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Background and aim: Cancer is one of the major public health problems, with colorectal cancer being one
of the most occurring types of cancer. During treatment, patients may experience changes in their dietary
intake due to side-effects of treatment, like changes in chemosensory perception, i.e. smell and taste
function. This study investigated alterations in chemosensory perception and food preferences in colorectal cancer patients during and after adjuvant chemotherapy.
Methods: Objective olfactory and gustatory function were measured by the Snifﬁn’ Sticks and the Taste
Strips test. Subjective smell and taste perception were determined with a questionnaire, while food
preferences were assessed with a computer-based ranking task. To investigate changes during chemotherapy, patients undergoing adjuvant chemotherapy were measured before the start, halfway through
(approximately 3 months after the start of adjuvant chemotherapy), and within one month after ﬁnishing chemotherapy (longitudinal measurements, n ¼ 15 patients). As a comparison group, colorectal
cancer patients not undergoing chemotherapy (n ¼ 20), underwent the same measurements at similar
time points. To measure changes after treatment, chemosensory perception and food preferences of
patients who had undergone chemotherapy treatment were measured once, either at 6, 12 or 24 months
after diagnosis (cross-sectional measurements; n ¼ 20 for all time points). Changes during treatment
were assessed using linear mixed model analyses, and changes after treatment were assessed with a oneway ANOVA or a Kruskal Wallis test.
Results: Objective olfactory and gustatory function did not differ statistically signiﬁcantly between any of
the groups and at any time point during or after treatment (all p > 0.05). In contrast, subjective smell
(F(1,84) ¼ 8.17, p ¼ 0.005) and taste (F(1,99) ¼ 4.08, p ¼ 0.046) perception were rated statistically
signiﬁcantly lower by patients undergoing chemotherapy than the comparison group during treatment.
At 6 months after diagnosis, patients who underwent chemotherapy rated their subjective taste
perception signiﬁcantly lower than patients at 12 and 24 months after treatment (F(2,57) ¼ 12.05,
p ¼ 0.002). Food preferences did not change during treatment, or thereafter (all p > 0.05). Preference for
protein-rich foods was positively correlated with objective gustatory function (r ¼ 0.36, p < 0.001), while
the preference for low-energy foods showed a negative correlation with objective gustatory function
(r ¼ 0.28, p ¼ 0.004).
Conclusions: Similar to other cancer patient populations, mainly subjective smell and taste perception
are affected in colorectal cancer patients undergoing adjuvant chemotherapy. Changes in objective olfactory and gustatory function in relation to chemotherapy were not detected by the tests used in our
study nor did food preferences change. However, it should be noted that subjective changes in smell and
taste perception can affect subsequent ﬂavor perception and food enjoyment, which might negatively
impact eating behavior and nutritional intake.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).
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considered for analyses. As a comparison group, 20 colorectal
cancer patients who did not undergo chemotherapy were included.
In both groups, patients were assessed at three time points. Patients
undergoing chemotherapy were assessed after surgery, but before
the start of chemotherapy (T1), halfway through chemotherapy
(T2; approximately 3 months after the start of adjuvant chemotherapy), and within one month after the end of chemotherapy (T3;
depending on the duration of chemotherapy). For the comparison
group similar moments were chosen, resulting in test sessions
approximately within 3 weeks after diagnosis, 3 months after
diagnosis and 6 months after diagnosis.
After treatment, 60 colorectal cancer patients who had previously undergone adjuvant chemotherapy were cross-sectionally
included for one test session after ﬁnishing chemotherapy. Time
points for measurements were 6 months after diagnosis (n ¼ 20), 12
months after diagnosis (n ¼ 20) or 24 months after diagnosis
(n ¼ 20).
Stage of disease and treatment characteristics were obtained
from the Dutch Colorectal Audit (DCRA) collected as part of the
COLON study. Current body weight and height, and smoking habits
were self-reported by the patients.

1. Introduction
Patients treated with chemotherapy can experience changes in
olfactory and gustatory function during as well as after treatment
[1,2], which has been described in various patient populations
[3e8]. Changes in gustatory function occur more frequent
(45e84%) than changes in olfactory function (5e60%) [9]. These
changes have a high impact on daily life and can add to the diseaserelated distress experienced by patients [10,11]. Patients report
both quantitative changes, like a decreased gustatory function [12],
and qualitative changes, for example a constant metallic taste [13].
Overall, reported changes in chemosensory perception are often
temporary and disappear within months after the end of treatment
[3,14,15].
Smell and taste are crucial for inducing appetite and sensing
nutrients [16], and changes herein may therefore lead to altered
food preferences, reduced appetite and food aversions [17,12,18,19].
As a result, changes in olfactory and gustatory function can lead to
altered dietary intake [20,21], which may eventually cause an
impaired nutritional status in cancer patients.
Colorectal cancer is one of the most occurring types of cancer
worldwide [22]. In studies using questionnaires to measure subjective self-reported changes in olfactory and gustatory function in
colorectal cancer patients undergoing chemotherapy, 50% [23] and
72% [11] of the patients reported changes in gustatory function and
reduced food enjoyment. However, more objective and extensive
measures of chemosensory perception and food preferences in this
patient population are lacking.
Given the high prevalence of colorectal cancer and the detrimental consequences that might result from changes in olfactory
and gustatory function, it is highly relevant to examine these
changes and their potential dietary consequences more systematically. The aim of this study was therefore to investigate changes in
objective and subjective olfactory and gustatory function in colorectal cancer patients during and after chemotherapy and their
effect on food preferences.

