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Abstract

Purpose The purpose of the study was to assess self-reported taste and smell perception after chemotherapy in breast cancer
patients compared with women without cancer, and to assess whether taste and smell perception is associated with quality
of life after the end of chemotherapy.

Methods We included 135 newly diagnosed breast cancer patients who completed chemotherapy and 114 women without
cancer. Questionnaires on taste, smell, and quality of life were completed shortly after and 6 months after chemotherapy
(patients) or at two moments with 6 months’ time window in between (comparisons).

Results Self-reported taste and smell perception were significantly lower in patients shortly after chemotherapy compared
to the comparison group. Most patients recovered 6 months after chemotherapy, although patients who were still receiving
trastuzumab then reported a lower taste and smell perception compared to patients who were not. A lower self-reported
taste and smell were statistically significantly associated with a worse quality of life, social, emotional, and role functioning
shortly after chemotherapy. Six months after chemotherapy, taste and smell were statistically significantly associated with
quality of life, social and role functioning, but only in patients receiving trastuzumab.

Conclusions Most taste and smell alterations recovered within 6 months after the end of chemotherapy for breast cancer,
but not for patients receiving trastuzumab. These results highlight the importance of monitoring taste and smell alterations
during and after treatment with chemotherapy and trastuzumab, as they may impact quality of life.
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Taste and smell alterations are amongst the most distressing
side effects of chemotherapy treatment in cancer patients
and may seriously impact everyday life of cancer patients
[1]. Qualitative studies show that taste and smell alterations
during chemotherapy have an impact on patient’s lives in
terms of household roles (e.g., partners that take over gro-
cery shopping and cooking) and social interactions (e.g.,
not eating out or inviting friends for dinner) [2, 3]. Also
quantitative studies have shown that cancer patients with an
altered taste and/or smell during chemotherapy have a lower
quality of life [4-7].

Previous research has shown that taste and smell altera-
tions are largely transient, and usually recover within the
first three months after the end of chemotherapy [8—10].
However, some studies suggest that taste and smell may be
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distorted well beyond the end of chemotherapy [11-13].
To date, there is not much known about factors that influ-
ence taste and smell perception after the end of chemo-
therapy, but potentially this is affected by the consequent
treatment that patients receive. E.g., breast cancer patients
treated with neo-adjuvant chemotherapy may still undergo
surgery and/or radiotherapy, about 60-75% of patients
receive hormonal therapy [14] and approximately 30%
of patients receives trastuzumab [15, 16]. If, and to what
extent these factors relate to taste and smell perception,
and whether it is related to quality of life after the end of
chemotherapy is currently unknown.

To understand more about the nature and impact of
taste and smell changes after chemotherapy treatment,
the aim of the current study was twofold. First, we
assessed reported taste and smell changes shortly after,
and 6 months after chemotherapy in breast cancer patients
compared to a group of women without breast cancer. Sec-
ond, we aimed to determine the association between taste
and smell perception and quality of life shortly after and
6 months after chemotherapy.

Materials and methods
Participants

This study is part of the COBRA-study [17], an observa-
tional multi-center study among breast cancer patients dur-
ing chemotherapy and a comparison group of women with-
out cancer of similar age. Women with newly diagnosed,
stage I-1IIB, operable breast cancer, who were scheduled
to receive chemotherapy were recruited for this study in
11 hospitals in the Netherlands. In addition, we recruited
a comparison group of women without breast cancer.
Participants for this comparison group were recruited
via patients; patients were asked to distribute envelopes
with study information to friends, acquaintances, and col-
leagues of similar age. If these friends/acquaintances/col-
leagues were interested in participating in the study, they
were asked to contact the researchers who explained the
study procedures. To be eligible for the patient or com-
parison group, participants had to be at least 18 years old
and had to able to communicate in Dutch. For both groups,
exclusion criteria were as follows: history of cancer, previ-
ous treatment with chemotherapy, pregnancy or the inten-
tion to get pregnant during the study period, dementia or
other mental conditions that made it impossible to comply
with study procedures. The protocol was approved by the
Medical Ethical Committee of Wageningen University,
Wageningen, the Netherlands. All participants provided
written informed consent before enrolment.
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Study design

We assessed self-reported taste and smell perception and
quality of life at two moments. For breast cancer patients,
this was within 1 month after the last chemotherapy cycle
(T1) and approximately 6 months after the last chemo-
therapy cycle (T2). Most of the patients who received
trastuzumab as part of their systemic treatment were still
receiving this on T2 (n = 29 out of n = 31 patients receiv-
ing trastuzumab), but had completed the chemotherapy
part of systemic treatment at T1.

