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Abstract

Background Taste and smell abnormalities (TSA) commonly occur in cancer and are associated with anorexia, early satiety,
malnutrition, weight loss and reduced quality of life. A recent study found a high TSA prevalence in newly diagnosed cancer
patients before treatment. This suggests that TSA may originate from the tumour itself. No previous study has examined TSA,
both subjectively and objectively, in newly diagnosed, treatment-naive cancer patients. This study aimed to address this gap.
Methods This prospective observational study recruited consecutive, newly diagnosed, treatment-naive patients with solid
tumours at Radiation Oncology Out-patients. Self-reported taste and smell changes since becoming ill were evaluated using
modified Taste and Smell Survey, and objective taste and smell tests were conducted using ‘Sniffin’ Sticks Olfactory Test® and
Burghart Taste Strips®. Nutritional status was assessed with abridged Patient-Generated Subjective Global Assessment.
Results Thirty completed the study. Seventy-four per cent had at least one TSA. Taste changes and/or abnormalities were more
prevalent than smell, and subjective taste changes more common than objective abnormalities. Although less common, smell
abnormalities impacted quality of life more. TSA characteristics were heterogeneous. Forty-seven per cent were at malnutrition
risk. No association was found between TSA and nutritional status.

Conclusions Over two thirds had at least one TSA and almost half were at malnutrition risk. Self-reported TSA included changes
in taste and smell perception, and most commonly persistent bad taste. This study demonstrated the complexity of TSA
assessment and the prevalence, severity and impact of these and related symptoms in treatment-naive cancer patients.
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Background

Taste and smell play an important role in food enjoyment, oral
nutrition and quality of life. Taste results from chemical stim-
ulation of mouth receptors for bitter, salty, sour, sweet and
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umami. Smell perception occurs from nasal olfactory receptor
neuron activation. When food enters the mouth, a combination
of'taste, smell and trigeminal signals occur and sensations like
texture and temperature are realised [1]. The close physiolog-
ical relationship between smell and taste has led to sugges-
tions they should be assessed concurrently [2]. A more recent
study concluded that smell had little influence on taste [3].
Distinct characteristics of taste and smell exist. Smell induces
appetite and flavour perception whereas taste is primarily a
nutrient sensing system [4]. Local and systemic physiological
changes in chronic illness affect taste and smell [5]. Age and
gender affect both; females have higher acuity. Acuity deteri-
orates with age, especially over 75 years [6].
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Taste and smell abnormalities (TSA) commonly occur in
all cancer stages and are among the most distressing symp-
toms in advanced disease [7]. They can be categorised as
changed or distorted perception [5]. Changes in taste percep-
tion include ageusia (no taste), hypogeusia (reduced) and
hypergeusia (enhanced). Taste distortions include dysgeusia
(bad taste) and hallucinations. Anosmia (no ability to smell),
hyposmia (reduced) and hypersomnia (enhanced) are the most
common smell disturbances. Smell distortions include
parosmia (incorrect perception) and phantosmia (perception
without odour). TSA influence food enjoyment and social
interactions. Loss of perception is associated with anorexia
which can be complicated by early satiety, malnutrition and
weight loss and worse quality of life [8—10].

The pathophysiology and characteristics of cancer TSA are
poorly understood. They may occur from the actual cancer,
from treatment (chemotherapy, medications, radiotherapy) or
from cancer-related complications (dry mouth, oral infection,
anaemia) or syndromes (para-neoplastic) [11]. Stage of dis-
ease and cancer type may also be important.

The presence, magnitude and impact of TSA are under-
recognised [12—14]. Clinical assessment is not routine. Taste
and smell can be measured subjectively and objectively.
Because no gold standard exists, various methods are used.
Few cancer studies have combined subjective and objective
evaluations of both taste and smell [15-17]. Objective mea-
sures focus on detection and recognition thresholds and can
identify reduced perception. They may more accurately reflect
impaired chemical stimulation than do the subjective mea-
sures [18]. Subjective self-reports are favoured by some, be-
cause they capture patient experience [8]. They may more
reliably predict dietary changes [19]. Limitations in subjective
measures are evident. Taste descriptors are poorly understood
and study participants have difficulty describing TSA [20, 21].
This may explain why they appear under-reported [19].