2.2. Measurements
Measurements took place at the patient's home. In the case of
multiple test sessions per patient, tests were performed on
approximately the same time of the day. All tests were carried out
in the order as described in the following paragraphs. Patients were
instructed not to smoke and not to drink or eat anything except
water 15 min before the measurements. Additionally, patients were
asked not to wear perfume of aftershave at the day of
measurement.
2.2.1. Objective olfactory function
The Snifﬁn’ Sticks (Burghart Medical Technology, Wedel, Germany) were used to measure objective olfactory function [25]. This
test assesses odor threshold, odor discrimination ability and odor
identiﬁcation ability. A forced choice procedure was applied for all
separate parts of the test. During the threshold test and the
discrimination test patients were blindfolded.
The odor threshold was determined by using 16 triplets of
pens with a different concentration of n-butanol, using dilutions
in a ratio of 1:2 in a geometric series starting from a 4% n-butanol
solution as described in [25]. Per triplet, one pen contained the
odor, while the other two pens contained solely solvent. Patients
had to pick out the odor-containing pen during a staircase updown procedure. The average of the last four turning points
was calculated as score (T, score: 1e16). During the discrimination task, 16 triplets of pens were offered in a randomized order.
All triplets contained two similar pens and one pen with an
aberrant odor, which the patients had to pick out. Also within the
triplets the order of the pens was randomized. Score was the
number of correctly identiﬁed pens (D, score: 0e16). The identiﬁcation test consisted of 16 pens that were a combination of pens
from the basic identiﬁcation test and the extended identiﬁcation
test [26]. This combination was randomized for each test session.
Patients were asked to identify each odor by selecting the correct
descriptor from a list of four descriptors. Score was the number of
correctly identiﬁed pens (I, score: 0e16).
The scores of the three tests were summed up to a total TDIscore (score: 1e48). A higher score represents a better olfactory
function. The total score was used to categorize olfactory function:
functional anosmia (TDI  16); hyposmia (16 > TDI < 30.75) or
normosmia (TDI  30.75) [27].

2. Methods
The current study was part of the COLON study, a large multicenter prospective cohort study, set up to investigate associations
of diet and other lifestyle factors with quality of life, survival and
recurrence of disease in colorectal cancer patients [24]. The protocol for the current study met the requirements of the Declaration
of Helsinki and was approved by the ethical committee CMO Regio
Arnhem/Nijmegen (NL30446.091.09). All patients agreed on
participating in the study by signing an informed consent.
2.1. Study design and study population
The current study investigated chemosensory perception and
food preferences in colorectal cancer patients during as well as
after chemotherapy (Fig. 1).
Colorectal cancer patients were recruited from the COLON
database. Patients who ﬁt the criteria with regard to treatment and
timing of treatment in relation to the measurements as described
below were approached for participation in the current study. All
patients underwent surgery as part of their treatment. In total, 233
patients were approached for participation in the study. Of these,
43% were willing to participate.
During treatment, 20 colorectal cancer patients undergoing
adjuvant chemotherapy were included for longitudinal measurements. Due to complications or extended hospital stays, 5 patients
dropped out after the ﬁrst measurement, resulting in 15 patients
2
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Fig. 1. Schematic study design, showing numbers of patients and time points of test sessions during and after treatment. * Timing of the test session was dependent on the duration
of chemotherapy. A) Longitudinal measurements: In total, 15 (chemotherapy group) and 20 (comparison group) patients were measured at all 3 time points. B) Cross-sectional
measurements: At all time points, 20 patients were measured. These patients differed for the different time points and did not overlap with the 35 patients included in the
ﬁrst part of the study (‘during treatment’).

based task was performed in E-Prime 2.0 (Psychology Software
Tools, Pittsburgh, PA). Within the task, liking and preference
ranking for four macronutrient categories (carbohydrates, fat,
protein and low-energy), and two taste qualities (sweet and savory) were assessed.
The task consisted of 32 pictures of food products: eight pictures
for each macronutrient category. For high-carbohydrates, high-fat
and low-energy, this included pictures of four sweet and four savory
food products. For high-protein, only pictures of savory food products
were included as sweet foods high in protein are limited in our food
supply. Liking for all products in the MTPRT was measured on a 100
point VAS anchored by ‘do not like at all’ and ‘like extremely’. All
pictures were shown one by one. Preference ranking scores were
determined by presenting four pictures at the same time, which patients had to rank in the order they would prefer to eat the products at
that moment. The ranking task consisted of two parts: the ﬁrst part
included sixteen combinations of four pictures, representing all
macronutrient categories. Preference scores were calculated for the
macronutrient categories with the following formula: ranking score ¼
(4*(#rank1) þ 3*(#rank2) þ 2*(#rank2) þ 1*(#rank4))/16, yielding a
score of 1e4. The second part included twelve combinations of four
pictures, which represented a sweet and a savory product from two
macronutrient categories. Preference scores for sweet and savory
were calculated with the following formula: ranking score ¼
(4*(#rank1) þ 3*(#rank2) þ 2*(#rank2) þ 1*(#rank4))/24, yielding a
score of 1.5e3.5 [30].

