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ORIGINAL ARTICLE
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ABSTRACT

This study of patients under investigation for lung cancer (LC) aims to: 1) examine the prevalence of self-reported taste
and smell alterations (TSAs) and their relationships with demographic and clinical characteristics; and 2) explore nutri-
tional importance of TSAs by examining their associations with patient-reported weight loss, symptoms interfering with
food intake, and changes in food intake.

Methods. Patients were recruited consecutively during investigation for LC from one university hospital in Sweden.
Patient-reported information on TSAs, demographics, six-month weight history, symptoms interfering with food intake,
and changes in food intake was obtained. Relationships between TSAs and other variables were examined using two-
tailed significance tests. In addition, putative explanatory factors for weight loss were explored in those patients diag-
nosed with LC, since a relationship between TSAs and weight loss was found in this group.

Results. The final sample consisted of 215 patients, of which 117 were diagnosed with primary LC within four months
of study inclusion and 98 did not receive a cancer diagnosis. The 38% prevalence of TSAs was identical in both groups,
and were generally reported as mild and not interfering with food intake. However, a statistically significant relationship
between TSAs and weight loss was found among patients with LC, with a median weight change of —5.5% and a higher
frequency of weight loss = 10%. Patients with LC and weight loss = 10%, had higher frequency of reporting TSAs, of
decreased food intake and of =1 symptom interfering with food intake compared with those with less weight loss.
Conclusion. TSAs, although relatively mild, were present in 38% of patients with and without LC. Relationships
between TSAs and weight loss were found among patients with LC, but not fully explained by decreased food intake.
This highlights the complexity of cancer-related weight loss.

Involuntary weight loss in patients with cancer is a
common problem, known to be a prognostic factor
for treatment outcome and mortality [1,2] and with
impact on quality of life [3]. At time of diagnosis,
patients with lung cancer (LC) have been found to
often have both a heavy symptom burden and be
at risk for involuntary weight loss [1,4], with increas-
ing rates of malnutrition during treatment [5,6].
Cancer-related weight loss is commonly caused
by abnormal metabolism combined with reduced

nutritional intake due to symptoms like nausea, loss
of appetite or taste and smell alterations (TSAs) [7].
TSAs are well-recognized side effects of chemother-
apy, with a recent review reporting 45-84% preva-
lence of taste alterations and 5-60% smell alterations
related to chemotherapy [8]. Additionally, approxi-
mately 80% of patients with advanced cancer report
TSAs [9]. These, along with other data [10,11], indi-
cate that TSAs may play a role in the development
of disease-related weight loss.
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Research on T'SAs in patients prior to treatment
for cancer is scarce. Several older studies have inves-
tigated taste alterations in patients prior to treatment
for various cancers, measuring taste sensitivity with
clinical tests [12—-14]. This methodology gives a fixed
measure of patients’ taste sensitivity which can be
compared to a control. Clinical assessment of smell
sensitivity prior to cancer treatment has been used
by Ovesen et al. [15] who found abnormal smell
thresholds in patients with cancer. However, patients’
perceptions of TSAs are not captured by clinical
assessment methods, but are better assessed by self-
report questionnaires. While two studies report prev-
alence of self-reported TSAs of approximately 25%
in patients prior to treatment for various types of
cancer [16,17], to our knowledge no previous study
has investigated relationships between self-reported
TSAs, weight loss, and changes in food intake in
patients prior to cancer treatment.

In this study, we use a symptom-specific self-
report questionnaire to identify the presence of
TSAs in a population of patients under investigation
for LC, to: 1) examine the prevalence of TSAs and
the relationships between TSAs, demographics, oral
problems, smoking and clinical characteristics; and
2) explore the nutritional importance of TSAs by
examining their associations with patient-reported
weight loss, symptoms interfering with food intake,
and changes in food intake.

Patients and methods

Data presented here derive from the longitudinal
“Taste and Smell Project”, in which patients with
suspected LLC or diagnosed gastrointestinal cancer
were recruited and first interviewed close to the time
of diagnosis, i.e. prior to treatment, with approval
from the regional ethical review board (for further
information on the Taste and Smell Project see [18]).
This article is based on data from the first baseline
interview with patients with suspected LC.

