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Simple Summary: The present review indicates that changes in food perception among head and
neck cancer patients constitute more than changes in taste perception, but also changes in texture,
temperature, and other oral sensations (e.g., spiciness, cooling sensation, carbonation). Food does
not only carry physiological importance, but also conveys psychological and psychosocial values.
Therefore, a comprehensive assessment of cancer patients’ food perception will allow the develop-
ment of personalised dietary interventions to provide a more pleasant eating experience and im-
prove their quality of life.

Abstract: Food-related sensory alterations are prevalent among cancer patients and negatively im-
pact their relationship with food, quality of life, and overall health outcome. In addition to taste and
smell, food perception is also influenced by somatosensation comprising tactile, thermal, and che-
mesthetic sensations; yet studies on oral somatosensory perception of cancer patients are lacking to
provide patients with tailored nutritional solutions. The present review aimed to summarise find-
ings on the oral somatosensory perception of head and neck cancer (HNC) patients and the potential
aetiologies of somatosensory alterations among this population. Subjective assessments demon-
strated alterations in oral somatosensory perception such as sensitivity to certain textures, spices,
and temperatures. Physiological changes in oral somatosensation have been observed through ob-
jective assessments of sensory function, showing reduced localised tactile function and thermal sen-
sitivity. Changes in whole-mouth tactile sensation assessed using texture discrimination and stere-
ognosis ability seem to be less evident. Available evidence indicated oral somatosensory alterations
among HNC patients, which may affect their eating behaviour, but more studies with larger sample
sizes and standardised assessment methods are needed. Unlike other types of cancers, sensory al-
terations in HNC patients are not only caused by the treatments, but also by the cancer itself, alt-
hough the exact mechanism is not fully understood. Prevalent oral complications, such as xerosto-
mia, dysphagia, mucositis, and chemosensory alterations, further modify their oral condition and
food perception. Oral somatosensory perception of cancer patients is an under-investigated topic,
which constitutes an important avenue for future research due to its potential significance on eating
behaviour and quality of life.

Keywords: sensory alterations; oral somatosensory perception; nutrition; eating behaviour; cancer
treatment; quality of life
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1. Introduction

Food-related sensory alterations are common side effects of head and neck cancer
(HNC) and its treatments [1-3]. It has adverse implications on nutritional outcomes and
overall quality of life. In HNC patients, as well as in other types of cancers, sensory alter-
ations are linked with reduced appetite and diminished food appreciation [4-6], altered
food relationships [7,8], and changed patterns of food selection [8,9]. Sensory alterations
have also been associated with reduced food intake [5,10,11], weight loss [5,10,12,13] and
declined quality of life [14,15].

Taste and smell alterations are prevalent among HNC patients. Taste alterations were
observed in 96% and 79% of radiated patients when assessed using subjective and objec-
tive methods, respectively [16]. Similarly, a greater prevalence of taste impairment was
reflected by subjective measurements relative to objective measurements in a longitudinal
study [6]. Objective assessments of taste function involve measurement of sensitivity to
basic taste (sweet, sour, salty, bitter, umami) solutions, whereas subjective assessments
rely on self-reported questionnaires. In the latter, “taste” is often (inaccurately) used as a
colloquial term to refer to food perception as a whole, although taste only represents the
five basic taste aspects of food perception [17]. The term taste is also often used to express
the entire eating experience including the hedonic aspect [7,9]. On the other hand, smell
alterations are underreported when measured using the subjective method (30-60%) com-
pared to the objective method (0-100%) [18]. Therefore, the prevalent taste alterations ex-
perienced by cancer patients may not simply indicate alterations in the gustatory function,
but may encompass alterations in other dimensions of food perception.

Food perception is a complex sensation which involves a cross-modal interplay be-
tween gustation, olfaction, and somatosensation. In addition to taste molecules, various
receptors in the oral cavity also detect somatosensory stimuli consisting of tactile, thermal,
and nociceptive stimulations. These stimuli are relayed predominantly via the trigeminal
nerve to the central nervous system where they are translated into the perception of tex-
ture, temperature, and chemesthesis (e.g., irritation or burning of chilli, cooling of pep-
permint, tingling of carbonated drinks). Taste and smell information is integrated with
oral somatosensory information in the multimodal regions of the central nervous system
to form a complete picture of food perception [19-21]. Research on multisensory percep-
tion provided ample evidence of the importance of oral-somatosensation in overall food
perception and the interrelation of somatosensory with chemosensory processing [19,22].
Hence, alterations in one of the sensory functions will modify the entire food perception
and eating experience [22].

Studies on sensory alterations among cancer patients predominantly revolve around
taste and smell, yet knowledge about their oral-somatosensory perception is relatively
unexplored. To define strategies for alleviating food-related issues of HNC patients, there
is a need for a comprehensive understanding of their food perception. Qualitative studies
observed that in addition to taste and smell alterations, patients also reported somatosen-
sory-related complaints [7,23]. However, it is unclear whether these alterations result from
a perceptual origin related to the existing taste and/or smell alterations, or if there are
physical and physiological changes in the somatosensory processing. The present paper
aims to summarise the current evidence on the poorly understood oral somatosensory
alterations in HNC patients and discuss some possible aetiologies.

2. Evidence of Oral Somatosensory Alterations in Head and Neck Cancer Patients

Taste and smell alterations are well-documented symptoms experienced by HNC pa-
tients [6,16,18]. However, limited studies have investigated the oral somatosensory per-
ception of HNC patients.

2.1. Subjective Perception of Oral Somatosensory Alterations in Head and Neck Cancer Patients

Descriptive studies explored the eating behaviour of HNC patients using self-re-
ported questionnaires and interviews; these studies not only explored their taste and smell
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perception, but also other aspects of food perception [7]. HNC patients experienced vari-
ous alterations related to oral somatosensory perception. A study on HNC survivors (n =
88) reported that they experienced higher sensitivity to spicy foods (27.3%), texture
(27.3%), and temperature (2.3%), but 8% reported adding extra pepper and hot sauce to
enhance the food [23]. The majority of the participants (77.2%) were interviewed more
than a year after their treatments, yet the sensory complaints continued to persist. Similar
findings were also reported in a study in which patients complained about sticky mouth-
feel, difficulties in consuming food with certain textures (dry and hard food), and altered
sensitivity to spices due to oral pain [7]. In a study through food-play workshops with
HNC survivors, changes in chemesthetic-related experiences were also reported. Some
patients developed an aversion while others developed a preference for spicy food [24].
These studies also highlighted that eating turned into an active and effortful activity due
to oral pain and fear of choking, altogether leading to lowered quality of life.

Findings on subjective perception of oral somatosensory alteration in head and neck
cancer patients provided valuable insights in defining the specific problems they faced,
allowing potential optimisation of their meals. However, objective assessments of their
oral somatosensory functions are necessary to characterise physiological changes and the
causes of these changes. Thus, psychophysical methods have been used to gain insight
into the changes in tactile and thermal sensations in HNC patients (Table 1). These objec-
tive assessment methods allow quantification of the relationship between physical stimuli
and the perceptions they produce [25].

Table 1. Summary of psychophysical studies investigating oral somatosensory perception in head
and neck cancer patients.