2.2.2. Objective gustatory function
The Taste Strips (Burghart Medical Technology, Wedel, Germany) were used to measure objective gustatory function. The test
contained 16 impregnated ﬁlter papers, which were impregnated
with sweet taste (0.05, 0.1, 0.2, or 0.4 g/ml sucrose), sour taste (0.05,
0.09, 0.165 or 0.3 g/ml citric acid), salty taste (0.016, 0.04, 0.1 or
0.25 g/ml sodium chloride) or bitter taste (0.0004, 0.0009, 0.0024
or 0.006 g/ml quinine hydrochloride) [28]. Tastes qualities were
randomized within a concentration and the strips were then presented in order of increasing concentration. Patients were asked to
identify the taste of each strip by placing it in the mouth and
choosing between sweet, sour, salty, bitter or tasteless according to
a forced choice procedure. After each taste strip, patients took a sip
of water to rinse the mouth and neutralize the palate.
A correct identiﬁcation/response yielded 1 point; the score
ranged from 0 to 4 for the individual taste qualities and from 0 to 16
points for the total test, in which a higher score represented a better
gustatory function. A score of 10 points was considered as normal
gustatory function [28].
2.2.3. Subjective olfactory and gustatory function
Patients ﬁlled out the Appetite, Hunger and Sensory Perception
(AHSP) questionnaire [29]. The questionnaire included questions
on subjective smell perception (6 items, score range: 6e30) and
subjective taste perception (8 items, score range: 8e40). All questions were answered on a 5-point Likert scale. A higher score
represented a more positive perception of current olfactory and
gustatory function. Moreover, the questionnaire included questions
on subjective appetite (6 items, score range: 6e30) and on subjective hunger (9 items, score range: 9e45);

2.3. Statistics
As changes in smell and taste ability were the primary outcome
measures, sample size calculation was based on previous studies
using the same outcome measures. Steinbach et al. [14] conducted a
study among patients undergoing chemotherapy for breast cancer
or gynecologic malignancies. They found average smell and taste

2.2.4. Food preferences
To assess food preferences, the Macronutrient and Taste
Preference Ranking Task (MTPRT) was used [30]. This computer3

E.M. Postma, D.E. Kok, C. de Graaf et al.

Clinical Nutrition ESPEN xxx (xxxx) xxx

scores of respectively 32.2 ± 3.6 en 9.5 ± 3.0, while average scores
in a healthy population are respectively 35.16 ± 4.52 en 12.4 ± 2.3.
This lead to an effect size of 0.715 for smell and an effect size of
1.067 for taste. With an a priori one-tailed t-test for paired analysis
with a power of 80% and an a of 0.05, a minimum number of patients per group of 14 patients for smell and 7 patients for taste was
found. This calculation was repeated with the results of a preliminary analysis of the results of De Vries et al. [3] among patients
with breast cancer, showing a lower effect size: 0.415 for smell and
0.678 for taste. With a power of 90%, this led to a minimum number
of 18 patients per group to be included.
Statistical analyses were performed in IBM SPSS Statistics
(version 25). Normality of the data was checked with the
ShapiroeWilk test. All p-values < 0.05 were considered statistically
signiﬁcant. All data are presented as mean ± SD or as N (%), unless
mentioned otherwise.
During treatment, objective and subjective olfactory and gustatory function and food preferences were analyzed with a linear
mixed model to assess differences over time and between patient
groups. Patients were added as subjects variable, while time point
of measurement was added as repeated variable. A diagonal
covariance structure was applied. Fixed factors in the model were
group (chemotherapy or comparison group), time point (T1, T2 or
T3 as described in the study design), and the interaction between
group and time point. Dependent variables were scores for the
Snifﬁn’ Sticks, Taste Strips, subjective smell or taste perception as
calculated from the AHSP, liking or ranking scores for the macronutrient categories carbohydrates, fat, protein and low-energy
products and the taste quality sweet. For the liking part of the
MTPRT also the liking score for the savory taste quality was studied;
for ranking this score was not studied, as sweet and savory ranking
scores are each other's opposites by deﬁnition. When signiﬁcant
results were found, the Dunn-Bonferroni procedure was applied to
further explore these.
After treatment, a one-way ANOVA was used to compare scores
for the Snifﬁn’ Sticks and food preferences between groups (6, 12 or
24 months after diagnosis). A Kruskal Wallis test was used to
compare scores for the Taste Strips and subjective smell and taste
perception, between groups. When signiﬁcant results were found,
the Dunn-Bonferroni procedure was applied to further explore
these.
Correlations between subjective and objective smell and taste
function and food preferences, both during and after treatment,
were assessed with Pearson correlations. The Benjamini-Hochberg
procedure was applied to the correlations for food preferences to
account for multiple comparisons, using a false discovery rate of
0.05 [31].