Recruitment and study procedure

Patients were recruited consecutively from January
2011 to July 2012 from the pulmonary medicine
department of a university hospital in Sweden. Eli-
gible patients were = 18 years, Swedish-speaking and
under investigation for suspected LC. Exclusion cri-
teria were cognitive impairments, previous head-neck
cancer diagnosis, and not residing in Stockholm
county. Eligible patients were asked by a clinic nurse
if they were interested in receiving further informa-
tion about the study. Those interested received tele-
phone information from one of four research
interviewers. Patients agreeing to participate gave

written informed consent prior to interview. The
structured face-to-face interviews were based on four
questionnaires. The interviewer read each question
to the patient and documented the verbal responses.
Additional information was retrospectively obtained
from medical records.

An overview of the recruitment and selection pro-
cess is presented in Figure 1. A total of 255 patients
under investigation for LC were interviewed for the
Taste and Smell Project. Before analysis for the study
presented here, data from 40 patients were excluded
for the following reasons: other cancer diagnoses
than primary LC (n=29), having received anti-
cancer treatment during the six months preceding
the study (n=4) or other reasons, e.g. major
co-morbidity or cognitive impairments that became
evident during interview (n=7).

Data collection instruments

Data on TSAs was collected by the Taste and Smell
Survey (TSS), an instrument initially developed by
Heald et al. [19] for use with HIV-infected patients.
The TSS has also been used by a Canadian research
group to investigate self-reported TSAs in patients
with cancer [9,20] and has been translated into
Swedish [18]. The TSS consists of 16 questions in
which patients reported any alterations in taste or
smell that had presented since initiation of the diag-
nostic process for lung disease. This results in a
chemosensory complaint score ranging from 0 to
16 [19].

Nutritional information was acquired using the
Swedish version of the scored Patient-Generated
Subjective Global Assessment (PG-SGA) [21], an
instrument for assessing nutritional status in patients
with cancer in research and clinical settings [22].
The PG-SGA items used here are body weight at
time of interview and six months earlier, level of
food intake the previous month as compared to nor-
mal (unchanged, more than usual or less than usual)
and a checklist of 13 symptoms that may have kept
the patient from eating enough during the past two
weeks. Two of these symptoms concern TSAs
(“things taste funny or have no taste” and “smells
bother me”).

Data on the presence and nature of oral prob-
lems, smoking status, and demographic data was
obtained from additional study-specific questions.

Disease stage was determined by medical records
and defined as stage I-1I, stage IIIA, stage IIIB and
stage IV. Early disease stage was defined as I-IIIA
and advanced disease stage as IIIB-IV. The distinc-
tion between stage IIIA and IIIB was made based on
the regional treatment guidelines as a patient with a
stage IITA tumor could be considered for surgery,
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Figure 1. Flow-chart of the recruiting and selection process.

whereas locally advanced tumors (stage IIIB) are
generally considered non-resectable [23].

Data analysis

Patients were considered to report TSAs when indi-
cating changes in taste or smell in one or more of the
six questions in the T'SS targeting altered perception
of taste or smell in general, in relation to foods as
well as the intensity of basic tastes (salt, sweet, sour,
bitter) and smell. Percent weight change was calcu-
lated as the difference between weight six months
earlier and at interview, using patients’ self-reports.
Degree of weight loss was categorized into: 1) weight
increased, stable or loss <5%; 2) weight loss =5%
to <10%; or 3) weight loss =10%. These cut-offs
were chosen based on previous research on malnutri-
tion screening and assessment instruments [22,24].

Changes in food intake were dichotomized into hav-
ing eaten “less than usual” versus having eaten “as
usual or more”. Symptoms interfering with food
intake were dichotomized into “no symptoms” and
“=1 symptom” on the PG-SGA. Smoking status was
categorized into smokers, former smokers (quit> 1
year ago) and never smokers (includes occasional
smoking), in line with categories in the Swedish
National Lung Cancer Registry [25].