Reported prevalence and severity depend on assessment
method and disease stage. TSA have been reported during
radiotherapy (and persist afterwards) but there is insufficient
evidence that chemotherapy alone affects taste.
Chemotherapy can influence food preference independent of
taste [22]. TSA during chemotherapy may be influenced by
other symptoms like anorexia, early satiety, nausea and mouth
problems [21].

There is limited evidence that TSA may be tumour related
[23, 24]. In the treatment-naive, studies are limited and results
contradictory. Most studies used subjective measures only
[23, 25-27]. In many, only taste abnormalities were evaluated
and not smell. A recent study found a high prevalence of
subjective TSA in newly diagnosed cancer patients before
treatment, which suggests that TSA may originate from the
tumour itself rather than the treatment [23]. In a three-arm
study, taste disorder was examined in cancer patients (n =
42), acutely hospitalised inflammatory disease patients (n =
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57) and healthy controls (n=39). Cancer patients suffered
taste disorders irrespective of chemotherapeutic treatments
and cancer-related inflammation appeared to have a greater
impact on taste perception than an acute inflammatory process
[24].

No study has examined TSA, both subjectively and objec-
tively, in newly diagnosed, treatment-naive cancer patients.
This study aimed to address this gap. The primary objectives
were to assess the prevalence, characteristics and severity of
TSA and to compare subjective with objective TSA results.
Secondary objectives were to examine the relationship be-
tween TSA and concurrent symptoms and nutritional status.

Methods

This prospective observational study examined the character-
istics, prevalence and severity of TSA in consecutive newly
diagnosed, treatment-naive patients with solid tumours. It was
approved by the local research ethics committees at St James
Hospital and St Luke’s Hospital in Dublin. Consecutive pa-
tients who attended a radiation oncology outpatient clinic in a
large tertiary care teaching hospital were recruited at their first
referral appointment over a 5-month period (June—October
2016). Those considered too unwell to participate, with <
7 days to live or with an Eastern Co-operative Oncology
Group (ECOG) performance score of 4, were excluded [28].
Radiation oncologists identified eligible participants and in-
vited them to participate. Research nurses (PUiD, MB) met
eligible participants and provided detailed verbal and written
study information. Those willing to participate provided writ-
ten informed consent. Data collection was conducted by the
two research nurses (PUiD, MB) in a private consultation
room during the same visit. All measures were administered
and completed in 30-40 min. Participants refrained from eat-
ing, drinking and smoking for 1 hour beforehand.

Subjective measures
Taste and smell survey

A modified version of the Taste and Smell Survey (TSS)
assessed self-reported changes in taste and smell since the start
of'illness [29]. This self-administered survey, originally devel-
oped for HIV studies and used in several oncology studies [23,
26, 30], has not been validated for either population. The
original 16-item questionnaire was reduced to 12 (four ques-
tions about HIV drugs were omitted) for this study. Seven of
the 12 items related to taste and 5 to smell changes. Persistent
bad taste and changes in taste and smell perception were
assessed. One point was awarded for each taste or smell
change; another point if rated “rarely”/“sometimes” or
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“mild”/“moderate” and two points if rated “often”’/“always” or
“severe”/“incapacitating”. Total taste score range was 0 to 10
(0 =no change; 10 =multiple severe changes) and smell
scores ranged from 0 to 5 (0 =no change; 5 =many severe
changes). Higher scores indicated greater prevalence and/or
severity of taste or smell change. A combined subjective
chemosensory global complaint score (0—15) was then calcu-
lated. Two un-scored free text questions addressed TSA im-
pact on quality of life.

The Abridged Patient-Generated Subjective Global
Assessment (abPG-SGA) assessed nutritional status [31].
This validated nutrition screening tool has four components:
(1) weight history, (2) dietary intake, (3) nutritional impact
symptoms (NIS) and (4) functional status.