Tumour Subsite,

Reference Population Treatment Sensory Tests Findings
Aviv et al. HNC patients 12-36 mo after Tonsil or - Two-point discrimination Radiated HNC patients were less sensitive in
RT (n = 20), control (1 = 90). nasopharynx, . .
1992 [26] . (tongue and floor of mouth) oral tactile acuity test than the control group
Cross-sectional RT
- Point pressure All patients with lingual nerve disruption exhib-
‘ HNC patients (1 = 30), Tongue, - Two—poir}t d%sc?imi.natior.l ited significantly poorer 0u~tCC{mes‘ in the point
Elfring et al. . .,,. - Hot/cold discrimination with  pressure test, 2-point discrimination test, and
control (1 = 30). surgery with or with- . e
2012 [27] . dental mirrors 55 and 3°C hot/cold discrimination test.
Cross-sectional out RT or CT S . . . e
- Texture discrimination of resin No difference in texture discrimination, less con-
- Stereognosis clusive for oral stereognosis
HNC patients (n=34),  Oral cavity and oro- . . .
Bearelly et al. patients (1 ) ral AV andorem_ point pressure (tongue, buccal Elevated sensory threshold in patients compared
control (1 =23). pharynx,
2017 [28] . mucosa, soft palate) to the control group
Cross-sectional RT

Sensory recovery was significantly better with
innervated thigh flaps than non-innervated ones
innervated (n = 13) free flaps . R . for all sensory modalities and better with inner-

( . ) P hemiglossectomy - Hot/cold discrimination with v .
reconstruction surgery. vated abdominis flaps than non-innervated ones
. cotton swabs . e
Cross-sectional for all modalities except thermal sensitivity.

HNC patients who received

. - Point-pressure
innervated (n = 15) and non- P

Kimata et al. Tongue, - Two-point discrimination

1999 [29]

Sensation of intact tongue tissue after reconstruc-
tion of the hemitongue did not differ from con-
trols. Although some sensory ability was re-

- Point-pressure test

HNC patients with inner- e
- Two—pomt discrimination

vated free flap reconstruction

Loewen et al. Tongue, - Hot/cold discrimination with R y R
surgery (1 =38), . . stored to patients’ reconstructed tongue, differ-
2010 [30] hemiglossectomy dental mirrors . .
control (1 = 8). Texture discrimination with ences existed between the patient group and
Cross-sectional acrvlic resin controls. However, the texture discrimination
ability was comparable with controls.
y bility parable with 1
HNC patients (n =27),
trol (1 =20). Oral - Point test
Bodin et al. conro (n . ) . Tt or O PTESSUIe St Deterioration of tactile and thermal sensitivity at
Longitudinal (diagnosis, pharyngeal, - Hot/cold discrimination with
2004 [31] 6 mo after surgery
post-RT, 6 mo post-surgery,  RT and surgery metal rolls 44 and 28 °C

12 mo post-surgery)
HNC patients (n = 31),

The oral group did not show a decline in the

Bodin et al. control (n = 20). Pclr;iriyng;a: aer;d ?ori ! Stereognosis: hole size identifica-hole-size identification ability after radiotherapy,
1999 [32]  Longitudinal (before RT, af- g;NingR”l}"’ tion but did 6 mo after the surgery following RT. De-

ter RT, 6 mo after surgery terioration was persistent for 1 year after. The
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following RT, 12 mo after pharyngeal group did not change performance
surgery following RT) in hole-size identification at any time point.
HNC patients (1 = 30), The mere existence of a tumour did not affect
control (n = 20). shape-recognition abilities. RT caused some im-
. L Pharyngeal and oral . . .
Bodin et al. Longitudinal (before RT, af- . . . ... .. pairment of shape recognition, while the com-
cavity, surgery fol- Stereognosis: shape identification _ . .
2000 [33]  ter RT, 6 mo after surgery lowing RT bined effect of surgery following RT caused sig-

following RT, 12 mo after nificant deterioration. No effect of tumour loca-
surgery following RT) tion was observed.

CT: chemotherapy; HNC: head and neck cancer; RT: radiotherapy.

2.2. Alteration of Tactile Functions in Head and Neck Cancer Patients

The alteration of localised oral tactile sensation in HNC patients was studied by using
a point-pressure test and a two-point discrimination test. Point-pressure test measures the
lowest amount of pressure that can be detected, meanwhile the two-point discrimination
test measures the minimum distance at which two points of contact can be perceived as
two separate points. Studies employing these methods demonstrated lower localised tac-
tile sensations in HNC patients receiving radiotherapy [26,28] and surgery [27] relative to
the control group. In studies with HNC patients with hemiglossectomy, oral sensation on
intact and reconstructed tongue regions were assessed and compared with a control
group. It was revealed that the intact tongue region of patients had comparable tactile
sensitivity with the control group; however, a significant difference was observed be-
tween the reconstructed tongue region and the control group [30]. Similar findings were
shown by Kimata et al., revealing that patients who received adjunctive radiotherapy ex-
hibited the greatest impairment in oral tactile sensitivity [29].

In addition to the localised sensation, alteration of tactile functions was also observed
using whole-mouth stimulation methods. One method is by measuring the ability to dis-
criminate objects with different textures. HNC patients with hemiglossectomy showed a
comparable texture discrimination ability with the control group [30]. Similarly, only pa-
tients with lingual nerve cuts showed impairment in texture discrimination ability [27].
Texture perception requires innervation of the whole mouth; therefore, the intact tongue
region can compensate for the impaired tongue region in providing the sensory feedback.
The two studies also assessed oral stereognosis ability which is the ability to perceive and
recognise the form of an object in the mouth using tactile cues, in the absence of visual
information. It was shown that patients had compromised oral stereognosis ability com-
pared to the control group [30]. Meanwhile, the study by Elfring et al. showed that im-
paired stereognosis ability was only observed in two subgroups of patients: the group
with lingual nerve intact and the group with lingual nerve cable-grafted [27]. Although
oral stereognosis is also considered to be a whole-mouth stimulation method, it was sug-
gested that the assessment predominantly relies on sensory feedback from the tip of the
tongue which is impaired in patients who underwent hemiglossectomy [30].

The cross-sectional studies described above were conducted following cancer treat-
ments; it is uncertain whether the alterations in tactile functions are caused as side effects
of the treatments or if these alterations were present prior to the treatment. The longitu-
dinal studies tend to show a trend of reduced tactile functions associated with treatments
[31-33]. Localised tactile sensations of radiated patients were shown to decline six months
after radiotherapy [31]. Similarly, stereognosis ability was not affected by cancer itself as
demonstrated by the comparable performance in the shape-identification test between pa-
tient and control groups before treatments. Deteriorations were observed after radiother-
apy, and further deteriorations were associated with the combined effect of surgery fol-
lowing radiotherapy in both oral and pharyngeal cancer groups [33]. Meanwhile, using a
hole-size identification test, radiotherapy did not seem to affect stereognosis ability. Only
the oral cancer group showed a decline in ability following radiotherapy and surgery [32].
It is possible that the two stereognosis methods (shape identification test and hole size
identification test) may innervate different types or regions of mechanoreceptors and in-
volve different mechanisms of tactile perception.
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2.3. Alterations of Thermal Sensitivity in Head and Neck Cancer Patients

Altered thermal sensitivity was demonstrated by lower hot/cold discrimination abil-
ity in HNC patients. The hot/cold discrimination test measures one’s ability to differenti-
ate between hot and cold stimuli using various tools (e.g., dental mirrors, metal rolls, or
cotton swabs submerged in two different temperatures of water). Impaired thermal sen-
sitivity was observed in HNC patients receiving surgical treatments [27]. The intact
tongue region of patients had comparable thermal sensitivity with the control group;
however, a significant difference was observed between the reconstructed tongue region
and the control group [30]. The two studies showed indications that the impaired thermal
sensitivity was associated with surgical procedure; however, since the studies are cross-
sectional, it is not possible to confirm if the impairment occurred following the surgery or
if it was already present before the surgery. In a longitudinal study, it was demonstrated
that thermal sensitivity remained unchanged after radiotherapy, but deteriorated six
months after surgery following radiotherapy [31]. It could not be confirmed whether the
impairment was due to the surgery itself or if it was a cumulative effect of radiotherapy
and surgery.