In the comparison group, measurements took place at
two moments that were approximately 6 months apart.
In total, 135 patients and 114 controls were included in
the analyses, see Fig. 1 for an overview flow chart of in-
and excluded participants. Patients who did not fill in
the questionnaires within 1 month after the last chemo-
therapy cycle (T1), or did not fill in the questionnaires
within 5-8 months after the last chemotherapy cycle (T2)
were excluded from the analyses (n = 7). On average,
the time between the first and second measurement was
207 + 18 days (patients) and 194 + 17 days (controls).

Measurements
Self-reported taste and smell

The appetite, hunger, and sensory perception (AHSP)
questionnaire was used to assess self-judgement of taste
and smell perception [18]. The questionnaire consists of
questions answered on a 5 point Likert scale. For this
study, we used the taste (8 items, score range 8—40) and
smell (6 items, range 6-30) scale. A higher score corre-
sponds to a more positive judgement about current taste
and smell perception.

To assess the prevalence of taste and smell changes in
patients, two questions were added from the 16-item taste
and smell questionnaire [19]: (1) Have you noticed any
changes in your sense taste compared to before chemo-
therapy? (2) Have you noticed any changes in your sense
smell compared to before chemotherapy? Answer possi-
bilities: no, it is the same; yes, it is better; yes, it is worse.

Quality of life

The EORTC QLQ-C30 was used to assess health-related
quality of life [20]. For this study, we used the scales for
global quality of life, and the functional scales for social,
role and emotional functioning. Questions were asked on a
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Considered for participation n=3393
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(n=27) (n=39)
» Questionnaires were returnad Questionnaires were returnad
l too late(n=7) too late(n=16)
i

Comparison
group n=114
Population for
analysis

Fig. 1 Flow chart of participants of the COBRA study, an observational multi-center study among breast cancer patients during chemotherapy

and a comparison group of women without cancer of similar age

4-point Likert scale, and were transformed to scales from 0
to 100 according to the questionnaire guidelines [21]. For
all quality of life scales, a higher score corresponds to a
better quality of life or level of functioning.

Demographic and clinical characteristics

All participants filled out a general questionnaire for demo-
graphic information which included age, smoking status
(current, former, never), educational level (low, middle,
high), and living situation (alone, with partner and/or chil-
dren). Information on stage of disease at diagnosis (stage
L, II, or IIT) and treatment (neo- or adjuvant chemotherapy,
type of chemotherapy, hormone treatment yes/no, trastu-
zumab yes/no) were obtained from patients’ medical records.
Chemotherapy regimens were categorized to combined and
sequential regimes. Combined regimes included schemes
where all different components were administered together
during all cycles, such as TAC (6 X docetaxel, doxoru-
bicin and cyclophosphamide every 3 weeks). Sequential
regimes included schemes where different components

were administered in different cycles such as ACP (ACP:
4 x adriamycin and cyclophosphamide every 3 weeks fol-
lowed by 12 X paclitaxel weekly).

Data analysis

Demographic, clinical variables and prevalence of taste and
smell changes are presented as mean + SD or n (%). We
used a linear mixed model analysis to assess differences in
the AHSP subscales for taste and smell and quality of life
outcomes over time and between groups. Time (T1 and T2)
and group (patient or comparison group) were included in
the model as fixed and participants as random factor.
Analysis of covariance was used to assess associations
between demographic, clinical variables (stage of disease,
adjuvant/neo-adjuvant treatment, type of chemotherapy, hor-
mone treatment, and trastuzumab) and taste and smell on
both time points separately. Analysis of covariance was also
used to assess the association between taste, smell, and qual-
ity of life. Relevant covariates were included in the models
based on the literature and change of regression coefficient.