First current weight and height were measured for body
mass index (BMI) according to the World Health
Organisation BMI classification [32]. Percentage weight loss
was calculated from weight history at 1 or 6 months prior.
Second, dietary intake during the previous month was
assessed. The amount (“normal” or “> normal” =0; “< nor-
mal”=1) and type (“normal food, but < usual”=1; “little
solid food” =2; “liquid” or “nutritional supplements only” =
3; “very little of anything” = 4; “enteral/parenteral nutrition” =
0) of food consumed were scored. Thirdly, participants were
asked if the following NIS interfered with food intake in the
previous 2 weeks: anorexia, constipation, diarrhoea, dry
mouth, dysphagia, early satiety, fatigue, mouth sores, nausea,
pain, taste and smell problems and vomiting. Symptoms were
weighted (per abPG-SGA instructions) and scores per symp-
tom ranged from 1 to 3. Total possible scores for this section
were 0-24. Last, functional status was categorised by a nu-
merical scale of 0—4 (0 = normal activity with no limitations;
4 = completely disabled, rarely out of bed). Scores from each
component were combined for a total score. The minimum
total abPG-SGA score was 0 and the maximum 36. A total
> 6 indicated malnutrition risk.

Objective measures
Taste assessment

Validated taste strips (Burghart Messtechnik GmbH, Wedel,
Germany) tested the four basic taste modalities (bitter, salty,
sour and sweet) [33]. Umami was not tested as this descriptor
is not familiar or widely used in Ireland. Four strips, each
impregnated with one of the four, were applied individually,
to the centre of the tongue for whole-mouth testing. The par-
ticipant closed their mouth for 10 seconds (timed with a stop-
watch). The taste strip was then removed and the participant
identified the taste as bitter, salty, sour or sweet in a forced
response. One point was awarded for each correct answer for a
total score range of 0—4 (0 =none correct; 4 =all correct).

Incorrect answers indicated an abnormality for that particular
modality. After each strip, the participant cleansed the palate
with 10-20 ml of still cold bottled water (Tesco, Perthshire,
UK). Thirty seconds then elapsed before the next strip was
presented. The strips were offered in random order except for
bitter. This was always last (as per user manual) because of the
risk of persistent unpleasant taste.

Smell assessment

Olfactory function was measured by Sniffin’ Sticks®
(Burghart Messtechnik GmbH, Wedel, Germany) [34]. This
odour identification test, validated for healthy volunteers and
patients with olfactory disorders, consisted of 12 felt tip pens
each filled with a unique liquid odour [35]. The pens were
presented in the following order (pens 1—12): orange, leather,
cinnamon, peppermint, banana, lemon, liquorice, coffee,
clove, pineapple, rose and fish. The cap was removed and
the pen tip positioned 2 cm below the nostrils for 4 seconds
(timed by stopwatch). Simultaneously, a card (uniquely paired
with each pen) displayed four possible smells (only one of
which was correct). In a forced choice procedure, they chose
the item that best matched the presented odour. The objective
tests detected normal and reduced taste and smell perception,
but could not detect increased perception.

Results

Forty consecutive newly diagnosed treatment-naive cancer
patients with solid tumours were screened. Of those eligible
(n=37), 31 participated and 30 full data sets completed.
Demographic characteristics are in Table 1. The median com-
bined global chemosensory complaint score was 1 (range 0—
11). Twenty-two (74%) participants had at least one self-
reported or objective TSA and ten (33%) had both (Fig. 1).
Taste abnormalities were more prevalent than smell and self-
reported taste changes more common than objective. Four had
both subjective and objective taste complaints; the remainder
(n=15) had either one or the other. Three had objective taste
abnormalities without subjective changes.