After treatment, 60 patients were included (see Fig. 1). Patients
had a similar age and BMI. There were less men included at T1
compared to T2 and T3; moreover, at T1 the number of patients
with a colon tumor was higher than at T2 and T3 (Table 1).
3.2. Olfactory function
During treatment, there were no signiﬁcant differences for
overall Snifﬁn’ Sticks score between patients undergoing chemotherapy and the comparison group (F(1,99) ¼ 0.50, p ¼ 0.48), between time points (F(2,66) ¼ 0.57, p ¼ 0.57) or for the interaction
between group and time point (F(2,66) ¼ 0.15, p ¼ 0.86; Fig. 2a), nor
for separate scores for threshold, discrimination and identiﬁcation
(Appendix A, Table A1). For subjective smell perception, there was a
signiﬁcant effect of group (F(1,84) ¼ 8.17, p ¼ 0.005), with patients
undergoing chemotherapy rating their subjective smell perception
signiﬁcantly worse than the comparison group. There was no signiﬁcant effect of time point of measurement (F(2,56) ¼ 1.75,
p ¼ 0.18) or the interaction between group and time point
(F(2,56) ¼ 0.10, p ¼ 0.90; Fig. 2b).
After treatment, overall Snifﬁn’ Sticks score was similar for the
patient groups at different time points (F(2,57) ¼ 0.33, p ¼ 0.72;
Fig. 2c), as well as the separate scores for threshold, discrimination
and identiﬁcation (Appendix A, Table A2). Subjective smell
perception also did not differ between the groups (F(2,57) ¼ 1.32,
p ¼ 0.52; Fig. 2d).
3.3. Gustatory function
During treatment, there were no statistically signiﬁcant differences for overall Taste Strips score between the patient groups
(F(1,98) ¼ 0.32, p ¼ 0.57), between time points (F(2,69) ¼ 0.09,
p ¼ 0.92) or for the interaction between group and time point
(F(2,69) ¼ 0.93, p ¼ 0.40; Fig. 3a), nor for separate scores for sweet,
sour, salty and bitter taste (Appendix A, Table A1). For subjective
taste perception, a signiﬁcant effect of group was found
(F(1,99) ¼ 4.08, p ¼ 0.046). Post hoc testing showed that patients
undergoing chemotherapy rated their subjective taste perception
signiﬁcantly worse than the comparison group. There was no signiﬁcant effect of time point of measurement (F(2,65) ¼ 0.62,
p ¼ 0.54) or the interaction between group and time point
(F(2,65) ¼ 2.43, p ¼ 0.10; Fig. 3b).
After treatment, overall Taste Strips scores were similar for the
groups at different time points (F(2,57) ¼ 0.50, p ¼ 0.78; Fig. 3c), as
well as the separate scores for sweet, sour, salty and bitter (see
Appendix A, Table A2). For subjective taste function, there was a
signiﬁcant difference among groups at different time points
(F(2,57) ¼ 12.05, p ¼ 0.002; Fig. 3d). Post-hoc testing showed that 6
months after diagnosis, patients rated their subjective taste
perception signiﬁcantly worse than patients at 12 and 24 months
after diagnosis.

3. Results
3.1. Patient characteristics
During treatment, 35 patients were included (see Fig. 1). Patients had a similar age and BMI. There were more former smokers
(87%) and more men (87%) among patients undergoing chemotherapy compared to the comparison group (respectively 40%
former smokers and 70% men). Most patients undergoing chemotherapy had a stage III tumor, while the patients in the comparison
group mostly had a stage I or stage II tumor. The majority of the
tumors was located in the colon.

3.4. Correlations between objective and subjective olfactory and
gustatory function
Both during and after treatment, objective and subjective smell
were positively correlated, as well as subjective smell and taste.
Objective smell and taste were not correlated, and objective and
subjective taste were not correlated either (Table 2).
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Table 1
Demographic characteristics at diagnosis for the patients measured during treatment and at time point of measurement for patients measured after treatment; medical
characteristics were obtained upon time of diagnosis.
During treatment

Age (years), mean ± SD
Sex (% male)
BMI (kg/m2), mean ± SD
Smoking, N (%)
Never
Former
Current
Tumor stagea, N (%)
I
II
III
IV
N/A
Tumor location
Colon
Rectum
N/A
Chemotherapy regimen, N (%)
CAPOX
Capecitabine
N/A

After treatment

Chemotherapy (n ¼ 15)

Comparison (n ¼ 20)

T1 (n ¼ 20)

T2 (n ¼ 20)

T3 (n ¼ 20)

66 ± 7.7
13 (87%)
28 ± 2.7

67 ± 8.8
14 (70%)
26 ± 3.7

63 ± 9.1
10 (50%)
27 ± 3.9

65 ± 8.9
13 (65%)
27 ± 4.6

66 ± 4.7
13 (65%)
26 ± 2.7

2 (13%)
13 (87%)
0

12 (60%)
8 (40%)
0

7 (35%)
13 (65%)
0

10 (50%)
10 (50%)
0

9 (45%)
10 (50%)
1 (5%)

0
0
11 (73%)
1 (7%)
3 (20%)

8
6
1
0
5

(25%)

1 (5%)
3 (15%)
15 (75%)
0
1 (5%)

0
2 (10%)
15 (75%)
2 (10%)
1 (5%)

0
1 (5%)
17 (85%)
2 (10%)
0

10 (67%)
2 (13%)
3 (20%)

12 (60%)
4 (20%)
4 (20%)

19 (95%)
1 (5%)
0

15 (75%)
4 (20%)
1 (5%)

19 (95%)
1 (5%)
0

5 (33%)
4 (27%)
6 (40%)

e
e
e

15 (75%)
2 (10%)
3 (15%)

11 (55%)
4 (20%)
5 (25%)

17 (85%)
1 (5%)
2 (10%)

(40%)
(30%)
(5%)

BMI: body mass index; CAPOX: chemotherapy regimen of capecitabine þ oxaliplatin; N/A: data not available.
a
Stages as deﬁned by the American Joint Committee on Cancer (AJCC) staging manual (8th edition).

