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Abstract
Purpose The aim of this study was to characterize the taste changes and taste bud atrophy observed in the period of neutropenia
of HCT and to determine the influence of transplantation toxicity on these changes.
Methods Autologous and allogeneic HCT patients (n = 51) were selected to perform taste acuity tests prior to conditioning (T0)
and during neutropenia (T1). The frequency and time duration of oral mucositis, presence of tongue depapillation, and salivary
flow rate were also evaluated. Quality of life was assessed using specific questionnaires.
Results We observed a significant increase in hypogeusia (66.6%, p = 0.001) and dysgeusia (21.4%, p = 0.013) at T1, compared
with T0. Bitter taste was the most altered, mainly when the patient underwent conditioning with melphalan (OR = 4.47, p =
0.049). Prolonged oral mucositis (≥ 8 days) (OR = 5.62, p = 0.039) and autologous transplantation (OR = 4.08, p = 0.033) were
predictive factors for tongue depapillation. Changes in sour taste (OR = 10.70, p = 0.045) and reduced salivary flow (OR = 21.00,
p = 0.013) were associated to body weight loss at T1. Taste changes significantly reduced the quality of life at T1, compared with
T0.
Conclusions Frequency of hypogeusia was high in the neutropenia period of the HCT. None of the taste changes was determined
by oral mucositis, tongue depapillation, or reduced salivary flow, but melphalan conditioning reduced the bitter taste sensation.
Loss of body weight and poor quality of life were associated with taste changes and reduced salivary flow. Further studies are
necessary to elucidate this association and the risk factors for taste changes in HCT.
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Introduction

Hematopoietic stem cell transplantation (HCT) is pre-
ceded by high doses of chemotherapy conditioning with
or without total body irradiation (TBI), which can gen-
erate important systemic toxicity. Patients who
underwent HCT frequently report changes in taste that
persist even after the end of transplantation [1, 2].
However, variables associated with these taste changes
are rarely studied. In the oral cavity, oral mucositis and

tongue depapillation can contribute to taste changes be-
cause most taste perceptions depend on the integrity of
the oral mucosa including the tongue papillae [3]. It is
unknown how oral toxicity is directly associated with
taste alterations in HCT patients.

In general, the reduction of taste or increased sensitivity to
some tastes can reduce a patient’s body mass and quality of
life due to reduced food intake [2, 4–9]. The impact of taste
changes on body weight and quality of life is rarely addressed
in the HCT literature.

Studies of taste changes in HCT [1, 2, 4–13] have been
focused on limited approaches related to taste and nutri-
tional conditions during periods after the transplantation.
This study describes the taste changes during the neutro-
penic period of HCT and how oral mucositis and tongue
depapillation are associated with these conditions. We al-
so investigated the impact of taste disorders on patients’
body weight and quality of life.
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Patients and methods

Patients and eligibility

In this cross-sectional study, we selected patient candidates for
HCTwho were hospitalized in Bone Marrow Transplantation
unit of the Hospital Israelita Albert Einstein, Sao Paulo,
Brazil. Inclusion criteria were men and women aged between
18 and 75 years referred to autologous and allogeneic trans-
plantation who had adequate oral hygiene, no signs of infec-
tion, and normal chewing and swallowing functions.
Exclusion criteria were inadequate performance on oral hy-
giene during transplantation, lack of collaboration in diagnosis
of tasting tests, lack of clinical data in medical record, and
death during transplantation. Informed consent was obtained
from all individual participants included in the study.

Assessment periods

The patients were evaluated over two periods: before begin-
ning the HCT conditioning (T0) and during absolute neutro-
penia period (T1), i.e., when patients showed ≤ 500 neutro-
phils in peripheral blood.

Data collection on the transplantation

The following information was collected from the medical
records: primary disease; transplantation type; conditioning
type; prophylaxis for graft versus host disease; number of days
for neutropenia and for transplantation as a whole; body
weight loss during transplantation (difference between the ini-
tial body weight, measured before the conditioning, and the
smaller body weight recorded during transplantation); and fre-
quency and number of days for diarrhea, nausea/vomiting,
and peripheral parenteral nutrition.