Taken together, altered somatosensory perception is caused not only by perceptual
changes, but also by physiological changes, as demonstrated by psychophysical studies.
The studies showed altered thermal sensitivity and localised tactile functions, but findings
for the whole-mouth tactile sensation (texture discrimination, stereognosis) are less con-
clusive. Altered sensitivity to chemesthetic sensations, such as spiciness (capsaicin), is not
uncommon among HNC patients, but psychophysical studies using chemesthetic stimuli
among cancer patients have not been reported. Therefore, it is not possible to ascertain
whether the possible alterations in chemesthetic perception are attributed to physiological
changes or merely a result of perceptual changes. More studies with larger sample sizes
and standard assessment methods are needed to estimate the prevalence and the severity
of somatosensory alterations. Studies associated the alterations with treatments rather
than with the cancer itself, yet more longitudinal studies are needed to specify when ex-
actly (and for how long) these alterations occur.

3. Aetiology of Oral Somatosensory Alterations in Head and Neck Cancer

To understand the causes of oral somatosensory alterations in HNC, it is necessary
to understand the physiology of sensory perception. The mechanism can be conceptually
divided into three stages: stimulation, transduction, and interpretation. First, food (i.e.,
stimulus) that enters the mouth stimulates various sensory receptors. The stimulus is
transduced into action potentials by ion-gated channels and conveyed to the central nerv-
ous system via the nerves. Finally, this leads to an encoding process of interpreting the
action potential into perception which also involves integration of the different sensory
modalities in the multimodal regions of the central nervous system [34]. Altered soma-
tosensory perception may occur if any of these processes are disrupted. Although the
pathophysiology of oral somatosensory alterations is poorly understood, the following
section outlines the evidence for a range of possible aetiologies. Table 2 summarises the
physical and physiological changes associated with cancer and its treatments on soma-
tosensory perception.

Table 2. Overview of mechanisms in which cancer and its treatments alter oral somatosensation.

Mechanisms Peripheral Level Nerve Level

Cancerous Cells Disruption of regeneration of sensory receptor cells
Over-expression and sensitization of ion channels -

(e.g., TRPV1)
Tumour Disruption of mucosal receptors on sites of tumour ~ Compression of sensory
growth nerve on sites of tumour

growth
Surgery - Impairment on sensory nerve
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Radiotherapy Damage to papillae and mucosal sensory receptors -
Chemotherapy  Disruption of regeneration of sensory receptors -

TRPV1: Transient receptor potential vanilloid type 1.

3.1. Impact of Tumour and Cancer Inflammation on Oral Somatosensation in Head and Neck
Cancer Patients

The disease itself may alter oral somatosensory perception of HNC patients. As de-
scribed in Section 2.2, the decline in tactile sensitivity appears to be associated with the
treatments rather than the disease states, but there are possible mechanisms that the can-
cer itself may alter sensitivity to noxious stimuli. It can be a result of anatomical changes
where the primary tumour compresses surrounding nerves responsible for conveying
sensory information, or it damages the mucosal lining composed of sensory receptors [35].
It may also involve molecular changes, such as the activation of toll-like receptors and
interferon during inflammation, which may disrupt normal regeneration of sensory re-
ceptor cells [36].

Mechanistic studies using animal models have shown that HNC causes nociceptive
and thermal sensitisation through various mechanisms. Oral squamous cell carcinoma
can sensitise peripheral trigeminal nerve terminals via increased spontaneous firing of
lingual fibres, which may result in altered sensitivity [37]. Oral cancer may also alter sen-
sitivity to capsaicin and noxious heat due to overexpression of protease-activated recep-
tor-2, tumour necrosis factor-alpha, nerve growth factor, and adenosine triphosphate,
which can sensitise transient receptor potential vanilloid type 1 (TRPV1), an ion channel
responsible for the transduction of capsaicin and noxious heat [38]. Cancer cells also re-
lease a variety of pain mediators, such as bradykinin, cytokines, chemokines, nerve
growth factor, prostaglandins, and several vascular factors that can activate and sensitise
nociceptive primary afferents, resulting in intense and spontaneous pain commonly ex-
perienced by HNC patients [39—41]. These mechanistic studies provided indications of
physiological changes that can contribute to altered chemesthetic sensitivity; however,
there is insufficient published evidence to confirm this as there are no psychophysical
studies on chemesthetic sensitivity in HNC patients.

3.2. Impact of Cancer Treatments on Oral Somatosensation in Head and Neck Cancer Patients

In other types of cancer, it is suggested that the cancer in itself does not cause sensory
alterations, but rather the cancer treatments are the cause [17]. The treatments for HNC
are surgery, radiotherapy, and chemotherapy. Each treatment has potential impacts on
oral somatosensory perception of HNC patients through different mechanisms.

3.2.1. Impact of Surgery on Oral Somatosensation in Head and Neck Cancer Patients

Surgery can result in anatomical changes. Removal of cancerous tumours may in-
clude removal of key organs necessary for sensory perception, such as partial or total re-
moval of the tongue. If the surgery requires major tissue removal, such as jaw, skin, phar-
ynx, or tongue, reconstructive surgery may be done to replace the missing tissue; how-
ever, it does not guarantee total restoration of oral sensations. Reduced localised tactile
and thermal sensitivity have been observed following reconstructive surgery on the oral
cavity or pharynx [27,29-33]. This can be attributed to nerve impairment following the
surgery, as patients who underwent reconstructive surgery with innervated flaps dis-
played greater sensory recovery compared with patients who received the non-innervated
flaps [29]. Similarly, patients with a cut lingual nerve demonstrated significantly lower
tactile and thermal sensitivity, while those with an intact lingual nerve displayed compa-
rable sensitivity to the control group [27,31,32]. However, the texture discrimination abil-
ity, which requires whole mouth perception, was not affected [27,30].

Bartoshuk et al. [42] summarised that anaesthesia or mild damage to chorda tympani
resulted in elevated whole-mouth sensitivity, both taste and somatosensation. This phe-
nomenon is known as the release of inhibition or disinhibitory effect model, which
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proposes that in normal conditions, the two sensory nerves (glossopharyngeal nerve and
lingual nerve via chorda tympani) partially and mutually suppress one another. In the
event of anaesthesia or mild damage to one of the nerves, the central suppression will be
eliminated leading to a heightened sensitivity on the intact nerve, whereas extensive dam-
age or damage to both nerves leads to diminished perception [42].