Fig. 2. Mean scores ± SD for a) objective and b) subjective olfactory function during treatment for all three time points and for c) objective and d) subjective olfactory function after
treatment. An asterisk indicates a statistically signiﬁcant difference between groups.
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Fig. 3. Mean scores ± SD for a) objective and b) subjective gustatory function during treatment for all three time points and for c) objective and d) subjective gustatory function after
treatment. An asterisk indicates a statistically signiﬁcant difference between groups.

Table 2
Correlations between objective and subjective olfactory and gustatory function during and after treatment; signiﬁcant correlations are highlighted in bold.
Timing of measurement Objective smell e objective taste Objective smell e subjective smell Objective taste e subjective taste Subjective smell e subjective taste
During (n ¼ 35)
After (n ¼ 60)

r ¼ 0.05, p ¼ 0.63
r ¼ 0.18, p ¼ 0.18

r ¼ 0.42, p < 0.001
r ¼ 0.38, p ¼ 0.003

r ¼ 0.04, p ¼ 0.69
r ¼ 0.20, p ¼ 0.87

r ¼ 0.50, p < 0.001
r ¼ 0.32, p ¼ 0.013

lowest preference scores for high-carbohydrate foods and the
highest preference scores for high-protein foods at all time points.
There were no effects of group or session on ranked preferences for
any of the macronutrients nor for sweet tasting foods (all p > 0.05)
(Appendix B, Table B1).
After treatment, there were no signiﬁcant differences in any of
the liking scores between time points for any of the macronutrients
or taste qualities (all p > 0.05). For ranking, high-carbohydrate
foods were least preferred at all time points. At 6 months after
diagnosis, high-protein foods and low-energy products were
ranked highest, while at 12 and 24 months after diagnosis only
high-protein foods were ranked highest. There were no signiﬁcant
differences in any of the preference scores between time points for
any of the macronutrients or for sweet tasting foods (all p > 0.05;
Appendix B, Table B2).

3.5. Appetite and hunger ratings
Descriptive statistics of the appetite and hunger ratings during
as well as after treatment have been added as an appendix and can
be found in Table A3.
3.6. Food preferences
During treatment, only liking for sweet tasting foods was statistically signiﬁcantly different among groups (F(1.97) ¼ 5.60,
p ¼ 0.02): patients undergoing chemotherapy liked sweet foods
less compared to the comparison group. No other effects of group
or session were found on liking of any of the macronutrients or the
taste quality savory (all p > 0.05). For ranking, both patients undergoing chemotherapy and the comparison group showed the

6

E.M. Postma, D.E. Kok, C. de Graaf et al.

Clinical Nutrition ESPEN xxx (xxxx) xxx

Table 3
Correlations between objective gustatory function and food preference scores during and after treatment; signiﬁcant correlations, after adjustment with the BenjaminiHochberg procedure, are highlighted in bold.
Timing of measurement

Carbohydrates

Fat

Protein

Low-energy

Sweet

During (n ¼ 35)
After (n ¼ 60)

r ¼ 0.18, p ¼ 0.06
r ¼ 0.31, p ¼ 0.02

r ¼ 0.09, p ¼ 0.35
r ¼ 0.06, p ¼ 0.65

r ¼ 0.36, p < 0.001
r ¼ 0.20, p ¼ 0.13

r ¼ -0.28, p ¼ 0.004
r ¼ 0.02, p ¼ 0.89

r ¼ 0.22, p ¼ 0.03
r ¼ 0.04, p ¼ 0.76

subjective testing in addition to objective testing, as subjective
smell and taste perception play an important role in eating
behavior in daily life.
We found no changes in food preferences over the course of
chemotherapy treatment, which conﬁrms results from previous
studies on food preferences in other speciﬁc cancer patient populations based on the same [3] or a comparable task [6,7]. However,
we did ﬁnd that a lower objective gustatory function was correlated
with lower preference for high-protein foods and a higher preference
for low-energy foods. It is known that cancer patients often have
difﬁculties maintaining an adequate protein intake [40] and that highprotein foods like meat are often reported to be aversive by patients
undergoing chemotherapy [12,41]. A qualitative study among patients undergoing a chemotherapy regimen containing oxaliplatin,
which was also used in the current patient population, showed that
changes in taste perception in these patients were mostly related to
broader changes in ﬂavor perception and food enjoyment [39].
Moreover, in patients with metastatic or irresectable esophagogastric
cancer, lower self-reported taste function similarly correlated with a
lower preference for protein. These patients underwent the same
chemotherapy regimen as patients in the current study, although in a
palliative setting [42]. Therefore, changes in taste perception can alter
ﬂavor perception, which might subsequently impact food preferences
and nutritional intake in cancer patients undergoing chemotherapy.
A particular strength of the study was the inclusion of a baseline
measurement (i.e. before start of chemotherapy) for all patients that
were measured during treatment. Moreover, we included a group of
colorectal cancer patients who did not undergo adjuvant chemotherapy as a comparison group, to investigate changes in olfactory and
gustatory function that may occur speciﬁcally as result of chemotherapy treatment, and their duration, rather than these effects
occurring as results of the cancer or other treatment procedures.
However, for the interpretation of our results, it should be taken
into account that our study population included patients who were
diagnosed with different stages of colorectal cancer. As the stage of
disease affects the treatment that is applied [43], research in a
homogeneous population of patients in the same stage of disease is
warranted to further investigate the effect of the tumor as well as
other (preceding) treatment procedures. However, in such a study
it will be hard to include a control group of patients with the same
clinical characteristics not undergoing chemotherapy. Furthermore,
it should be noted that chemotherapy strategies might have deviated for individual patients, for example due to experienced
treatment-related toxicity, and that our sample size was limited,
despite our recruitment efforts. However, the results we found
were in line with previous ﬁndings in colorectal cancer patients on
self-reported changes in olfactory and gustatory function [11,23]
Moreover, our sample size calculation was based on previous
studies on changes in olfactory and gustatory function in other
populations of cancer patients undergoing chemotherapy.
In the current study, actual dietary intake was not measured.
Our study in breast cancer patients showed that side-effects of
treatment, such as changes in subjective taste perception, a dry