@ Springer



30

Breast Cancer Research and Treatment (2018) 170:27-34

Variables that changed the regression coefficient > 10%
in the adjusted model compared to the crude model were
included in the final model. Final models were adjusted for
age. Possible effect modifiers were assessed by including
interactions in the model. Variables assessed as effect modi-
fiers were as follows: adjuvant/neo-adjuvant treatment, type
of chemotherapy (combined vs. sequential), hormone treat-
ment (yes vs. no), and trastuzumab (yes vs. no). Statistical
analyses were performed using IBM SPSS statistics version
23. A p value < 0.05 was considered statistically significant.

Results

Demographic and clinical characteristics of the patient
and the control group are shown in Table 1. Breast can-
cer patients had a slightly lower age and higher BMI than
the women without breast cancer. Furthermore, the patient
group had more current smokers and fewer former smokers
than the comparison group. The groups were similar in edu-
cation level and living situation. Most patients had a stage II
tumor and were treated with adjuvant chemotherapy.

Both shortly after (T1) and half a year after chemotherapy
(T2), breast cancer patients reported a lower taste perception
compared to the comparison group (Fig. 2a). The compari-
son group remained stable, while, in the patient group, self-
reported taste perception improved over time. Results were
similar for self-reported smell perception (Fig. 2b), although
there was no significant difference for smell at T2 between
the patient and the comparison group.

At T1 (shortly after chemotherapy), 65% of patients
reported their taste perception as worse compared to before
chemotherapy, 3% reported a better taste perception and 32%
reported their taste perception as unchanged. Half a year
later (T2), 16% of patients reported a worse taste perception,
8% a better taste perception and 76% reported their taste to
be the same as before chemotherapy.

For smell at T1, 19% of patients reported their smell per-
ception to be worse; 16% reported a better smell percep-
tion, and 65% reported their smell to be the same as before
chemotherapy. Half a year later (T2), only 3% reported a
worse smell perception, 12% better, and 85% reported their
smell perception to be the same as before chemotherapy.

Both shortly after (T1) and half a year after chemo-
therapy (T2), age, BMI, smoking status, living situation,
education level, stage of disease, receiving adjuvant or
neo-adjuvant treatment, type of chemotherapy and receiv-
ing hormone treatment were all not associated with self-
reported taste or smell (data not shown). At T2, patients
receiving trastuzumab (n = 31) scored 2.6 points lower
on the taste scale (f = — 2.6, 95% CI — 4.17; — 1.08,
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Table 1 Demographic and clinical characteristics of women without
breast cancer (comparison group), and women with breast cancer
(patients) presented as mean (SD) or n (%)

Comparison n = 114 Patients n = 135

Demographic characteristics

Age (years) 55.4(10.2) 52.5(9.1)
BMI (kg/m?) 24.9 (3.5) 26.0 (4.0)
Smoking*
Current 10 (9) 21 (15)
Former 62 (54) 56 (42)
Never 42 (37) 57 (43)
Education®
Lower 9(8) 12 (9)
Middle 32 (28) 42 (31)
Higher 73 (64) 80 (60)
Living situation®
Alone 15 (13) 16 (12)
With partner and/or 99 (87) 118 (88)
children
Clinical characteristics
Adjuvant chemotherapy 83 (61)
Neo-adjuvant chemo- 52 (39)
therapy
Stage
1 36 (27)
I 79 (59)
I 19 (14)
Chemotherapy
Combined treatment 62 (46)
Split treatment 73 (54)
Hormone treatment®
Yes 104 (78)
No 30 (22)
Trastuzumab
Yes 31 (23)
No 104 (77)

1 missing for patient group

p = 0.001) and 2.0 points lower smell scale (f = — 2.0,
95% CI — 3.12; — 0.87, p = 0.001) compared to patients
not receiving trastuzumab (n = 104).