Taste

The median subjective taste complaint score was 1 (range 0—
9). Three distinct types of self-reported taste complaints were
present. The first was bad taste (dysguesia), reported by 13
(43%) (Fig. 1). Descriptors of this included “bitter” (n =4),
“salty” (n =3), “sour” (n =2), “metallic” (n =2), “sweet” (n =
1) and “bad taste” (n = 1). The frequency varied; “sometimes”
for six, “rarely” for four and “often” for three. The second was
reduced taste perception (Fig. 1). Six (20%) reported at least
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Table 1 Demographic

characteristics of study N=30 (%)
participants
Gender
Male 4(13)
Female 26 (87)
Age (years)
Mean (SD) 53.7+13.6
Cancer diagnosis
Gynaecological 11 [36]
Breast 14 (47)
Colorectal 5(17)
Time since diagnosis
<1 month 5
1-2 months 14
2-3 months 9
3—4 months 1
4-5 months 1
ECOG
0 10
1 14
2
3 2
Planned treatment
Chemotherapy 16 (53)
Radiotherapy 29 (97)
Surgery 20 (67)
Smoking status
Non-smoker 28
Smoker 2

one modality was “weaker” since becoming ill or “could not
be tasted at all”. One described all four tastes as “weaker”. The
third complaint was increased perception (Fig. 1). Seven
(23%) reported at least one taste modality as “stronger” and
one said all four were. Changes in perception (either “weaker”
or “stronger”) were most frequent for salt and sweet.
“Weaker” tastes were mostly “mild” (n=15) or “moderate”
(n=4). “Stronger” tastes were “insignificant” (n =6), “mild”
(n=2) or “moderate” (n = 1). Only one reported the taste com-
plaint impacted quality of life.

In objective tests, everyone correctly identified at least one
of the four tastes. The median objective taste abnormality
score was 4/4 (range 0—4). Seven (23%) did not recognise
one or more tastes (four of whom had no subjective changes).
Recognition failures occurred for all tastes: bitter (n =5), salt
(n=4), sour (n=4) and sweet (n=2).

There was a lack of concordance between subjective and
objective results and the pattern of abnormalities was hetero-
geneous. For instance, three reported “bitter” tasted stronger,
but only one was able to objectively identify it. Of the four
who reported “sweet” was weaker, three correctly identified
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“sweet” on objective tests. Similar patterns were seen with
“sour” and “salt”.

Smell

The median subjective smell complaint score was 0/5
(range 0—4). In objective tests, seven were hyposmic
(score 6-9) and one anosmic (score 0-5). Similar prev-
alence was recorded for subjective and objective abnor-
malities (Fig. 1). Nevertheless, of the eight with
hyposmia or anosmia, none self-reported a “weaker”
sense of smell. Five (17%) self-reported smells as
“stronger” and rated this as “insignificant” (n=3) and
“moderate” (n=2). “Weaker” smells were self-reported
by two (neither of whom had objective abnormality),
rated “insignificant” by one and “severe” by the other.
Four reported changed smell perception reduced quality
of life and three of these cited nausea induced by smells
as the issue.

Nutritional status

The median abPG-SGA score was 5 (range 0-19).
Fourteen (47%) were at risk of malnutrition (score> 6).
Of these, nine had taste abnormalities; seven smell ab-
normalities and six both. All participants had above
normal (over-weight n=14; obese n=28) or normal
(n=8) BMI. Four had lost weight in the previous
2 weeks 3<5%; 1>10%), six in the prior month and
ten in the prior 6 months. Seven of the ten (who had
lost weight) had at least one TSA. Ten reported reduced
oral intake, and eight of these had TSA. Three attribut-
ed reduced food intake to a taste and two to a smell
abnormality. More than half (n=17) reported >1 NIS.
The most common NIS were poor appetite (n=10), fa-
tigue (n=9) and pain (n=38) (Fig. 2). Chi-squared tests
investigated the relationship between TSA and nutrition-
al status but were not statistically significant. Linear
regression tests showed no association between TSA
and weight loss or symptom burden.

Discussion

TSA were common and complex, and characteristics
heterogeneous irrespective of whether self-reported or
objective assessment was used. Self-reported changes
were more common for taste. Taste abnormalities oc-
curred more frequently than smell and inter-individual
variations were common. A self-reported unspecified
bad taste was the single most common abnormality
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Fig. 1 Characteristics of self-reported and objective abnormalities in taste and smell (N =30). | =reduced perception, 1 = increased perception

found. While taste abnormalities were more prevalent,
smell changes were more likely to be moderate or se-
vere and interfere with quality of life.