No signiﬁcant correlations between any of the liking or preference scores and objective olfactory function, subjective smell
perception or subjective taste perception were found during
treatment. However, objective gustatory function was signiﬁcantly
positively correlated to preference for high-protein foods and
negatively correlated to preference for low-energy products
(Table 3). After treatment, there were no signiﬁcant correlations
between any of the liking or preference scores and objective olfactory and gustatory function or subjective smell and taste
perception.
4. Discussion
This study aimed to investigate chemosensory perception and
food preferences in colorectal cancer patients undergoing chemotherapy as compared to colorectal cancer patients who did not
receive adjuvant chemotherapy, during and after treatment. There
were no statistically signiﬁcant differences in objective olfactory
and gustatory function between patients undergoing chemotherapy and the comparison group nor after treatment. However,
subjective smell and taste perception were rated worse by patients
during chemotherapy than by those who did not undergo adjuvant
chemotherapy. Patients undergoing chemotherapy rated their
subjective taste perception signiﬁcantly lower at 6 months after
diagnosis, than patients at 12 and 24 months after diagnosis. Food
preferences did not differ between the groups nor at any time point.
Patients undergoing chemotherapy rated their subjective
smell and taste perception signiﬁcantly lower than the comparison group, while we did not ﬁnd any differences in objective
olfactory and gustatory function. These results are in line with
previous studies, that also mainly reported changes in subjective
smell and taste perception in other populations of cancer patients
during and shortly after chemotherapy treatment, despite heterogeneity in patient groups and measuring methods [32]. We
used the AHSP to assess subjective smell and taste perception
[29], as was also done in collaborative previous studies [7,21],
while other studies [33,34] used the Chemotherapy-induced
Taste Alteration Scale [35]. The latter questionnaire also includes questions on experiencing aberrant tastes, which might
not be detected by objective clinical tests, such as the Taste Strips.
This concurs with the fact that we did ﬁnd a correlation, albeit
weak, between objective and subjective olfactory perception, but
not between objective and subjective gustatory perception.
Experiencing a constant metallic taste [13,36] is one of the most
self-reported taste-related complaints in cancer patients undergoing chemotherapy [37]. However, metallic taste is not considered one of the basic tastes [38]. It is therefore questionable
whether experiencing a metallic taste can actually be seen as a
change in taste perception, or should rather be regarded as
altered ﬂavor perception [39]. Patients might perceive changes in
ﬂavor perception as alterations in chemosensory perception
regardless of objectively detectable changes in olfactory and
gustatory function. Our results highlight the importance of
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for Health Research and Development, the Netherlands).

mouth and difﬁculties in chewing, were associated with a lower
energy intake and speciﬁcally lower intake of protein and fat during
chemotherapy [21]. This suggests that subjective complaints, which
might not be detected by objective clinical tests, and subsequent
changes in ﬂavor perception, are relevant in the context of eating
behavior. To gain further insights in the relation between changes
in ﬂavor perception and eating behavior, a next step would be to
investigate olfactory and gustatory function as well as actual food
intake in a cohort of colorectal cancer patients.
Changes in olfactory and gustatory function should be detected
early during treatment to allow early interventions and to prevent the
detrimental effects they may can result in. A recent trial showed that a
smell and taste training during chemotherapy, including actively
tasting and smelling foods and odors on daily basis over the course of
several weeks, can improve gustatory function in patients with
changes in gustatory function. However, this did not directly improve
quality of life or decrease the risk of malnutrition [44]. As changes in
gustatory function can lead to a reduced energy intake [45], it would
be highly relevant to investigate the relation between this training
and dietary intake, which was not included in the current study.
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5. Conclusions
This study showed that in colorectal cancer patients undergoing
chemotherapy mainly subjective olfactory and gustatory function are
affected during and shortly after treatment. Objective changes in olfactory and gustatory function in relation to chemotherapy were not
detected by the clinical tests used in our study. However, the combination of alterations in subjective smell and taste perception might
lead to a changed ﬂavor perception, which can impact food preferences and eating behavior. Our results provide leads to speciﬁcally
consider protein intake in patients who are affected by (subjective)
changes in gustatory function. As an adequate nutritional status is
important during treatment and recovery and improves wellbeing of
patients, colorectal cancer patients would beneﬁt from recommendations on dietary intake that take changes in olfactory and gustatory
function into account.