Global quality of life was significantly lower in the
patient group compared to the comparison group at both
time points (Fig. 3a), but significantly improved half a year
after chemotherapy. These patterns between groups and
over time were similar for role functioning and social func-
tioning (Fig. 3b, c). For emotional functioning, patients
scored lower compared to the comparison group at T1
and T2, and this did not improve half a year after chemo-
therapy (Fig. 3d).
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Fig.3 Global quality of life (a) and function scales (b social, ¢ role,
and d emotional functioning) of the EORTC-QLQ-C30 (mean + SD)
over time for the patient and comparison group. T1 represents the first
measurement which for the patients was done shortly after chemo-

Associations between taste, smell, and quality of life
shortly and half a year after chemotherapy

In patients, better reported taste and smell shortly after
chemotherapy (T1) were statistically significantly associated
with better global quality of life, role functioning, social
functioning and emotional functioning (Table 2).

Half a year after the end of chemotherapy, the asso-
ciation between taste, smell, and global quality of life,
role functioning and social functioning, was different for

therapy; T2 is the second measurement, which took place ~ 6 months
after the first measurement. *indicates a significant difference at
p <0.05

patients receiving trastuzumab versus patients not receiv-
ing trastuzumab (Table 3). Only in patients who received
trastuzumab, better reported taste and smell perception
were statistically significantly associated with a better
global quality of life; in addition, better reported taste
and smell were associated with better role functioning
and social functioning. In patients not treated with trastu-
zumab, reported taste and smell perception were not statis-
tically significantly associated with global quality of life,
role functioning, and social functioning.
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Table2 The association between taste, smell, and quality of life
outcomes in breast cancer patients shortly after chemotherapy (T1),
adjusted for age

B SE p value 95% CI

Taste

Global quality of life 0.99 0.26 <0.001  047;1.51

Role functioning 1.74 0.36 < 0.001 1.03; 2.44

Social functioning 1.14 0.32 <0.001  0.51;1.77

Emotional functioning 0.79 0.28 <0.005 0.24;1.35
Smell

Global quality of life 1.09 0.44 0.02 0.21; 1.96

Role functioning 1.50 0.62 0.02 0.27;2.74

Social functioning 1.69 0.52 < 0.01 0.65;2.72

Emotional functioning 1.23 0.46 < 0.01 0.32;2.14

f represents the difference in quality of life outcome per 1 unit higher
score on taste or smell as assessed with the AHSP questionnaire

Discussion

In this study, we assessed reported taste and smell changes
shortly after, and 6 months after chemotherapy in breast
cancer patients compared to a group of women without
breast cancer. Furthermore, we determined the associa-
tion between taste and smell perception and quality of life
shortly after and 6 months after chemotherapy.

In line with previous studies in breast cancer patients,
we showed that taste and smell perception are altered
shortly after the end of chemotherapy, but recovered in the
6 months after the end of chemotherapy for most patients
[8, 9]. The prevalence of taste (68%) and smell alterations
(35%) shortly after chemotherapy are also within the range
described in the previous literature for taste (45-84%)
and smell (5-60%) [22]. Interestingly, half a year after
chemotherapy self-reported taste and smell perception

were lower in patients receiving trastuzumab compared to
patients not treated with trastuzumab.

We found that lower taste and smell perception were
associated with lower quality of life, which is in line with
previous studies in cancer patients during chemotherapy [4,
5, 23]. In addition, role and social functioning were associ-
ated with worsened taste and smell perception. Although
these findings are associations, it is likely that changes in
role functioning could indeed be a result of changes in taste
and smell, e.g., role functioning may be affected because a
partner needs to take over cooking, because cooking smells
are being experienced by patients as offensive or nauseating
[2, 23]. Problems with cooking are commonly reported in
patients with olfactory dysfunction, as they have difficulties
with smelling whether food is spoiled [24, 25]. In addition,
research in the general population has shown that women
with good smell function tend to have more active social
lives than those with diminished smell function [26].