3.2.2. Impact of Radiotherapy on Oral Somatosensation in Head and Neck Cancer
Patients

Cancer patients undergoing radiotherapy on the head and neck region may experi-
ence acute and chronic changes to their soft tissue, as well as transient and permanent
sensory alterations. HNC patients receiving radiotherapy showed lower oral tactile sensi-
tivity compared to healthy controls [26,28]; however, the mechanism is unclear. A possible
explanation is a reduction in the number of fungiform papillae which contain sensory re-
ceptors [43]. In a longitudinal study, HNC patients showed reduced taste sensitivity five
weeks after radiotherapy, with improvement by the 11* week [44]. The study also ex-
plored the underlying physiological mechanism using an animal model and showed that
radiotherapy not only damaged the taste buds, but also altered the papillae thickness.
Another study lends credence to the theory of papillae damage as a pertinent factor in
taste alterations following radiotherapy. It was found that the fungiform papillae of HNC
patients with taste disorders had thicker epithelia compared with healthy subjects [45].
As fungiform papillae are also responsible for thermal and tactile perception [46], it is
likely that the damage will also influence oral somatosensory perception. Oral somatosen-
sory decline can also be caused by radiotherapy-induced damage of mucosal sensory re-
ceptors located within the oral cavity and oropharynx [28].

3.2.3. Impact of Chemotherapy on Oral Somatosensation in Head and Neck Cancer
Patients

Studies investigating the effect of chemotherapy on oral somatosensory alterations
among HNC patients have not been reported, since it is uncommon for HNC patients to
receive chemotherapy as the only treatment. Findings on the effect of chemotherapy on
taste and smell alterations in various types of cancers are inconsistent, and there is insuf-
ficient evidence to conclude whether the taste and/or smell changes following chemother-
apy are attributed to perceptual or physiological changes [12,47].

A popular hypothesis on the effect of chemotherapy on various cancers is associated
with the cytotoxic agents, such as cisplatin and doxorubicin. These cytotoxic agents target
rapidly dividing cancer cells by disrupting their proliferating activity, but may also affect
other rapidly dividing cells including sensory receptor cells [35,48]. There is also evidence
of TRPV1 sensitisation following chemotherapy, resulting in heightened sensitivity to
capsaicin [49]. Another proposed mechanism is the inhibition of the hedgehog pathway,
which regulates and restores taste buds [50]. Inhibiting the hedgehog pathway using can-
cer drugs was shown to cause loss of taste buds, and consequently eliminating the relay
of taste information to sensory nerves. It was expected that the inhibition will also affect
somatosensory perception; however, it was shown that touch and temperature responses
stayed intact [51]. This is because the hedgehog signal blocking only eliminates taste buds,
but leaves the soma and nerve fibres intact [52].

3.3. Secondary Effects and Consequences of Treatment That Impact Oral Somatosensation in
Head and Neck Cancer Patients

There are several secondary effects and consequences that accompany cancer treat-
ments. Some of these effects directly influence oral conditions and may impact the oral
somatosensory perception. Xerostomia, dysphagia, mucositis, and chemosensory altera-
tions influence different aspects of somatosensory perception.

3.3.1. Impact of Xerostomia on Oral Somatosensation in Head and Neck Cancer Patients
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Xerostomia, which refers to the perception of dry mouth, is a prevalent adverse effect
reported by HNC patients. Damage to the salivary glands or the blood vessels and nerves
supplying the glands causes a reduction in salivary flow. It usually occurs as a side effect
of radiation and translates into sensations of dry mouth and thickened or stringy saliva
[53,54]. It was reported that 64% of long-term HNC survivors and 91.7% of HNC patients
receiving concurrent chemoradiotherapy experienced xerostomia [55,56]. Around 60% of
patients developed xerostomia during radiotherapy, which remained even after two years
[57]. Xerostomia is often accompanied by taste alterations, difficulty in speaking, in-
creased risk of caries, oral pain, and burning sensation [53]. Patients with xerostomia are
also more likely to experience swallowing difficulties, food sticking in the mouth and/or
throat, needing a water assist when swallowing, and a change in taste, which affects their
overall sensory perception and food enjoyment [54]. Textural and mouthfeel sensations,
such as viscosity, stickiness, creaminess, and astringency, were shown to be influenced by
the amount, composition, and buffering capacity of saliva [58]. Therefore, it is expected
that xerostomia will influence texture and mouthfeel perception of HNC patients.

3.3.2. Impact of Dysphagia on Oral Somatosensation in Head and Neck Cancer Patients

HNC patients reported dysphagia or swallowing difficulty among the adverse ef-
fects. Dysphagia is a multifactorial condition which can be caused as a side effect of sur-
gery and other cancer treatments [59]. Cancer in the head and neck region may result in
anatomical changes including reduction of pharyngeal or hypopharyngeal space, inconti-
nence of oral cavity, and alteration of pharyngeal peristalsis. These collectively result in
impaired swallowing function [60]. In addition, radiotherapy on the region was also
shown to cause dysphagia. A longitudinal study reported that at the onset of the radio-
therapy, 18% of patients developed dysphagia; this number increased to ~90% in the fifth
week, and persisted after two years for ~20% of the patients [57]. Another study reported
that 78.7% of HNC patients receiving concurrent chemoradiotherapy developed dyspha-
gia [55]. Dysphagia was associated with difficulties in eating certain food consistencies
and difficulties in managing dry food; therefore a lot of these patients required texture-
modified diets [59].

3.3.3. Impact of Mucositis on Oral Somatosensation in Head and Neck Cancer Patients

Mucositis occurs in the majority of patients receiving radiotherapy on the oral and
oropharyngeal mucosa. Mucositis is the lesion of oral mucosa specifically associated with
cytotoxic cancer therapy [61]. In its mild form, mucositis presents as mucosal erythema
accompanied by a burning sensation, but in its advanced stage, it presents as deep and
painful ulcerations of oral mucosa. In one study, it started to develop two weeks following
radiotherapy and by the fifth week, almost 90% of the patients had mucositis; this per-
sisted for two years in 60% of the patients [57]. It could also be a side effect of chemother-
apy via the proinflammatory cytokines [61]. Up to 74% of HNC patients receiving concur-
rent chemoradiotherapy developed mucositis [55]. Patients with mucositis are more likely
to be sensitive to spicy food and hot temperatures [62].

3.3.4. Impact of Chemosensory Alterations and Other Oral Complications on Oral Soma-
tosensation in Head and Neck Cancer Patients

Chemosensory alterations are common side effects experienced by HNC patients
[16,18]. Taste and/or smell alterations may contribute to oral somatosensory alteration
through the interrelation between the three modalities in the multimodal region of the
central nervous system [40]. A study showed that individuals with taste dysfunction also
displayed lower tactile acuity, suggesting a possible alteration in their texture perception
[63]. Other possible oral complications that may alter patients’ somatosensory perception
are summarised in Table 3.

Table 3. Summary of other oral complications influencing oral somatosensory perception.