Declaration of Competing Interest
All authors report to have no conﬂicts of interest.
Acknowledgements
The authors would like to thank all participants, the involved coworkers in the participating hospitals, and the COLON investigators
at Wageningen University & Research. Additionally, we want to
thank Eline Nawijn, Rosan van den Bogaard, Boudien van der Werf,
Mirjam van den Brink, Alice Geurtsen and Sophia Eijsman for their
help in performing all measurements.

Funding sources

Appendix A. Objective and subjective smell and taste scores
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Netherlands Organization for Scientiﬁc Research (NWO;
Table A1. Separate and total objective smell and taste scores and subjective smell score during treatment; scores are shown as mean ± SD. Statistically signiﬁcant differences are
indicated in bold.

Threshold
Discrimination
Identiﬁcation
Total TDI-score
Subjective smell
Sweet
Sour
Salty
Bitter
Total taste score
Subjective taste

Patients undergoing chemotherapy

Comparison group

T1

T2

T3

T1

T2

T3

F

P

F

P

F

P

5.9 ± 2.87
10.7 ± 2.40
11.5 ± 2.92
28.1 ± 6.63
20.9 ± 2.79
2.8 ± 0.78
1.8 ± 0.78
2.6 ± 1.06
2.7 ± 1.11
9.9 ± 2.26
29.4 ± 2.29

6.6 ± 3.22
10.8 ± 2.18
10.1 ± 2.74
27.4 ± 6.36
20.2 ± 3.32
3.1 ± 0.88
1.8 ± 0.94
2.2 ± 0.86
2.4 ± 1.40
9.5 ± 2.45
26.9 ± 4.15

5.2 ± 3.08
10.0 ± 2.62
11.3 ± 2.46
26.4 ± 6.65
19.6 ± 4.52
2.5 ± 0.74
2.0 ± 0.76
1.8 ± 0.68
2.5 ± 1.41
8.9 ± 2.23
26.9 ± 5.04

6.6 ± 2.84
10.7 ± 2.05
10.9 ± 2.69
28.2 ± 5.29
22.7 ± 2.06
3.0 ± 0.83
1.9 ± 0.85
2.3 ± 1.14
2.2 ± 1.24
9.5 ± 2.61
28.6 ± 4.22

7.3 ± 2.60
10.6 ± 2.01
11.2 ± 2.80
29.0 ± 5.68
22.4 ± 2.54
2.8 ± 0.95
2.0 ± 0.92
2.3 ± 1.13
2.4 ± 1.23
9.5 ± 2.96
29.5 ± 3.33

6.6 ± 2.74
9.9 ± 1.94
10.9 ± 2.21
27.3 ± 5.13
21.1 ± 3.46
3.1 ± 1.00
2.4 ± 0.93
2.3 ± 0.92
2.4 ± 1.18
10.1 ± 2.52
29.4 ± 2.54

2.53
0.07
0.004
0.50
8.17
0.93
1.59
0.36
0.76
0.32
4.08

0.12
0.78
0.95
0.48
0.005
0.34
0.21
0.55
0.39
0.57
0.046

1.17
1.33
0.42
0.57
1.75
0.27
1.43
1.65
0.01
0.09
0.62

0.32
0.27
0.66
0.57
0.18
0.76
0.25
0.20
0.99
0.92
0.54

0.19
0.01
0.97
0.15
0.10
1.64
0.19
1.32
0.31
0.93
2.43

0.83
0.99
0.39
0.86
0.90
0.20
0.83
0.27
0.74
0.40
0.10
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Table A2. Separate and total objective and subjective smell and taste scores after treatment; scores are shown as mean ± SD. Different letters indicate a signiﬁcant difference
between time points.

Threshold
Discrimination
Identiﬁcation
Total TDI-score
Subjective smell
Sweet
Sour
Salty
Bitter
Total taste score
Subjective taste

6 months after diagnosis (n ¼ 20)

12 months after diagnosis (n ¼ 20)

24 months after diagnosis (n ¼ 20)

F

P-value

6.4 ± 2.07
11.3 ± 2.43
10.3 ± 2.69
28.0 ± 4.97
21.1 ± 2.77
2.9 ± 1.02
2.2 ± 0.93
3.0 ± 0.92
2.5 ± 1.54
10.6 ± 3.07
24.0 ± 5.47a

6.8 ± 3.25
10.4 ± 2.37
11.2 ± 2.69
28.5 ± 6.54
22.1 ± 3.36
2.7 ± 1.03
2.1 ± 1.17
2.4 ± 1.46
2.5 ± 1.43
9.7 ± 3.56
28.4 ± 3.91b

6.0 ± 2.73
11.9 ± 2.28
11.5 ± 2.21
28.6 ± 5.50
21.1 ± 4.09
3.0 ± 1.12
2.1 ± 0.76
2.6 ± 1.35
2.3 ± 1.33
9.9 ± 3.74
28.9 ± 2.70b

0.44
1.79
1.32
0.33
1.32
1.20
0.31
1.62
0.56
0.50
12.05

0.64
0.18
0.28
0.72
0.52
0.55
0.86
0.44
0.76
0.78
0.002

Table A3. Scores for subjective appetite and subjective hunger ratings during and after treatment; scores are shown as mean ± SD.
During treatment