Oral care before and during transplantation

Before beginning transplantation, all patients underwent effi-
cient removal of oral infectious foci. Patients were also ad-
vised on the importance of maintaining good oral hygiene and
removing bacterial plaque. Participants used a mouth rinse
twice a day based on glucose oxidase, lactoperoxidase, lyso-
zyme, and lactoferrin. For patients who underwent melphalan
conditioning, cryotherapy in the oral cavity was prescribed for
prevention of oral mucositis [14]. From the first day of che-
motherapy conditioning up to the time of marrow engraft-
ment, all patients underwent a daily session of low-level laser
therapy [15]. In these sessions, we adopted the following pa-
rameters for prevention and treatment of oral mucositis:
InGaAIP laser, 660 nm, 0.04 cm2 of spot area, 100 mW,
20 J/cm2 irradiation per spot, 8 s per spot, and 0.8 J per spot.

Assessment of oral mucositis and tongue
depapillation

All patients underwent a daily intraoral exam by a dentist
calibrated in the oral mucositis and tongue depapillation clas-
sifications. Oral mucositis graduation was based on recom-
mendations of the World Health Organization (WHO), as fol-
lows: 0 (absence of lesions), 1 (only erythema in oral mucosa),
2 (single ulceration and erythema, ingestion of normal diet), 3
(multiple ulcerations, ingestion only liquid diet), and 4 (mul-
tiple ulcerations, requiring parenteral nutrition). Tongue
depapillation was classified as absent or present in accordance
with the clinical aspect of the tongue. When the dorsum ex-
hibited a smooth surface, suggesting an atrophy of the filiform
and fungiform papillae in any region of the tongue (either a
partial or total area of this region), tongue depapillation was
considered present (Fig. 1b). The different tongue regions
(apex, body, and base) were examined and classified individ-
ually. All patients were examined by the same professional
who did not know the patients’ type of transplantation and
conditioning. The assessment of oral mucositis and tongue
depapillation was done in T0 and T1.

Measurement of salivary flow

Salivary flow was measured using a saliva collector kit
(Salivette®, Sarstedt, Germany), composed of a cotton swab
containing citric acid and a sterile tube. The patient was
instructed to chew the cotton swab for 3 min without
swallowing the saliva. The cotton swab was then inserted into
the tube, which was centrifuged for 2 min at 1000×g. The
saliva content (in ml) was measured, and the salivary flow rate
was determined in ml/min. For all patients, the collection was
performed in the morning in T0 and T1.

Taste acuity test

We prepared two solutions of each taste (sweet, salty, sour,
and bitter), one with strong and other with light taste, includ-
ing the following concentrations: glucose (sweet)—2.92mmol
and 0.78 mmol; sodium chloride (salty)—2.74 mmol and 1.1.
mmol; citric acid (sour)—156 mmol and 37.5 μmol; caffeine
(bitter)—0.412 mmol and low by 0.247 mmol. Each sub-
stance was placed in individual plastic bags, and 10 ml of
water was added at the time of analysis without the patients
knowing the taste type or intensity. Solutions were offered to
patient using a random sequence. Patient placed 10 ml of each
solution in the oral cavity, rinsed for 10 s, and expelled the
contents without swallowing it. The patient was then request-
ed to identify the taste as “sweet,” “salty,” “sour,” or “bitter”
and the intensity as “light” or “strong.” Water was offered
between each solution to neutralize tasting. The entire proce-
dure was adapted from [1] and was conducted at T0 and T1.
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Questionnaire of quality of life assessment

The EORTC QLQC30 questionnaire v.3.0 [16], Brazilian
Portuguese language version [17], was applied to all patients
at T0 and T1 [18]. A more detailed assessment of taste impact
in quality of life was done by applying the EORTC QLQ-
H&N35 questionnaire validated in Brazilian Portuguese [19].

Definitions and endpoints

After the patient attributed a score to each taste, we defined
whether he experienced ageusia, hypogeusia, hypergeusia, or
dysgeusia. The following criteria were adopted for each defi-
nition: (a) ageusia: total loss of sense of taste [20], i.e., the
patient reported no taste sense, independently of its concen-
tration; (b) hypogeusia: reduced sense of taste [20], i.e., the
patient reported light when the concentration was strong; (c)
hypergeusia: heightened sense of taste [20], i.e., the patient
reported strong when the concentration was light; and (d)
dysgeusia: changed sense of taste, regardless of intensity or
perception of any taste in absence of stimulus [20], i.e., the
patient reported a wrong taste (for instance, the taste was
sweet, but the patient reported sour), or the patient reported a
taste sensation spontaneously without the taste test initiation.

The primary endpoint was association of taste change with
oral toxicity, i.e., oral mucositis and tongue depapillation. The
secondary endpoint was the association between taste changes
and body weight loss occurring during transplantation.