Patients were divided into four groups based on
presence versus absence of TSAs and LC diagnosis.
Tests for statistically significant differences between
groups were performed between: 1) patients with LC
reporting TSAs versus those with no TSAs; 2) patients
without LLC reporting TSAs versus those with no
TSAs; and 3) patients reporting TSAs with LC ver-
sus those without LC. Since TSAs were found to
associate with six-month weight loss among patients
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with LC, this relationship was further investigated
only in patients with LC.

Descriptive statistics were used to describe the
frequencies of categorical variables and the distribu-
tions of continuous variables. Statistical group com-
parisons were performed using x2-test or Fisher’s
exact test for proportions and Mann-Whitney U-test,
Kruskall-Wallis test or t-test for continuous or ordi-
nal variables. All tests were two-tailed and a priori
alpha was 0.05. Bonferroni-corrections were used
when multiple (=3) tests were performed on the
same outcome.

Results
Demographics

As shown in Figure 1, data from 215 patients under
investigation for LC was included for analysis. Of
these, 117 patients (54%) received a primary LC
diagnosis within four months after study inclusion.
Ninety-eight patients (46%) had not been diagnosed
with any cancer form at least six months after study
inclusion.

Demographic data and clinical characteristics of
included patients are shown in Table I. No statisti-
cally significant differences in age, gender, or educa-
tion were found between patients with or without
primary LC. Statistically significant differences were
found for smoking status, as patients diagnosed with
LC more frequently reported being smokers or for-
mer smokers than did patients without LC.

Prevalence of TSAs (Aim 1)

Prevalence of TSAs was identical, 38%, in the patient
groups with LC and without LC. No statistically sig-
nificant differences were found among patients with
or without TSAs regarding age or gender (data not
shown). The TSS scores were generally low
(median =1 in full sample) and ranged from 0 to 12
and 0 to 14 among patients with LC and without
cancer, respectively.

As shown in Table II, no statistically significant
differences were found among the four patient groups
based on diagnosis of LC and presence of TSAs with
regard to age, gender or smoking status. In patients
with LC, the distribution of disease stage and tumor
type was similar between patients with and without
TSAs. Oral problems were statistically significantly
more frequently reported by patients without LC and
TSAs (NLC-TSA group), compared to patients with
LC reporting TSAs (ILC-TSA group), and to patients
without LC not reporting TSAs (NLC-NoTSA
group). Among those reporting oral problems across
all groups, the most common were dry mouth (59%),
blisters (11%) and multiple problems (16%).

Table I. Demographic and clinical characteristics of included
patients.

Primary
lung cancer No cancer Total
N (%) N (%) N (%)

Age

Mean; SD 68; 9 66; 10 67; 10
Gender

Women 63 (54) 43 (44) 106 (49)

Men 54 (46) 55 (56) 109 (51)
Education

Elementary school 23 (20) 17 (18) 40 (19)

High school 60 (51) 37 (38) 97 (45)

University 28 (24) 38 (39) 66 (31)

Other 6 (5) 5 (5) 11 (5)

Missing data - 1 1
Smoking status

Smoker 49 (42)* 26 (27) 75 (35)

Former smoker 58 (50)* 42 (43) 100 (47)

Never smoker 10 (8) 29 (30) 39 (18)

Missing data - 1 1
Tumor type

NSCLC! 94 (80) - -

SCLC 8 (7) - -

Other? 15 (13) - -
Disease stage

I-IITA 58 (50) - -

IIIB-1V 58 (50) - -

Missing data 1 - -

NSCLC, non-small cell lung cancer; SCLC, small cell lung
cancer.

Includes adenocarcinoma, squamous cancer, adenosquamous
cancer and other unspecified NSCLC.

%Includes carcinoids, mesothelioma, multiple tumors of different
kinds and unverified tumors.

*P-value < 0.05.