To the best of our knowledge, this is the first study that
showed that taste or smell changes persist during the period
of trastuzumab when the patients are no longer receiving
chemotherapy. Our follow-up period started half a year after
the end of chemotherapy, so we could not study whether
these changes in taste and smell in trastuzumab-treated
patients were also transient and recovered after trastuzumab
ended. Therefore, a future project should assess taste and
smell perception before, at several moments during and after
the end of treatment with trastuzumab. This will give insight
in whether these alterations might diminish or worsen over
the trajectory, and whether these alterations recover after
the end of treatment with trastuzumab. If future studies con-
firm our findings on trastuzumab and taste and smell, further
mechanistic work is needed to understand how trastuzumab
affects the sensory system. For chemotherapy, the general
hypothesis is that it acts on rapidly dividing cells, and ther-
apy may therefore also impact the taste and smell receptor
cells that have a turnover rate of 1 week to a month [27, 28].

Table 3 The association
between taste, smell, and quality

Patients receiving trastuzumab

Patients not receiving trastuzumab

. . (n=31) (n=104)

of life outcomes in breast cancer

patients half a year after the end B SE  pvalue 95%CI B SE  pvalue 95%CI

of chemotherapy, (T2) stratified

for trastuzumab, adjusted for Taste

age Global quality of life  2.52 0.77 <0.01 0.92;4.12 0.76 053 0.15 -0.29; 1.81
Role functioning 3.01 0.88 < 0.01 1.19; 4.82 024 077 0.76 —-1.29;1.76
Social functioning 347 093 <0.001 1.56;5.38 0.78 0.62 0.21 —0.46; 2.01

Smell

Global quality of life  3.11  1.16 0.013 0.72;5.49 0.37 0.72 0.60 —1.06; 1.81
Role functioning 3.05 1.39 0.04 0.18; 5.92 -0.29 1.04 0.78 —-2.36;1.77
Social functioning 418 142 <0.01 1.25;7.10 0.52 084 054 - 1.16;2.20

B represents the difference in quality of life outcome per 1 unit higher score on taste or smell as assessed

with the AHSP questionnaire
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Objective measurements of taste and smell function could
help to elucidate whether these alterations are due to actual
dysfunction of the sense of taste and/or smell. Research has
shown that a lower taste perception during chemotherapy
in breast cancer patients is associated with a lower energy
intake, specifically for protein and fat intake [17]. Poten-
tially, patients who are treated with trastuzumab have a lower
energy intake for a prolonged period of time, which might
have an impact on their nutritional status.

Although we did not perform objective or baseline smell
or taste measurements in the complete patient and compari-
son group in the present study, we did collect these data
in a subgroup of patients and control women (n = 28 per
group, as reported in [29]). Those data show that before start
of chemotherapy there are no differences in self-reported
smell or taste perception, or in objective smell or taste meas-
urements, between patients and control women. This sug-
gests that the findings reported here reflect actual changes
in taste perception in the patient group, rather than differ-
ences between the groups, or alterations in the patient group
already at baseline.

Six months after the end of chemotherapy, the score on
taste was 2.6 points lower, and on smell 2.0 points lower in
patients receiving trastuzumab than in patients not receiv-
ing trastuzumab. Even though the differences were small,
there was a significant association with quality of life at this
time point in the patients receiving trastuzumab, which was
not present among the patients not receiving trastuzumab.
This suggests that, although reported differences in taste and
smell are small, they may affect quality of life.

Unfortunately, there are currently no effective interven-
tions for taste and smell alterations in cancer patients. How-
ever, it is important to monitor these alterations over the
treatment trajectory in breast cancer patients, in particular
given that those changes may have an impact on quality of
life and on nutritional status. After chemotherapy has ended,
specifically patients who are treated with trastuzumab are a
group of interest that warrants the attention of clinicians.

In conclusion, this study shows that most taste and smell
alterations recover after chemotherapy for breast cancer,
but importantly, not for patients who receive trastuzumab.
Monitoring of changes in taste and smell may be warranted
especially for patients receiving trastuzumab as they may
potentially impact quality of life and nutritional status.
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