Statistical analysis

Categorical data were presented in absolute and relative
frequencies (%). Numerical data were presented in median,
maximal, and minimal values. We used the chi-squared test
and Fisher’s exact test to compare categorical data between
the autologous and allogeneic transplantations. We used

the McNemar test for paired comparisons. Numerical data
were compared between periods using a Wilcoxon signed-
rank test. Numerical data were dichotomized according to
median values for assessment of associations with taste
changes and tongue depapillation. This analysis was per-
formed using Fisher’s exact test and measuring the odds
ratio. The following variables were associated with chang-
es in tasting and depapillation in the dorsum of the tongue:
(a) type of transplantation (autologous or not), (b) condi-
tioning with busulfan and cyclophosphamide, (c) condi-
tioning with melphalan (including R-BEAM/BEAM), (d)
age ≥ 50 years, (e) period of neutropenia ≥ 9 days, (f) loss
of body weight ≥ 3.0%, (g) oral mucositis ≥ grade 2, (h)
and oral mucositis ≥ 8 days, (i) salivary flow ≤ 0.58 ml/
min in T0 and ≤ 0.44 ml/min in T1, and (j) presence or
not of scores ≥ 3 in the quality of life questionnaires. We
conducted a multivariate logistic regression including var-
iables with a value of p ≤ 0.100 in order to determine the
influence of taste changes and HCT toxicity on body
weight loss. The significance level was 5%.

Results

Characteristics of patients

Figure 1 has a flowchart of the candidates for HCT. A total of
84 individuals were hospitalized from November 2016 to
February 2018. Of these, 24 were younger than 18 years,
and they were excluded. Of the remaining eligible 60 patients,
four refused to participate, and five were not available to do
the taste tests. The final sample at T0 was 51 patients who
underwent HCT allogeneic (39.2%) and autologous (60.8%)
(Table 1). At T1, one had graft failure and was excluded, and
eight patients did not perform the taste tests. The final sample
at T1 was 42 patients (Fig. 1).

Fig. 1 a Number of
hematopoietic cell transplantation
(HCT) patients who were eligible,
excluded, and maintained in the
study at T0 (before the condition-
ing) and T1 (at the neutropenia
period). b Example of clinical as-
pect of tongue depapillation.
Mucosa of the tongue dorsum
exhibiting areas with a smooth
aspect, suggestive of atrophy of
the filiform and fungiform
papillae
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Toxicity of oral mucosae and gastrointestinal tract

Toxicity in the oral mucosa and gastrointestinal tract as well as
parenteral nutrition prescriptions are shown in Table 2. Most
patients showed a maximal degree of oral mucositis that was
equal to 1 (52.0%) or 2 (30.0%) after conditioning and before
marrow recovery. These frequencies differed statistically for
degrees 0 (5.9%), 3 (9.8%), and 4 (2.0%). Only two patients
(4.0%) showed erythematous lesions that were compatible
with oral mucositis (grade 1) before HCT conditioning. Most
patients had diarrhea (92.1%) and nausea/vomiting (88.2%).
A few patients required parenteral nutrition (7.9%).

Taste acuity

Figure 2 shows the total frequency of patients exhibiting
dysgeusia, hypogeusia, hypergeusia, and ageusia at T0 and
T1. At T0, the most frequent taste change was hypogeusia
(28.6%) followed by hypergeusia (26.2%), dysgeusia
(2.4%), and ageusia (2.4%). T1 showed a significant increase
in patients with dysgeusia (21.4%, p = 0.013) and hypogeusia
(66.6%, p = 0.001).

Figure 3 plots the frequency of taste changes according to
taste type. Dysgeusia was observed in sweet, sour, and salty
tastes. There was an increase in the frequency of patients with

Table 1 General characteristics
of patients and transplantation Characteristics All the transplants

(n = 51)
Autologous
(n = 31)

Allogeneic
(n = 20)

p value*

Sex, n (%)

Male 35 (68.6) 12 (38.7) 15 (75.0) 0.289
Female 16 (31.4) 10 (61.3) 5 (25.0)

Age, median (min–max) 53 (19–75) 50 (19–75) 57 (24–74) 0.869

Primary disease, n (%)

Multiple myeloma 10 (19.6) 10 (32.3) 0 (0.0)
Non-Hodgkin lymphoma 12 (23.5) 10 (32.3) 2 (10.0)

Hodgkin lymphoma 3 (5.8) 2 (6.5) 1 (5.0)