Cancers 2023, 15, 718

9 of 13

Oral Description Influence on Oral
Manifestation P Perception

Condition of bone and mucosal breakdown after RT.
Incidence rate is 4-37% in HNC patients.
Osteoradi-  Mandible surgery and tooth extraction before RT, to- Chronic oral pain and irri-

onecrosis [1,64] bacco use, and treatment dose were associated with tation
the development of ORN
A collective term to describe masticatory pain and
Temporoman- yp Difficulty with certain tex-

dysfunction. A study showed that 68, 94, and 81% of
HNC patients had TMD before, 6 mo after treat-
ments, and 12 mo after treatments, respectively

dibular disorder
[65]

tures, oral pain, and dis-
comfort

Restricted mouth opening caused by radiation dam-
age on the temporomandibular joint, resulting in
scarring and fibrosis of pterygoid muscles and liga- Oral discomfort, difficulty
Trismus [66-68] ments. Prevalence among HNC patients ranges from chewing and swallowing
5-86% depending on tumour location, treatment, and  certain food textures
stage of treatment

A chronic syndrome is signified by recurrent facial
Trigeminal Neu- pain in the dermatome of the trigeminal nerve (fifth
ralgia [69]  cranial nerve). It is associated with nerve injury or le-
sion.

Heightened sensitivity to
temperature and trigemi-
nal sensation

Constant burning sensation or discomfort. Multifac-
Burning mouth tor, unclear aetiology may be caused by a damaged
syndrome [70] chorda tympani, nerve-stimulation phantoms

Intensified trigeminal sen-
sations, sensitivity to hot
temperature

Infection caused by fungi, bacterial, or viral due to

Opportunistic . . s .
PP disrupted homeostasis (RT, mucositis, hyposaliva-

infection (e.g.,
oral candidiasis)
[1,71]

Mucosal pain, dysphagia,
taste change, trigeminal
sensitivity, sensation of

coating in the mouth

tion) leading to dental caries (> 25% of patients re-
ceiving RT)

Pain and infection in jaw
bones, tooth loss, reduced
sensitivity to particles (tex-

ture), chewing difficulty

Loss of tooth-supporting tissue and alveolar bones.
Oral manifestation of RT through mucositis and
changes in oral microbiome

Periodontal dis-
ease [1]

ORN: Osteoradionecrosis; TMD: Temporomandibular disorder.

Oral-somatosensory alterations in HNC patients are caused by the cancer itself and
the various cancer treatments. Physical and physiological changes influence different lev-
els of sensory processing. In relation to the secondary effects of cancer treatments, oral
complications cause the oral cavity to be more sensitive to spices, noxious temperatures,
and certain textures (e.g., dry and hard textures), consequently, limiting their food choices
and food intake. To address these changes, it is beneficial to constantly monitor the oral
hygiene of patients to prevent worsening oral conditions, provide saliva replacement or
stimulants, and modify the sensory properties of meals based on their perception.

4. Conclusions and Future Perspectives

The current review focused on investigating oral somatosensory perceptions of HNC
patients in relation to food perception. Causal relationships have not been established be-
tween sensory alterations and nutritional outcomes. However, mounting evidence has
shown associations between sensory alterations on food perception and altered food in-
take. Sensory alterations, particularly taste and smell, have been associated with weight
loss, reduced food intake, and diminished quality of life. HNC patients experience altered
sensitivity to certain food textures, spices, and temperatures, but the experience varies
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between individuals. Objective assessments indicated reduced localised tactile function
and thermal sensitivity, but findings on chemesthetic sensitivity and whole-mouth sensa-
tion are less conclusive. Collectively, it seems evident that altered food perception does
not only constitute taste and smell aspects, but also the oral somatosensory aspect. How-
ever, more studies with larger sample sizes and standardised assessment methods are
needed to estimate the prevalence of oral somatosensory alterations among HNC patients.

In the case of HNC, the cancer site may influence oral somatosensory perception
through physiological changes due to its location directly involved in food intake. Mech-
anistic studies with murine models show indications that HNC triggers nociceptive sen-
sitisation through various pathways. Additionally, cancer treatments influence sensory
perception, including oral somatosensory perception, through disruption to the receptors
and nerve impairment, but the exact mechanism is not fully understood. Oral complica-
tions following the disease and treatments, such as xerostomia, dysphagia, mucositis, and
chemosensory alterations, result in altered oral conditions and perceptual changes which
further influence patients’ food perception.

Disorders of food perception are generally difficult to diagnose and treat as food per-
ception is not only influenced by the physiological state of sensory systems, but also by
the perceptual and hedonic aspects. Adding to the challenge, the multidimensionality of
sensory perception makes it difficult to disentangle an eating experience into individual
sensory modalities, yet the distinction is essential to address specific interventions. In ad-
dition to the aforementioned knowledge gaps, critical questions such as: the duration and
severity of oral somatosensory alteration, its correlation with taste and smell alterations,
as well as its significance on eating behaviour, remain to be investigated. Without enough
knowledge in this area, there is a limited basis for developing appropriate assessment
frameworks or potential interventions. The present review brings attention to the need for
a multidisciplinary perspective, as food perception is one of the key drivers affecting eat-
ing behaviour. Food does not only carry physiological importance, but also conveys psy-
chological and psychosocial values. Therefore, a comprehensive assessment of cancer pa-
tients” food perception will allow the development of personalised dietary interventions
to provide a more pleasant eating experience and improve their quality of life.

Author Contributions: Conceptualization, R.R.R., F.C., W.L.P.B,, A.G. and A.D.; writing—original
draft preparation, R.RR.; writing—review and editing, R.RR,, F.C.,, AB, W.LP.B,, CK, A.G. and
A.D. All authors have read and agreed to the published version of the manuscript.

Funding: A funding contribution was provided by National Association for Research and Technol-
ogy/ Association Nationale Recherche et Technologie (ANRT) (grant number: 2020/0876), Danone
Nutricia Research, and National League Against Cancer (Ligue Contre le Cancer), yet the content of
the work is the sole responsibility of the authors and does not necessarily represent the views of the
funders.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Sroussi, H.Y.; Epstein, ].B.; Bensadoun, R.J.; Saunders, D.P.; Lalla, R.V.; Migliorati, C.A.; Heaivilin, N.; Zumsteg, Z.S. Common
Oral Complications of Head and Neck Cancer Radiation Therapy: Mucositis, Infections, Saliva Change, Fibrosis, Sensory Dys-
functions, Dental Caries, Periodontal Disease, and Osteoradionecrosis. Cancer Med. 2017, 6, 2918-2931.
https://doi.org/10.1002/cam4.1221.

Epstein, ].B.; Thariat, ].; Bensadoun, R.-].; Barasch, A.; Murphy, B.A.; Kolnick, L.; Popplewell, L.; Maghami, E. Oral Complica-
tions of Cancer and Cancer Therapy. CA. Cancer ]. Clin. 2012, 62, 400-422. https://doi.org/10.3322/caac.21157.

Talwar, B. Head and Neck Cancer. In Nutrition and Cancer; Shaw, C., Ed.; John Wiley & Sons: New York, NY, USA, 2010; pp.
188-220.

Dalton, J.; Rothpletz-Puglia, P.; Epstein, ].B.; Rawal, S.; Ganzer, H.; Brody, R.; Byham-Gray, L.; Touger-Decker, R. Transitioning
the Eating Experience in Survivors of Head and Neck Cancer. Support. Care Cancer 2022, 30, 1451-1461.
https://doi.org/10.1007/s00520-021-06526-w.