After treatment

Patients undergoing
chemotherapy (n ¼ 15)
T1

T2

6 months after
12 months after
24 months after diagnosis (n ¼ 20)
diagnosis (n ¼ 20) diagnosis (n ¼ 20)

Comparison
group (n ¼ 20)
T3

T1

T2

T3

Appetite 23.3 ± 2.27 21.3 ± 3.81 22.3 ± 4.64 22.0 ± 3.79 23.1 ± 2.55 23.7 ± 2.50 19.5 ± 4.65
Hunger
37.3 ± 3.33 34.7 ± 5.70 35.3 ± 5.95 35.8 ± 5.44 36.2 ± 4.88 36.8 ± 5.16 31.7 ± 6.67

22.3 ± 3.95
35.3 ± 4.72

22.9 ± 2.70
36.9 ± 5.53

Appendix B. Macronutrient and taste liking and preference
scores

Table B1. Liking and preference scores for all macronutrients and the taste categories sweet and savory during treatment; scores are shown as mean ± SD. For ranking only the
score for sweet is shown, as this is the opposite of the score for savory. Statistically signiﬁcant differences are indicated in bold.

Liking
Carbohydrates
Fat
Protein
Low-energy
Sweet
Savory
Preference
Carbohydrates
Fat
Protein
Low-energy
Sweet

Patients undergoing chemotherapy

Comparison group

T1

T1

T2

50.6
63.3
67.1
63.2
61.9
61.8
2.1
2.6
2.9
2.4
2.7

±
±
±
±
±
±

±
±
±
±
±

18.96
14.30
10.84
15.87
10.45
8.85

0.48
0.55
0.38
0.78
0.25

T3

53.9
65.3
67.7
63.9
64.3
63.0
2.0
2.5
2.9
2.6
2.6

±
±
±
±
±
±

±
±
±
±
±

19.59
17.16
13.37
14.82
13.10
10.37

0.51
0.48
0.55
0.79
0.29

49.2
65.0
67.7
61.6
63.1
60.3
2.0
2.5
2.9
2.6
2.7

±
±
±
±
±
±

±
±
±
±
±

17.49
11.64
14.25
14.97
9.79
9.39

56.6
65.9
65.8
65.3
69.1
63.0

0.56
0.49
0.56
0.75
0.23

2.1
2.6
2.7
2.5
2.7

Group

T2
±
±
±
±
±
±

±
±
±
±
±

13.45
12.45
16.27
12.62
14.89
9.35

T3

57.7
67.5
68.6
67.1
69.5
65.1

0.53
0.50
0.81
0.55
0.56

2.1
2.6
2.9
2.4
2.7

±
±
±
±
±
±

±
±
±
±
±

13.16
15.09
13.80
12.83
14.74
9.66

0.54
0.50
0.76
0.60
0.52

57.6
66.6
70.2
68.4
69.1
65.9
2.1
2.6
2.7
2.6
2.8

±
±
±
±
±
±

15.65
14.98
11.47
13.57
12.93
10.87

±. 051
± 0.50
± 0.70
± 0.64
± 0.47

Time point

Interaction

F

P

F

P

F

P

3.58
0.58
0.06
2.11
5.60
2.42

0.06
0.45
0.81
0.15
0.02
0.12

0.23
0.14
0.31
0.07
0.09
0.26

0.79
0.87
0.74
0.93
0.92
0.77

0.17
0.009
0.17
0.26
0.05
0.47

0.84
0.99
0.85
0.77
0.96
0.63

0.80
0.21
1.21
0.001
0.72

0.37
0.65
0.28
0.97
0.40

0.001
0.45
0.08
0.18
0.09

1.00
0.64
0.93
0.83
0.91

0.06
0.07
0.23
0.48
0.03

0.94
0.93
0.80
0.62
0.97

Table B2. Liking and preference scores for all macronutrient and taste categories after treatment; scores are shown as mean ± SD.
6 months after diagnosis (n ¼ 20)
Liking
Carbohydrates
Fat
Protein
Low-energy
Sweet
Savory
Preference
Carbohydrates
Fat
Protein
Low-energy
Sweet

49.7
60.9
63.9
74.2
65.8
64.5
2.0
2.6
2.7
2.7
2.7

±
±
±
±
±
±

±
±
±
±
±

16.34
17.45
19.60
12.29
9.82
10.52

0.51
0.63
0.77
0.74
0.35

12 months after diagnosis (n ¼ 20)
50.5
67.1
67.0
64.5
65.0
62.1
2.1
2.8
3.0
2.2
2.7

±
±
±
±
±
±

±
±
±
±
±

14.34
12.31
17.94
12.98
12.59
9.86

24 months after diagnosis (n ¼ 20)
54.7
69.0
68.3
68.9
71.3
64.6

0.36
0.45
0.76
0.54
0.24

2.0
2.7
2.9
2.5
2.7
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±
±
±
±
±
±

±
±
±
±
±

15.56
13.34
19.76
13.09
10.41
12.60

0.34
0.52
0.66
0.55
0.27

F

P-value

0.604
1.711
0.277
2.902
1.955
0.338

0.55
0.19
0.76
0.06
0.15
0.72

0.059
0.746
0.626
3.023
0.097

0.94
0.48
0.54
0.06
0.91
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