Acute myeloid leukemia 4 (7.8) 1 (3.2) 3 (15.0)

Chronic myeloid leukemia 4 (7.8) 0 (0.0) 4 (20.0) < 0.001

Acute lymphocyte leukemia 3 (5.9) 0 (0.0) 3 (15.0)
Myelodysplastic syndrome 4 (7.8) 0 (0.0) 4 (20.0)

Crohn’s disease 3 (5.9) 3 (9.7) 0 (0.0)

Others** 8 (15.7) 5 (16.1) 3 (15.0)

Conditioning, n (%)

Busulfan/fludarabine 13 (25.5) 0 (0.0) 13 (65.0)
Melphalan 13 (25.5) 11 (35.5) 2 (10.0)

R-BEAM/BEAM 13 (25.5) 13 (41.9) 0 (0.0)

Busulfan/cyclophosphamide 2 (3.9) 2 (6.5) 0 (0.0) < 0.001

Cyclophosphamide/ATG 5 (9.8) 5 (16.1) 0 (0.0)
TBI*** 5 (9.8) 0 (0.0) 5 (25.0)

GVHD prophylaxis, n (%)

Containing methotrexate 9 (17.6) – 9 (17.6) –
Containing cyclophosphamide 8 (15.7) – 8 (15.7)

Others 3 (5.9) – 3 (5.9)

Neutropenic days, median
(min–max)

9 (2–27) 7.5 (4–21) 12 (2–27) 0.005

Transplantation days, median
(min–max)

25 (15–112) 23 (15–50) 31 (16–112) 0.012

Loss of body mass (%), median
(min–max)

3.3 (0.0–9.3) 2.9 (0.0–9.2) 2.9 (0.0–7.8) 0.665

R-BEAM rituximab/carmustine/etoposide/cytarabine/melphalan, BEAM carmustine/etoposide/cytarabine/mel-
phalan. TBI total body irradiation, GVHD graft versus host disease

*p value using χ2 test and Mann-Whitney test for comparison of autologous with allogeneic

**Includes chronic myelomonocytic leukemia (n = 1), acute myelofibrosis (n = 1), acute monocytic leukemia
(n = 1), Emberger syndrome (n = 1), multiple sclerosis (n = 1), renal amyloidosis (n = 1), parameningeal rhabdo-
myosarcoma (n = 1), and Devic’s disease (n = 1)

***Includes the following combinations: TB/busulfan (n = 1), TBI/fludarabine (n = 1), TBI/cyclophosphamide
(n = 4), TBI/melphalan (n = 1)
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hypogeusia for all tastes in T1 with significant differences
related to T0 (p = 0.038 for sweet, p < 0.001 for bitter, p =
0.016 for sour, and p = 0.024 for salty). Hypergeusia for
sweet, bitter, and salty was more frequent in T0 than T1, but
the differences were not statistically significant. Ageusia was
observed for sweet and sour taste in T0 and for bitter in T1.

Depapillation in dorsum of the tongue

Depapillation in each site of the tongue was analyzed in 51 pa-
tientsbeforeconditioning.Afewcases (only1.9%of thepatients)
showeddepapillationatT0.AtT1,wedetecteddepapillationinall

sites of the tongue in several patients (apex—64.7%; lateral bor-
der—70.6%; base—58.8%). The presence of depapillation was
not associated with taste change in T0 or T1.

Salivary flow

It was possible to measure the salivary flow in 38 patients. The
remaining patients were not able to perform the saliva collec-
tion due to prostration and nausea/vomiting. In general, there
was a reduction in the salivary flow rate from T0 to T1 (p =
0.005), especially in autologous patients (p = 0.004) (Table 2).
Comparing the salivary flow between autologous and

Table 2 Toxicity in gastrointestinal tract and parenteral nutrition prescription during hematopoietic cell transplantation

Toxicity All the transplants (n = 51) Autologous (n = 31) Allogeneic (n = 20) p value*

Maximum grade of oral mucositis, n (%)

0 3 (5.9) 3 (9.7) 0 (0.0)
1 27 (52.9) 16 (51.6) 11 (55.0)

2 15 (29.4) 8 (25.8) 7 (35.0) 0.328

3 5 (9.8) 4 (12.9) 1 (5.0)
4 1 (2.0) 0 (0.0) 1 (5.0)

p value** < 0.001 < 0.001 < 0.001

Grade of oral mucositis at the time points, median (min–max)