Cancers 2023, 15, 718 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

Hutton, J.L.; Baracos, V.E.; Wismer, W.V. Chemosensory Dysfunction Is a Primary Factor in the Evolution of Declining Nutri-
tional Status and Quality of Life in Patients With Advanced Cancer. ]. Pain Symptom Manag. 2007, 33, 156-165.
https://doi.org/10.1016/j.jpainsymman.2006.07.017.

Messing, B.P.; Ward, E.C.; Lazarus, C.; Ryniak, K.; Maloney, J.; Thompson, C.B.; Kramer, E. Longitudinal Comparisons of a
Whole-Mouth Taste Test to Clinician-Rated and Patient-Reported Outcomes of Dysgeusia Postradiotherapy in Patients with
Head and Neck Cancer and Associations with Oral Intake. Head Neck 2021, 43, 2159-2177. https://doi.org/10.1002/hed.26690.
Burges Watson, D.L.; Lewis, S.; Bryant, V.; Patterson, J.; Kelly, C.; Edwards-Stuart, R.; Murtagh, M.].; Deary, V. Altered Eating:
A Definition and Framework for Assessment and Intervention. BMIC Nutr. 2018, 4, 14. https://doi.org/10.1186/s40795-018-0221-
3.

Ganzer, H.; Touger-Decker, R.; Byham-Gray, L.; Murphy, B.A.; Epstein, ].B. The Eating Experience after Treatment for Head
and Neck Cancer: A Review of the Literature. Oral Oncol. 2015, 51, 634—-642. https://doi.org/10.1016/j.oraloncology.2015.04.014.
Boltong, A.; Keast, R.; Aranda, S. Experiences and Consequences of Altered Taste, Flavour and Food Hedonics during Chemo-
therapy Treatment. Support. Care Cancer 2012, 20, 2765-2774. https://doi.org/10.1007/s00520-012-1398-7.

Brisbois, T.D.; De Kock, LH.; Watanabe, S.M.; Baracos, V.E.; Wismer, W.V. Characterization of Chemosensory Alterations in
Advanced Cancer Reveals Specific Chemosensory Phenotypes Impacting Dietary Intake and Quality of Life. J. Pain Symptom
Manag. 2011, 41, 673-683. https://doi.org/10.1016/j.jpainsymman.2010.06.022.

Snchez-Lara, K.; Sosa-Snchez, R.; Green-Renner, D.; Rodriguez, C.; Laviano, A.; Motola-Kuba, D.; Arrieta, O. Influence of Taste
Disorders on Dietary Behaviors in Cancer Patients under Chemotherapy. Nutr. J. 2010, 9, 15. https://doi.org/10.1186/1475-2891-
9-15.

Coa, K.I; Epstein, ].B.; Ettinger, D.; Jatoi, A.; McManus, K.; Platek, M.E.; Price, W.; Stewart, M.; Teknos, T.N.; Moskowitz, B. The
Impact of Cancer Treatment on the Diets and Food Preferences of Patients Receiving Outpatient Treatment. Nutr. Cancer 2015,
67, 339-353. https://doi.org/10.1080/01635581.2015.990577.

Jin, S; Lu, Q.; Jin, S.; Zhang, L.; Cui, H.; Li, H. Relationship between Subjective Taste Alteration and Weight Loss in Head and
Neck Cancer Patients Treated with Radiotherapy: A Longitudinal Study. Eur. ]. Oncol. Nurs. 2018, 37, 43-50.
https://doi.org/10.1016/j.ejon.2018.10.003.

Irune, E.; Dwivedi, R.C; Nutting, C.M.; Harrington, K.J. Treatment-Related Dysgeusia in Head and Neck Cancer Patients. Can-
cer Treat. Rev. 2014, 40, 1106-1117. https://doi.org/10.1016/j.ctrv.2014.06.011.

de Vries, Y.C.; Boesveldt, S.; Kelfkens, C.S.; Posthuma, E.E.; van den Berg, M.M.G.A.; de Kruif, ].T.C.M.; Haringhuizen, A;
Sommeijer, D.W.; Buist, N.; Grosfeld, S.; et al. Taste and Smell Perception and Quality of Life during and after Systemic Therapy
for Breast Cancer. Breast Cancer Res. Treat. 2018, 170, 27-34. https://doi.org/10.1007/s10549-018-4720-3.

Gunn, L.; Gilbert, J.; Nenclares, P.; Soliman, H.; Newbold, K.; Bhide, S.; Wong, K.H.; Harrington, K.; Nutting, C. Taste Dysfunc-
tion Following Radiotherapy to the Head and Neck: A Systematic Review. Radiother. Oncol. 2021, 157, 130-140.

Boltong, A.; Campbell, K. “Taste” Changes: A Problem for Patients and Their Dietitians. Nutr. Diet. 2013, 70, 262-269.
https://doi.org/10.1111/1747-0080.12101.

Alvarez-Camacho, M.; Gonella, S.; Campbell, S.; Scrimger, R.A.; Wismer, W. V A Systematic Review of Smell Alterations after
Radiotherapy for Head and Neck Cancer. Cancer Treat. Rev. 2017, 54, 110-121.

Spence, C. Multisensory Flavour Perception. In Flavour: From Food to Perception; John Wiley & Sons: New York, NY, USA, 2016;
pp- 373-394 ISBN 9781118929414.

Simon, S.A.; De Araujo, LE.; Stapleton, ].R.; Nicolelis, M.A.L. Multisensory Processing of Gustatory Stimuli. Chemosens. Percept.
2008, 1, 95-102. https://doi.org/10.1007/s12078-008-9014-4.

Engelen, L. Oral Receptors. In Food Oral Processing: Fundamentals of Eating and Sensory Perception; John Wiley & Sons: New York,
NY, USA, 2012; pp. 15-43 ISBN 9781444360943.

Small, D.M. Flavor Is in the Brain. Physiol. Behav. 2012, 107, 540-552. https://doi.org/10.1016/j.physbeh.2012.04.011.
McLaughlin, L.; Mahon, S.M. Taste Dysfunction and Eating Behaviors in Survivors of Head and Neck Cancer Treatment. Med-
Surg Nurs. 2014, 23, 165.

Crowder, S.L.; Najam, N.; Sarma, K.P.; Fiese, B.H.; Arthur, A.E. Head and Neck Cancer Survivors’ Experiences with Chronic
Nutrition Impact Symptom Burden after Radiation: A Qualitative Study. J. Acad. Nutr. Diet. 2020, 120, 1643-1653.
https://doi.org/10.1016/j.jand.2020.04.016.

Gabbiani, F.; Cox, S.J. Relating Neuronal Responses and Psychophysics. In Mathematics for Neuroscientists; Academic Press:
Cambridge, MA, USA, 2017; pp. 463-473, ISBN 9780128018958.

Aviv, J.E.; Hecht, C.; Weinberg, H.; Dalton, J.F.; Urken, M.L. Surface Sensibility of the Floor of the Mouth and Tongue in Healthy
Controls and in Radiated Patients. Otolaryngol. Neck Surg. 1992, 107, 418-423. https://doi.org/10.1177/019459989210700313.
Elfring, T.T.; Boliek, C.A.; Seikaly, H.; Harris, J.; Rieger, ].M. Sensory Outcomes of the Anterior Tongue after Lingual Nerve
Repair in Oropharyngeal Cancer. J. Oral Rehabil. 2012, 39, 170-181. https://doi.org/10.1111/j.1365-2842.2011.02253 ..