TSAs, weight loss, changes in food intake, and
symptroms interfering with food intake (Aim 2)

Table III presents data on weight change, degree of
weight loss, changes in food intake and symptoms
interfering with food intake. Statistically significant
relationships between TSAs and weight loss were
seen among the LC-TSA group, with a lower median
weight change (—5.5%) and a higher frequency of
reported weight loss =10% compared to both the
LC-NoTSA group and the NLC-TSA group.
Eating less than usual during the previous month
and having = 1 symptom interfering with food intake
tended to be more frequently reported among all
patients with TSAs, although these differences were
statistically significant only among patients with L.C.
The PG-SGA item “things taste funny or have no
taste” was marked as having caused insufficient food
intake by eight patients, all with TSAs, and only one
without a LC diagnosis. Two of these patients also
indicated that food intake was hindered by “smells
bother(ing) me” (data not shown). “Taste funny/no
taste” was in each of these eight cases reported in
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Table II. Taste and smell alterations and lung cancer diagnosis in relation to demographical data, smoking

status, oral problems and clinical characteristics.

LC-TSA LC-NoTSA NLC-TSA NLC-NoTSA
N=44 N=173 N=37 N=61

Age

Mean; SD 70; 8 67; 10 67; 10 66; 11
Gender, N (%)

Women 22 (50) 41 (56) 20 (54) 23 (38)

Men 22 (50) 32 (44) 17 (46) 38 (62)
Smoking status, N (%)

Smoker 23 (52) 26 (36) 13 (35) 13 (22)

Former smoker 19 (43) 39 (53) 15 (41) 27 (45)

Never smoker 2 (5) 8 (11) 9 (24) 20 (33)

Missing data - - - 1
Oral problems, N (%)

Yes 11 (25) 18 (25) 20 (54)* 14 (23)

None 33 (75) 55 (75) 17 (46) 47 (77)
Tumor type

NSCLC 35 (80) 59 (81) - -

SCLC 4 (9) 4 (5) - -

Other 5 (11) 10 (14) - -
Disease stage

I-IIIA 21 (47) 37 (51) - -

IIB-1V 23 (53) 35 (49) - -

Missing data

1

Bonferroni correction was performed.

LC-TSA: patients with primary lung cancer reporting TSAs; LC-NoTSA: patients with primary lung
cancer not reporting TSAs; NLC-TSA: patients without cancer reporting TSAs; NLC-NoTSA: patients
without cancer not reporting TSAs; NSCLC, non small-cell lung cancer; SCLC, small-cell lung

cancer.

*Statistically significant difference between NLC-TSA and LC-TSA and between NLC-TSA and NLC-

NoTSA.

conjunction with at least one other symptom on the
same checklist, the most frequent being no appetite
(n=7), early satiety (n=6) and nausea (n=4).
The relationship between putative explanatory
factors, including TSAs, and six-month weight loss
among patients with LC was further explored in
Table IV, where patients are grouped by degree of
weight loss. Most LC patients (70%) reported
“weight increased, stable or loss <5%”, while 18%
reported weight loss =10%. Statistically significant
differences for proportions of patients in the three
different weight loss categories were found: 1)
between patients reporting less food intake and those
eating as usual or more; 2) between those with =1
symptom and those without symptoms; 3) between
patients with TSAs and those without TSAs.

Discussion

In this observational, cross-sectional study based
on patient-reported outcomes, the 38% prevalence
of self-reported TSAs did not differ between patients
with LC prior to treatment and those not diagnosed
with LC. The TSAs were generally mild as evi-
denced by low scores on the TSS. Patients with and
without LC differed in that a statistically significant

relationship between TSAs and self-reported weight
loss was found among patients with LC, but not
among patients without LC.

The prevalence of TSAs in our study was higher
than that found by previous research using self-
report data to identify TSAs in patients prior to
cancer treatment [16,17]. One explanation for this
may be our use of a symptom-specific questionnaire
rather than a single global question, although the
TSS has not previously been used in a population
of patients under investigation for cancer. People
with as mild TSAs as reported here might not des-
ignate this as a general “taste change” which a
global question would imply, which indicates the
TSS is a sensitive instrument for detecting TSAs;
the lack of available comparison with a similar pop-
ulation means that we are unable to determine if
the TSS is overly sensitive and thereby may lack
discrimination. Our finding that the prevalence of
TSAs reported by patients with and without LC did
not differ may suggest that TSAs are not cancer-
specific problems. One underlying reason for TSAs
among patients without LC might be oral prob-
lems, as these were more frequently reported in
combination with TSAs in this patient group. Previ-
ous studies of clinically measured taste thresholds
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Table III. Taste and smell alterations and lung cancer diagnosis in relation to weight change, weight loss,
changes in food intake and presence of symptoms interfering with food intake.