T0 0 (0–0) 0 (0–0) 0 (0–0) 1.000

T1 1 (1–3) 1 (1–3) 1 (1–1) 0.146

p value** < 0.001 < 0.001 < 0.001

Days number of oral mucositis, median (min–max) 7.5 (0–18) 6 (0–18) 9 (1–18) 0.022

Frequency of diarrhea, n (%)

Yes 47 (92.1) 30 (96.7) 17 (85.0) 0.286
No 4 (7.9) 1 (3.2) 3 (15.0)

Days number of diarrhea, median (min–max) 4 (0–13) 5 (0–13) 3.5 (0–13) 0.033

Frequency of nauseas/vomiting, n (%)

Yes 45 (88.2) 23 (74.2) 18 (90.0) 0.280
No 6 (11.8) 8 (25.8) 2 (10.0)

Days number of nauseas/vomiting, median (min–max) 3 (0–11) 3 (0–11) 3 (0–11) 1.000

Frequency of peripheral parenteral nutrition, n (%)

Yes 4 (7.9) 2 (6.5) 2 (10.0) 1.000
No 47 (92.1) 29 (93.5) 18 (90.0)

Days number of peripheral parenteral nutrition, median (min–max) 12.5 (2–30) 0 (0–15) 0 (0–30) 0.837

Absolute counting of WBC, median (range) (cells/mm3)

T0 4720 (40–16,370) 5325 (40–16,370) 3840 (100–9700) 0.173

T1 40 (0–620) 40 (10–270) 305 (0–620) 0.018

p value** < 0.001 < 0.001 < 0.001

Salivary flow rate, median (range) and mean (± SD) (ml/min)

T0 0.50 (0.05–1.50)
0.58 (±0.29)

0.57 (0.20–1.50)
0.62 (±0.28)

0.50 (0.05–1.17)
0.52 (±0.29)

0.245

T1 0.40 (0.00–1.08)
0.44 (±0.29)

0.40 (0.03–1.08)
0.43 (±0.30)

0.47 (0.00–0.87)
0.46 (±0.28)

0.731

p value** 0.005 0.004 0.348

*p value using Fisher’s exact test and Mann-Whitney test for comparison of autologous with allogeneic

**p value using Wilcoxon’s test or McNemar test for paired analysis between T0 (before the conditioning of transplantation) and T1 (during the
neutropenia period)
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allogeneic patients, there was no significant difference.
Reduced salivary flow in T0 and T1 was not associated with
a lack of taste changes, probably due to the low number of
patients who performed the saliva collection.

Association of taste changes, tongue depapillation,
and salivary flow with oral mucositis

There was no significant association of ageusia, dysgeusia,
hypogeusia, and hypergeusia with oral mucositis ≥ grade 2
and mucositis ≥ 8 days. However, we did observe significant

associations of depapillation in T1 and oral mucositis ≥ 8 days
(OR = 5.623, 95% IC [0.980–60.306], p = 0.039): 22 (53.4%)
showed depapillation in T1 and oral mucositis lasting for ≥
8 days. Reduced salivary flow in T0 and T1 was not signifi-
cantly associated with oral mucositis.

Association of taste changes, tongue depapillation,
and salivary flow with loss of body weight

A significant association was detected between changes in
sour taste in T1 and loss of body weight ≥ 3.0% (OR =

Fig. 3 Frequency of hematopoietic cell transplantation patients with dysgeusia, hypogeusia, hypergeusia, and ageusia for each taste before the
conditioning (T0) and during neutropenia (T1) (n = 42, p value using the McNemar test)

Fig. 2 Frequency of
hematopoietic cell transplantation
patients based on taste changes
before conditioning (T0) and
during neutropenia (T1) (n = 42; p
value using the McNemar test)
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5.803, 95% CI [1.162–34.657], p = 0.018). Thirteen patients
(31.0%) showed hypogeusia or hypergeusia of sour taste and
had loss of body weight ≥ 3.0%. Reductions in the salivary
flow rate in T1 were also significantly associated with body
weight loss (OR = 5.6, 95% CI [1.36–23.10], p = 0.017). No
association was observed between loss of body weight and
tongue depapillation.