Bearelly, S.; Wang, S.J.; Cheung, S.W. Oral Sensory Dysfunction Following Radiotherapy. Laryngoscope 2017, 127, 2282-2286.
https://doi.org/10.1002/lary.26591.

Kimata, Y.; Uchiyama, K,; Ebihara, S.; Kishimoto, S.; Asai, M.; Saikawa, M.; Ohyama, W.; Haneda, T.; Hayashi, R.; Onitsuka, T.;
et al. Comparison of Innervated and Noninnervated Free Flaps in Oral Reconstruction. Plast. Reconstr. Surg. 1999, 104, 1307-
1313.



Cancers 2023, 15, 718 12 of 13

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Loewen, L].; Boliek, C.A.; Harris, J.; Seikaly, H.; Rieger, ].M. Oral Sensation and Function: A Comparison of Patients with In-
nervated Radial Forearm Free Flap Reconstruction to Healthy Matched Controls. Head Neck 2010, 32, 85-95.
https://doi.org/10.1002/hed.21155.

Bodin, I; Jaghagen, E.L.; Isberg, A. Intraoral Sensation before and after Radiotherapy and Surgery for Oral and Pharyngeal
Cancer. Head Neck 2004, 26, 923-929. https://doi.org/10.1002/hed.20077.

Bodin, I; Lind, M.G.; Henningsson, G.; Isberg, A. Deterioration of Intraoral Hole Size Identification after Treatment of Oral and
Pharyngeal Cancer. Acta Otolaryngol. 1999, 119, 609-616. https://doi.org/10.1080/00016489950180874.

Bodin, I.; Magnus, L.; Gunilla, H.; Isberg, A. Deterioration of Intraoral Recognition of Shapes after Treatment of Oral and Phar-
yngeal Cancer. Otolaryngol. Head Neck Surg. 2000, 122, 584-589. https://doi.org/10.1016/s0194-5998(00)70108-2.

Chen, J. Food Oral Processing: Some Important Underpinning Principles of Eating and Sensory Perception. Food Struct. 2014, 1,
91-105. https://doi.org/10.1016/]. FOOSTR.2014.03.001.

Togni, L.; Mascitti, M.; Vignigni, A.; Alia, S.; Sartini, D.; Barlattani, A.; Emanuelli, M.; Santarelli, A. Treatment-related Dysgeusia
in Oral and Oropharyngeal Cancer: A Comprehensive Review. Nutrients 2021, 13, 3325. https://doi.org/10.3390/nu13103325.
Wang, H.; Zhou, M.; Brand, J.; Huang, L. Inflammation and Taste Disorders: Mechanisms in Taste Buds. In Proceedings of the
Annals of the New York Academy of Sciences; Blackwell Publishing Inc., 2009; Vol. 1170, pp. 596-603.

Grayson, M.; Furr, A.; Ruparel, S. Depiction of Oral Tumor-Induced Trigeminal Afferent Responses Using Single-Fiber Electro-
physiology. Sci. Rep. 2019, 9, 4574. https://doi.org/10.1038/s41598-019-39824-9.

Scheff, N.N.; Wall, LM.; Nicholson, S.; Williams, H.; Chen, E.; Tu, N.H.; Dolan, J.C.; Liu, C.Z.; Janal, M.N.; Bunnett, N.W._; et al.
Oral Cancer Induced TRPV1 Sensitization Is Mediated by PAR2 Signaling in Primary Afferent Neurons Innervating the Cancer
Microenvironment. Sci. Rep. 2022, 12, 4121. https://doi.org/10.1038/s41598-022-08005-6.

Lam, D.K.; Schmidt, B.L. Orofacial Pain Onset Predicts Transition to Head and Neck Cancer. Pain 2011, 152, 1206-1209.
https://doi.org/10.1016/j.pain.2011.02.009.

Baral, P.; Udit, S.; Chiu, .M. Pain and Immunity: Implications for Host Defence. Nat. Rev. Immunol. 2019, 19, 433-447.
https://doi.org/10.1038/s41577-019-0147-2.

Sessle, B.]. Mechanisms of Oral Somatosensory and Motor Functions and Their Clinical Correlates. J. Oral Rehabil. 2006, 33, 243—
261.

Bartoshuk, L.M.; Catalanotto, F.; Hoffman, H.; Logan, H.; Snyder, D.]J. Taste Damage (Otitis Media, Tonsillectomy and Head
and Neck Cancer), Oral Sensations and BMI. Physiol. Behav. 2012, 107, 516-526. https://doi.org/10.1016/j.physbeh.2012.06.013.
Mirza, N.; Machtay, M.; Devine, P.A.; Troxel, A.; Abboud, S.K.; Doty, R.L. Gustatory Impairment in Patients Undergoing Head
and Neck Irradiation. Laryngoscope 2008, 118, 24-31. https://doi.org/10.1097/MLG.0b013e318155a276.

Yamashita, H.; Nakagawa, K.; Tago, M.; Nakamura, N.; Shiraishi, K.; Eda, M.; Nakata, H.; Nagamatsu, N.; Yokoyama, R.; Oni-
mura, M., et al. Taste Dysfunction in Patients Receiving Radiotherapy. Head Neck 2006, 28, 508-516.
https://doi.org/10.1002/hed.20347.

Just, T.; Pau, HW.; Bombor, L; Guthoff, R.F.; Fietkau, R.; Hummel, T. Confocal Microscopy of the Peripheral Gustatory System:
Comparison between Healthy Subjects and Patients Suffering from Taste Disorders during Radiochemotherapy. Laryngoscope
2005, 115, 2178-2182. https://doi.org/10.1097/01.MLG.0000181502.07160.86.

Mistretta, C.M.; Bradley, R.M. The Fungiform Papilla Is a Complex, Multimodal, Oral Sensory Organ. Curr. Opin. Physiol. 2021,
20, 165-173.

Boltong, A.; Keast, R. The Influence of Chemotherapy on Taste Perception and Food Hedonics: A Systematic Review. Cancer
Treat. Rev. 2012, 38, 152-163. https://doi.org/10.1016/j.ctrv.2011.04.008.

Zabernigg, A.; Gamper, E.; Giesinger, ].M.; Rumpold, G.; Kemmler, G.; Gattringer, K.; Sperner-Unterweger, B.; Holzner, B. Taste
Alterations in Cancer Patients Receiving Chemotherapy: A Neglected Side Effect? Omncologist 2010, 15, 913-920.
https://doi.org/10.1634/theoncologist.2009-0333.

Reith, AJM. Spence, C. The Mystery of “Metal Mouth” in Chemotherapy. Chem. Senses 2020, 45, 73-84.
https://doi.org/10.1093/chemse/bjz076.

Murtaza, B.; Hichami, A.; Khan, A.S.; Ghiringhelli, F.; Khan, N.A. Alteration in Taste Perception in Cancer: Causes and Strate-
gies of Treatment. Front. Physiol. 2017, 8, 134.