LC-TSA LC-NoTSA NLC-TSA  NLC-NoTSA
N=44 N=173 N=37 N=61
Percent six month weight change
Median —5.54 0 0 0
p25; p75 —10.8; 0 —3.0;0 —4.7; 2.0 —2.0;0.5
Missing data (NN) 1 2 - 3
Weight loss !, N (%)
Weight increased, stable or loss <5% 21 (49) 59 (83) 29 (78) 51 (88)
Weight loss =5% to <10% 8 (18) 5(7) 7 (19) 509
Weight loss =10% 14 (33)4 7 (10) 1(3) 2 (3)
Missing data 1 2 - 3
Food intake previous month
As usual or more 28 (64) 61 (84) 29 (78) 53 (87)
Less than usual 16 (36)B 12 (16) 8 (22) 8 (13)
Symptoms interfering with food intake
None 26 (59) 61 (84) 26 (70) 52 (85)
=1 symptom 18 (41)B 12 (16) 11 (30) 9 (15)

Bonferroni correction was performed.

LC-TSA: Patients with primary lung cancer reporting TSAs; LC-NoTSA: Patients with primary lung
cancer not reporting TSAs; NLC-TSA: Patients without cancer reporting TSAs; NLC-NoTSA: Patients
without cancer not reporting TSAs.

ITests for statistically significant differences were performed between 1) weight loss = 5% to < 10% versus
weight increased, stable or loss < 5% and 2) weight loss = 10% versus weight loss = 5% to < 10% and weight
increased, stable or loss < 5% combined.

AStatistically significant difference between LC-TSA and LC-NoTSA and between LC-TSA and NLC-

TSA.

BStatistically significant difference between LC-TSA and LC-NoTSA.

in patients with cancer have found altered taste sen-
sitivity in controls with benign diseases [12,13].
Although the clinical testing of taste sensitivity is a
different methodology from that used here, our
results add to the evidence that TSAs may be related
to other pathological processes than cancer.

A suggestive finding of our study, worthy of fur-
ther research, is that self-reported TSAs were related
to weight loss in patients prior to LC treatment. Ove-
sen et al. [26] also links TSAs to weight loss in their
study of clinically measured taste sensitivity. They
found no differences in taste sensitivity between
newly diagnosed patients with small-cell LC or
matched controls with non-malignant diseases. How-
ever, patients in both groups who reported weight
loss showed abnormal sensitivity for bitter taste.

One question arising from our results, as well as
those of Ovesen et al., is whether a causal relation-
ship exists between TSAs and weight loss. Previous
research on patients with cancer enrolled in pallia-
tive care suggests that TSAs could lead to weight loss
by interfering with food intake [9]. In our study on
patients prior to treatment, the majority of our sam-
ple did not perceive TSAs to interfere with food
intake, as instrumentalized by the items “taste funny/
no taste” and “smells bother me” on the PG-SGA
symptom checklist. Eight patients had marked these
items in the PG-SGA, and all had also reported

TSAs on the TSS. However, in the eight cases where
TSAs were reported to have influenced food intake,
this was in conjunction with other symptoms strongly
associated with eating problems, i.e. loss of appetite,
nausea and early satiety (see also [7]). In previous
research in patients with cancer, these symptoms
have been found to co-exist with taste change and
weight loss in symptom clusters, which are groups
of symptoms often experienced simultaneously
[11,27]. Loss of appetite, nausea, early satiety, TSAs
and weight loss seem to be closely interrelated and
it might not be possible to distinguish one of these
as the principal symptom driving the process of
weight loss. Systemic inflammation has also been
recognized as an important factor for the catabolic
processes involved in cancer cachexia [7], and could
provide important information about the mecha-
nisms behind the association between weight loss
and symptoms. Future studies could benefit from
including a measure of systemic inflammation to
evaluate this connection.