To assess the impact of sour taste change in weight loss, we
conducted a multivariated logistic regression analysis includ-
ing other variables; p ≥ 0.100 was obtained using univariate
analysis. We designed a model with weight loss as the depen-
dent variable; independent variables were sour taste change in
T 1 ( p = 0 . 0 1 8 ) , c o n d i t i o n i n g w i t h b u s u l f a n /
cyclophosphamide (p = 0.024), conditioning with melphalan
(p = 0.098), mucositis ≥ 8 days (p = 0.037), and salivary flow
rate ≤ 0.40 (p = 0.007). After adjusting the model and remov-
ing the conditioning variables and oral mucositis, only chang-
es in sour taste (OR = 10.70, 95% CI [1.05–110.00], p =
0.045) and reduced salivary flow in T1 (OR = 21.00, 95%
CI [2.05–215.00], p = 0.013) had a significant impact on
weight loss.

Association of taste changes, tongue depapillation,
and salivary flow with other variables related
to transplantation

Tongue depapillation in T1 showed a significant association
with autologous transplantation (OR = 4.08, 95% CI [1.043–
17.730], p = 0.033). The conditioning with melphalan showed
a significant association with changes in bitter taste in T1
(OR = 4.47, 95% CI [0.962–25.391], p = 0.049) and with
hypogeusia of all the tastes in the same period (OR = 5.73,
95% CI [0.937–64.195], p = 0.037). Conditioning with busul-
fan and cyclophosphamide, neutropenia ≥ 9 days, and age ≥
50 years were not associated with taste changes and tongue
depapillation. Reduced salivary flow in T1 was not signifi-
cantly associated with transplantation.

Questionnaire of quality of life

Forty-two patients responded to the EORTC QLQ-C30 ques-
tionnaire and the supplementary module EORTC QLQ-
H&N35 in T0 and T1. A significant worsening in general
health status was seen in T1 compared with T0 (p = 0.002).
We also observed a worsening of the following symptoms in
second period of analyses: fatigue (p < 0.001), nausea and
vomiting (p < 0.001), pain (p = 0.014), and loss of appetite
(p < 0.001) (Table 3). There was no significant association
between the scores registered in the EORTC QLQ-C30 ques-
tionnaire and the taste changes and salivary flow rate.

The mean score of supplementary module EORTC QLQ-
H&N35 concerning issues that mentioned the oral cavity and
taste also were worse in T1 including dry mouth (p < 0.001),

swallowing (p = 0.001), and problems in olfaction and taste
(p < 0.001) (Table 3). In the analysis of the association be-
tween the scores given by the patients to the EORTC QLQ-
H&N35 questions and the scores in the taste tests, we found a
significant association between frequent sensation of dry
mouth and alterations in bitter taste (OR = 5.19, 95% CI
[0.47–3.45], p = 0.039). Based on the same questionnaire,
worse scores for sticky saliva were also associated with re-
duced salivary flow rate in T1 (OR = 5.67, 95% CI [1.22–
26.30], p = 0.026).

Discussion

Here, we described the taste changes occurring during neutro-
penia period of HCT and their relationship with conditioning
toxicity in the oral cavity. Most of our patients (90.5%)
showed some change in taste sense—mainly hypogeusia of
bitter taste. Hypogeusia is the most frequent taste change cited
in the literature about HCT patients [21] and solid tumor pa-
tients [22, 23]. However, the acuity for salty taste is more
prejudiced than bitter taste. In an investigation, the patients
needed a 16-fold higher salt concentration in their diet in order
to sense salty taste during the neutropenia period in HCT [21].
In a study of solid tumor patients, salty hypogeusia was asso-
ciated with lower levels of serum albumin [23], but the authors
did not explain this relationship.

Although described with less frequency, hypogeusia of the
bitter taste was mentioned as the main taste change in patients
who underwent chemotherapy including both adult [22] and
children [24]. The reduction in the bitter acuity is associated
with low T2R gene expression, which participates in the iden-
tification process of this taste [25]. Bitter gustatory receptors
might also be inhibited via pro-inflammatory cytokines [26].
The pro-inflammatory cytokines present during the HCT
might contribute to the changes in bitter perception. Other
study involving patients with different types of solid tumors
show an association between taste changes and systemic in-
flammation due to cancer [23]. More studies are needed to
evaluate taste changes and systemic inflammation markers in
patients who underwent HCT.

The sense of metallic taste common in chemotherapy pa-
tients [27, 28] and HCT [11] was not observed here. Several
chemotherapy agents have been associated with this sense
including cyclophosphamide [27, 28]. We did not detect any
association of cyclophosphamide conditioning with the taste
changes—either alone or combined with busulfan. However,
we observed that melphalan conditioning was associated with
changes in bitter taste and also with hypogeusia of all tastes.
The taste changes were also associated with autologous trans-
plantation, instead of allogeneic, probably due the melphalan
conditioning; the majority of the autologous patients
underwent melphalan conditioning (alone or combined as R-
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BEAM and BEAM). In other study, melphalan conditioning
also caused significant taste changes in patients who
underwent HCT [29].