Mistretta, C.M.; Kumari, A. Tongue and Taste Organ Biology and Function: Homeostasis Maintained by Hedgehog Signaling.
Annu. Rev. Physiol. 2017, 79, 335-356. https://doi.org/10.1146/annurev-physiol-022516-034202.

Mistretta, C.M.; Kumari, A. Hedgehog Signaling Regulates Taste Organs and Oral Sensation: Distinctive Roles in the Epithe-
lium, Stroma, and Innervation. Int. |. Mol. Sci. 2019, 20, 1341.

Do Nascimento, M.L.; de Farias, A.B.S.; Carvalho, A.T.; de Albuquerque, R.F.; Ribeiro, L.N.; Ledo, ].C.; Silva, LH.M. Impact of
Xerostomia on the Quality of Life of Patients Submitted to Head and Neck Radiotherapy. Med. Oral Patol. Oral Cirugia Bucal
2019, 24, e770-e775. https://doi.org/10.4317/medoral.23131.

Logemann, J.A.; Pauloski, B.R.; Rademaker, A.W.; Lazarus, C.L.; Mittal, B.; Gaziano, ].; Stachowiak, L.; MacCracken, E.; New-
man, L.A. Xerostomia: 12-Month Changes in Saliva Production and Its Relationship to Perception and Performance of Swallow
Function, Oral Intake, and Diet after Chemoradiation. Head Neck 2003, 25, 432-437. https://doi.org/10.1002/hed.10255.

Wang, Y.; Lu, Q; Zhang, L.; Zhuang, B.; Zhang, T; Jin, S.; Sun, Y.; Xiao, S.; Zheng, B.; Fang, Y.; et al. Nutrition Impact Symptom
Clusters in Patients With Head and Neck Cancer Receiving Concurrent Chemoradiotherapy. J. Pain Symptom Manag. 2021, 62,
277-285. https://doi.org/10.1016/j.jpainsymman.2020.12.013.



Cancers 2023, 15, 718 13 of 13

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Dirix, P.; Nuyts, S.; Van den Bogaert, W. Radiation-Induced Xerostomia in Patients with Head and Neck Cancer. Cancer 2006,
107, 2525-2534. https://doi.org/10.1002/cncr.22302.

Langius, ].A.E.; Doornaert, P.; Spreeuwenberg, M.D.; Langendijk, J.A.; Leemans, C.R.; Schueren, M.A.E.V.B.D. Van Der Radio-
therapy on the Neck Nodes Predicts Severe Weight Loss in Patients with Early Stage Laryngeal Cancer. Radiother. Oncol. 2010,
97, 80-85. https://doi.org/10.1016/]. RADONC.2010.02.017.

Engelen, L.; de Wijk, R.A. Oral Processing and Texture Perception. In Food Oral Processing: Fundamentals of Eating and Sensory
Perception; John Wiley & Sons: New York, NY, USA, 2012; pp. 159-176 ISBN 3-540-25541-9.

Garcia-Peris, P.; Paron, L.; Velasco, C.; de la Cuerda, C.; Camblor, M.; Bretdn, 1.; Herencia, H.; Verdaguer, J.; Navarro, C.; Clave,
P. Long-Term Prevalence of Oropharyngeal Dysphagia in Head and Neck Cancer Patients: Impact on Quality of Life. Clin. Nutr.
2007, 26, 710-717. https://doi.org/10.1016/j.clnu.2007.08.006.

Denaro, N.; Merlano, M.C.; Russi, E.G. Dysphagia in Head and Neck Cancer Patients: Pretreatment Evaluation, Predictive Fac-
tors, and Assessment during Radio-Chemotherapy, Recommendations. Clin. Exp. Otorhinolaryngol. 2013, 6, 117-126.
https://doi.org/10.3342/CEO.2013.6.3.117.

Shankar, A.; Roy, S.; Bhandari, M.; Rath, G.K,; Biswas, A.S.; Kanodia, R.; Adhikari, N.; Sachan, R. Current Trends in Manage-
ment of Oral Mucositis in Cancer Treatment. Asian Pac. ]. Cancer Prev. 2017, 18, 2019-2026.
https://doi.org/10.22034/APJCP.2017.18.8.2019.

Sonis, S.T.; Costa, ].W. Oral Complications of Radiotherapy. In Holland-Frei Cancer Medicine, 6th ed.; Kufe, D.W., Pollock, R.E.,
Weichselbaum, R.R., Eds.; PMPH-USA: Cary, NC, USA, 2003.

Bogdanov, V.; Reinhard, ]J.; McGlone, F.; Haehner, A.; Simons, C.T.; Hummel, T. Oral Somatosensory Sensitivity in Patients
With Taste Disturbance. Laryngoscope 2021, 131, 2572-2577. https://doi.org/10.1002/lary.29843.

Aarup-Kristensen, S.; Hansen, C.R.; Forner, L.; Brink, C.; Eriksen, J.G.; Johansen, ]J. Osteoradionecrosis of the Mandible after
Radiotherapy for Head and Neck Cancer: Risk Factors and Dose-Volume Correlations. Acta Oncol. 2019, 58, 1373-1377.
https://doi.org/10.1080/0284186X.2019.1643037.

Pauli, N.; Mejersjo, C.; Fagerberg-Mohlin, B.; Finizia, C. Temporomandibular Disorder in Head and Neck Cancer Patients Un-
dergoing Radiotherapy: Clinical Findings and Patient-Reported Symptoms. Head Neck 2019, 41, 3570-3576.
https://doi.org/10.1002/hed.25878.

Loh, S.Y.; Mcleod, RW.J.; Elhassan, H.A. Trismus Following Different Treatment Modalities for Head and Neck Cancer: A
Systematic Review of Subjective Measures. Eur. Arch. Otorhinolaryngol. 2017, 274, 2695-2707.

Agarwal, P; Shiva Kumar, H.R.; Rai, K.K. Trismus in Oral Cancer Patients Undergoing Surgery and Radiotherapy. J. Oral Biol.
Craniofacial Res. 2016, 6, S9-S13. https://doi.org/10.1016/j.jobcr.2016.10.004.

Ray-Chaudhuri, A.; Shah, K.; Porter, R.J. The Oral Management of Patients Who Have Received Radiotherapy to the Head and
Neck Region. Br. Dent. ]. 2013, 214, 387-393.

Jones, M.R.; Urits, I; Ehrhardt, K.P.; Cefalu, ].N.; Kendrick, J.B.; Park, D.].; Cornett, E.M.; Kaye, A.D.; Viswanath, O. A Compre-
hensive Review of Trigeminal Neuralgia. Curr. Pain Headache Rep. 2019, 23, 74.

Madariaga, V.I; Tanaka, H.; Emberg, M. Psychophysical Characterisation of Burning Mouth Syndrome— A Systematic Review
and Meta-Analysis. J. Oral Rehabil. 2020, 47, 1590-1605. https://doi.org/10.1111/joor.13028.

Villafuerte, K.R.V.; Martinez, C. de J.H.; Dantas, F.T.; Carrara, HH.A.; dos Reis, F.].C.; Palioto, D.B. The Impact of Chemother-
apeutic Treatment on the Oral Microbiota of Patients with Cancer: A Systematic Review. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. 2018, 125, 552-566. https://doi.org/10.1016/j.0000.2018.02.008.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



