuli in the mouth resulted on mutual enhancements of per-
ceived taste and smell intensity. That is, sucrose solutions were rated 
as sweeter, and citric acid solutions were rated as more sour/bitter, 
when not using the nose clip, allowing the aromatic extracts to be 
retronasally perceived, compared with when using nose clip, which 
blocks retronasal stimulation. Reciprocally, despite using the same 
amount of strawberry extract and lemon extract for the 2 concentra-
tions of sucrose and citric acid, respectively, the smell of strawberry 
and lemon was perceived as stronger for the higher sucrose or citric 
acid concentration.

The findings of our study should be interpreted considering some 
strengths and limitations. Among its strengths, our study design in-
cluded a HC group that was equivalent in many factors that can 
affect taste and smell function, such as sex, age, race, and smoking 
history. By matching study groups on these confounding variables, 
our findings place HNSCC survivors’ taste dysfunction into perspec-
tive relative to the function of their peers. Other strengths are the 
assessment of taste function using both regional and whole-mouth 
procedures, the assessment of taste perception in the presence and 
absence of retronasal stimulation (Feeney and Hayes 2014), and the 
inclusion of all basic tastes. Among its limitations, due to time con-
straints for the sensory study visit, we could include only 2 con-
centrations for each taste stimulus, and we did not assess smell 
detection thresholds. In addition, the HNSCC group consisted of 
a heterogeneous group who received several oncology treatments. 
Although all survivors received radiotherapy, we included a wide 
range of time since completion of the treatment and only some of 
them additionally received chemotherapy, which has specific effects 
on taste (Speck et al. 2013), smell (Yakirevitch et al. 2006; Riga et al. 
2015), and cognition (Steinbach et  al. 2011). Future studies with 

more homogeneous groups are needed to test specific oncology treat-
ment effects.

In conclusion, we found that while smell function and taste func-
tion in the whole mouth seemed to be generally well preserved in 
HNSCC survivors, subtle taste dysfunction in the anterior tongue 
persisted for several months after patients completed their oncology 
treatment. Future studies should determine if the regional taste dys-
function is associated with other oral symptoms, such as the presence 
of a metallic taste, burning mouth syndrome, or taste phantoms, and 
how such alterations might impact HNC survivors’ eating behavior.
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