The deleterious effect of chemotherapy (mainly platinum
agents such as cyclophosphamide, 5-FU, doxorubicin, and
methotrexate) and radiotherapy on taste buds has been asso-
ciated with hypogeusia [28, 30]. In our study, many patients
(78.0%) exhibited tongue depapillation in the neutropenia pe-
riod, but this alteration was not associated with taste changes
and conditioning type. On the other hand, the atrophy of the
specialized mucosa of the tongue exhibited a significant asso-
ciation with autologous transplantation in which the predom-
inant conditioning type was melphalan (83.3%). This chemo-
therapeutic agent may have contributed to tongue
depapillation besides its significant impact on hypogeusia
seen here.

We also detected that the tongue depapillation was signif-
icantly related to the long duration of oral mucositis. Tongue
depapillation is more likely to be clinically detected when oral
inflammatory conditions persist for a long time. In addition,
the oral mucositis seems to interfere with some taste receptors.

A study showed a reduction in mRNA levels in taste receptors
(T1R1, T1R2, T1R3, and T2R5) in the dorsum of the tongue
in patients under chemotherapy and radiotherapy for head and
neck neoplasia; however, this was only seen in patients who
had severe oral mucositis [31]. Based on these observations,
we hypothesize that prevention and treatment of oral mucosi-
tis could have a somewhat positive effect on taste during the
HCT.

For instance, a study reported that HCT patients who
underwent cryotherapy for prevention of oral mucositis during
melphalan conditioning showed fewer taste changes and re-
duction in the oral mucositis severity [29]. It is important to
mention that our patients were exposed to a cryotherapy in the
oral cavity and to a low-power laser therapy for prevention
and treatment of oral mucositis. The tongue dorsum, where
some taste buds are localized, was not irradiated because this
region was not susceptible to oral mucositis. However, these
therapies might still have influenced the taste tests; this is a
bias that should be studied in the future.

We did not evaluate the presence of morphological alter-
ations specifically in circumvallate and fungiform papillae,

Table 3 Median (minimal and
maximal values) of analyzed
scores to different scales of
quality of life assessment using
the EORTC QLQ-C30 and
EORTC QLQ-H&N35 question-
naires (n = 42) (T0—before he-
matopoietic cell transplantation;
T1—during the neutropenia peri-
od of the transplantation)