However, it is interesting to note that in our mate-
rial, many patients did not explicitly make a connec-
tion between eating problems, TSAs and weight loss.
It could be that food-related problems develop grad-
ually and that it is only when these symptoms severely
affect daily life that they are perceived as a problem
and articulated by the patient. The different time
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Table IV. Patients with lung cancer grouped into weight loss categories with putative explanatory variables in rows.

Patients with lung cancer
N =114 (3 missing weight data)

Weight increased,
stable or loss <5%
N=280 (70%)

Weight loss =5% Weight loss
to <10% =10%
N=13 (12%) N=21 (18%)

Age, N (%)

39-67 39 (74) 5(9) 9 (17)

68-89 41 (67) 8 (13) 12 (20)
Gender, N (%)

Women 41 (67) 8 (13) 12 (20)

Men 39 (74) 5 (9) 9 (47)
Tumor type, N (%)

NSCLC 63 (68) 10 (11) 19 (21)

SCLC 6 (86) - 1 (14)

Other 7 (70) 3 (30) -

Unverified 4 (80) - 1 (20)
Disease stage, N (%)

I-IIIA 44 (79) 4 (7) 8 (14)

IIB-IV 35 (61) 9 (16) 13 (23)

Missing data 1 - -
Food intake previous month*, N (%)

As usual or more 68 (78) 10 (12) 9 (10)

Less than usual 12 (44.5) 3 (11) 12 (44.5)
Symptoms interfering with food intake*, N (%)

None 66 (77) 10 (11.5) 10 (11.5)

=1 14 (50) 3 (11) 11 (39)
TSAs*, N (%)

Absent 59 (83) 5 (7) 7 (10)

Present 21 (49) 8 (19.5) 14 (32.5)

NSCLC, non small-cell lung cancer; SCLC, small-cell lung cancer; TSAs, taste and smell alterations.

*P-value < 0.05.

frames for self-reports should also be kept in mind;
weight loss (six months), food intake (one month)
and symptoms (two weeks). For example, almost half
the patients reporting eating less than usual or =1
symptom interfering with food intake did not report
weight loss =5%. This might reflect that changes in
food intake were relatively recent, and had not yet
affected weight. However, close to half of patients
categorized as having lost most weight, did not report
eating problems. This may suggest that patients had
already adapted to a decrease in food intake which
occurred earlier in the six-month interval, and had
resulted in weight loss.

It is also important to recognize that all patients
in our study were under investigation for possible
LC, and therefore even those without a LC diagnosis
should not be considered a healthy control. It should
also be emphasized that this uncertain phase, under-
going investigation for a lethal disease might be
stressful, and may affect aspects of daily life, i.e.
appetite and eating habits. Compared with the gen-
eral LC population in Sweden [25], our sample had
a larger proportion of women diagnosed with LC
(54%), more patients diagnosed in early stages I-IITA
(50% vs. 28.5%), and fewer patients in stage IIIB

(6% vs. 22.3%), although the proportion of patients
in stage IV reflects the general L.C population. This
may mean that these patients are less burdened by
their disease, and had more energy for study par-
ticipation. This selection of a “healthier” LLC group
should be considered when interpreting the results.

In the longitudinal Taste and Smell-project from
which these data derive, patients were interviewed
rather than given the questionnaires to complete on
their own. As interviews involve interaction between
interviewer and patient, this strategy may have influ-
enced answers [28], e.g. if patients made efforts to
provide socially acceptable responses. However, this
interaction also may have positive aspects as estab-
lishing a relationship with the patients could have
prevented attrition of this vulnerable patient group
from the longitudinal study. The face-to-face inter-
views also provided opportunities to clarify questions
when needed and for follow-up when patients gave
ambiguous responses.

Conclusion

This study contributes new data showing that
TSAs, albeit often relatively mild, are present in a
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substantive proportion of patients under investigation
for LC. TSAs were as frequently reported among
patients not diagnosed with L.C as among those who
received a diagnosis of primary LC. However, an
association between weight loss and TSAs was only
seen in patients with L.C. This relationship could not
be fully explained by decreased food intake as a con-
sequence of symptoms interfering with nutritional
intake, which highlights the complexity of cancer-
related weight loss and the need for further research
on this topic.
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