This study used both self-reported and objective measures
to evaluate taste and smell in consecutive, treatment-naive
cancer patients. When TSS and objective taste results were
compared, 16 inconsistencies were identified. The terms
“salty” and “sweet” were easily recognised, but many ap-
peared confused about the terms “sour” and “bitter” and strug-
gled to distinguish between them. Detailed explanations were
needed before some could respond. This has been noted else-
where and may confound results [17, 21].

Similar inconsistencies were seen in smell. Only two of 15
with smell abnormality had both self-reported and objective
complaints. Many reported smells were “stronger”, but the
objective tests were only able to detect reduced smell. Those
who self-reported “weaker” smell did not demonstrate re-
duced perception on objective smell test. The number of ol-
factory stimuli that humans can discriminate is unknown [36]
but likely to be several thousand. We examined only 12 smells

and so abnormalities were only captured for those.
Peppermint, orange and clove were most often recognised.

Although no one was underweight, many of the group
studied were at malnutrition risk. The NIS burden was the
greatest contributory factor to this, ahead of weight loss and
lower dietary intake. While no association between TSA and
NIS was found, this deserves further scrutiny and may im-
prove our understanding of TSA.

TSA prevalence in this study was higher than our
previous report which had a similar design but used
only self-report measures [28]. This may be because
the subjective and objective instruments measured dif-
ferent variables over varied timeframes. Objective tests
assessed taste or smell at a single time point. The TSS,
in contrast, captured self-reported taste and smell chang-
es “since becoming ill”. Future studies should consider
age- and gender-matched cancer-free controls to explore
if these findings could be tumour related.

The variations in TSA prevalence, characteristics and
severity we noted have been described in other clinical
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Fig. 2 Nutritional symptom prevalence (N =30)

settings and cancer cohorts [16, 23, 38, 39]. Possible
explanations include diverse aetiologies and variations
in cancer type and stage. This suggests the need for
thorough assessment and individualised interventions.
No single intervention can address the complex abnor-
malities observed.

This study had several limitations. Cancer types included
breast, gynaecological and colorectal cancers only. The gen-
der profile was biased to women and may have influenced
results; women seem more likely to report TSA than men
[6]. The age profile was also young for a cancer population.
Accurate details of prescribed medication were not available
to the researchers, but none had commenced anti-cancer treat-
ment. The sample size was small and participants assessed at
one time-point. Future studies should consider larger sample
sizes and longitudinal designs to capture TSA natural history.

The abPG SGA screened for NIS in the prior 2 weeks. Only
one in five reported that TSA interfered with food intake, so
impact on food intake was limited. We did not formally mea-
sure food intake, but future studies should do this.

The TSS has not been validated and this should be done as
no population norms are available. Despite other studies, no
firm recommendations for cancer populations can be made.
We modified it to exclude questions about drugs as accurate
medication information was not available. The scoring system
[21] had limited severity weights and this should also be
addressed.

This study demonstrated the complexity of TSA assess-
ment in treatment-naive patients with solid tumours and the
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prevalence, severity and impact of these and related symptoms
even before treatment. Further research should elicit the best
ways to measure TSA in early stage cancer and relationship to
dietary intake, malnutrition, weight loss and other NIS.
Clinically, there is a need to better recognise TSA and their
impact. This has multidisciplinary implications. Strategies for
individualised care need to consider the variety of abnormal-
ities observed.

Conclusions

Study participants were all newly diagnosed, treatment-naive,
solid tumour cancer patients with mostly good performance
status. Nevertheless, over two thirds had at least one TSA and
almost half were at malnutrition risk in spite of normal and
above normal BMI.

TSA characteristics were heterogeneous. Although less
common, smell abnormalities impacted quality of life more.
Reported TSA included changes in taste and smell perception,
and most commonly persistent bad taste. Prevalence was high
for both taste and smell abnormalities but differed by assess-
ment method. Taste abnormalities were more prevalent than
smell and subjective changes more prevalent than objective.
Participants were not knowledgeable about taste descriptors.
There was considerable inter-individual variation in the re-
sults. This may be related to methodological challenges or
may simply reflect the need for individualised assessment
and management. This study is the first to combine subjective
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and objective TSA assessment in treatment-naive cancer
patients.
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