T0 T1 p value*

EORTC QLQ-C30

Functional scale

Global health status 66.7 (0.0–100.0) 50.0 (0.0–100.0) 0.002

Physical ability 93.3 (33.3–100.0) 60.0 (0.0–100.0) < 0.001

Emotional ability 83.3 (0.0–100.0) 75.0 (0.0–100.0) 0.431

Cognitive ability 83.3 (0.0–100.0) 66.7 (0.0–100.0) 0.120

Social ability 66.7 (0.0–100.0) 50.0 (0.0–100.0) 0.187

Symptoms scale

Fatigue 22.2 (0.0–100.0) 66.7 (0.0–100.0) < 0.001

Nausea and vomiting 0.0 (0.0–100.0) 33.3 (0.0–100.0) < 0.001

Pain 0.0 (0.0–100.0) 33.3 (0.0–100.0) 0.014

Dyspnea 0.0 (0.0–66.7) 0.0 (0.0–66.7) 0.015

Insomnia 33.3 (0.0–100.0) 66.7 (0.0–100.0) 0.068

Loss of appetite 0.0 (0.0–100.0) 66.7 (0.0–100.0) < 0.001

Constipation 0.0 (0.0–100.0) 0.0 (0.0–100.0) 0.531

Diarrhea 0.0 (0.0–100.0) 33.3 (0.0–100.0) < 0.001

Financial problems 33.3 (0.0–100.0) 33.3 (0.0–100.0) < 0.001

QLQ-H&N35

Head and neck pain 0.0 (0.0–41.7) 16.7 (0.0–100.0) < 0.001

Swallowing 0.0 (0.0–33.3) 0.0 (0.0–100.0) 0.001

Dry mouth 0.0 (0.0–100.0) 66.7 (0.0–100.0) < 0.001

Thick saliva 0.0 (0.0–100.0) 33.3 (0.0–100.0) 0.001

Olfaction and taste problems 0.0 (0.0–100.0) 16.7 (0.0–100.0) < 0.001

Phonation problems 0.0 (0.0–44.4) 11.1 (0.0–66.7) < 0.001

Teeth 0.0 (0.0–100.0) 0.0 (0.0–0.0) 0.054

Mouth opening 0.0 (0.0–66.7) 0.0 (0.0–100.0) 0.097

p value using Wilcoxon’s test to all paired data
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which are directly involved in taste disturbances. We analyzed
the tongue surface as a whole, including all papillae types,
because the patient’s fatigue did not allow a more detailed oral
examination. Therefore, our clinical analysis of tongue muco-
sa atrophy is limited. We did not find a direct association
between depapillation and taste alterations, which was likely
because a more specific clinical analysis was not performed.

Taste changes significantly impact appetite and can induce
body weight loss in cancer patients [4, 6–8]. In our study, the
body weight loss was associated with changes in sour taste,
and it had an important impact compared with other determin-
ing factors of body mass reduction such as prolonged oral
mucositis. The effect of taste changes on body weight loss in
cancer and HCT patients is poorly understood. We found only
one investigation with cancer patients demonstrating that
hypergeusia for bitter taste had an impact direct on body
weight reduction [32]. In our study, body weight loss was also
impacted by the reduced salivary flow rate, although we did
not find an association between reduced saliva and taste
changes. Few studies have addressed the effect of xerostomia,
dry mouth, reduced salivary flow rate, or other variables relat-
ed to salivation with body weight loss. We did not find any
other HCT study that directly focused on this subject. In head
and neck cancer investigations, some of these saliva variables
had inverse correlations with body weight loss, but in general,
this association was accompanied by oral mucositis and dys-
phagia [33]. Body weight loss during HCT has been attribut-
ed, among other causes, to reduction in oral intake derived
from oral ulcerated lesions [34], but this association is poorly
described. In the present study, there was no significant asso-
ciation between body weight loss and oral mucositis ≥ grade
2, which is similar to other studies [35, 36]. This may be
because few patients had oral ulcerated lesions in our study,
not allowing extrapolations for body weight loss.

Quality of life worsened in most items including those
related to taste. This result agrees with another study [37].
Problems such as dry mouth and viscosity of the saliva were
the most important to patients—they increased by 30 to 60
points versus initial scores and were significantly associated to
reduced salivary flow. Disturbances related with olfaction and
taste were 16-fold worse than baseline. This worsening pro-
portion was lower when compared with other studies that also
applied the EORTC QLQ-H&N35 questionnaire for assess-
ment of taste sense in HCT patients. In that study, the authors
observed a 29-fold increase versus baseline [2].

Our study has several limitations. Nine of the selected pa-
tients did not undergo an acuity taste test due to nausea, and 13
patients were unable to perform the saliva collection. This fact
reduced the tests’ power. Other limitations are the lack of
umami evaluation due difficulties in taste measurement during
the neutropenia period as well as the lack of an objective
measure of the patient’s food intake. The taste of umami is
associated with palatability and pleasure while eating [38],

which is frequently reduced in cancer patients [38] and for a
time after HCT [39]. In addition, we evaluated autologous and
allogeneic transplantations together, without specifically ad-
dressing each transplantation type, conditioning regimens, or
primary diseases. Late periods of the TCH were also
neglected, which limits the conclusions about taste normali-
zation after the critical periods of toxicity. We also did not
have access to clinical information about dry mouth, and oral
hygiene, limiting the contextualization of the oral cavity con-
ditions. Therefore, the present results are preliminary and ob-
tained during the neutropenia period of HCT. This is a period
in which it was challenging to perform a taste acuity test.
During this critical period, we learned that loss of taste sensa-
tion has a high physical and psychological impact on the pa-
tient, reducing their quality of life. Analyzing the impact of
diet counseling, nutritional guidance, and oral care in the pre-
vention and attenuation of the taste changes during HCT
should be a priority in the future. Further studies are necessary
to elucidate the characteristics and risk factors of taste changes
during the HCT.

Conclusions

Considering our results as preliminary, we concluded that the
frequency of hypogeusia was high in the neutropenia period of
the HCT. None of the taste changes was determined by oral
mucositis, tongue depapillation, or reduced salivary flow, but
melphalan conditioning reduced the bitter taste sensation.
Loss of body weight and poor quality of life were associated
with taste changes and reduced salivary flow. Further studies
are necessary to elucidate this association and the risk factors
for taste changes in HCT.
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