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Abstract
Background Metallic taste (MT) is a taste abnormality often reported by cancer patients. The aim of this systematic review 
was to exhaustively report MT incidences in cancer patients and to evaluate the risk of bias in the pertinent studies in accord-
ance with a meta-analysis approach.
Methods The research objective was to determine the prevalence of MT in patients treated for cancer. A literature search 
was conducted using PubMed, Web of Science, and Embase. The authors each screened articles and evaluated the eligibility 
and individual risk of bias for each article. Then, all of the results were compared. A meta-analysis was conducted on studies 
that specifically focused on MT evaluation.
Results Very few articles have been published on the incidence of MT among taste and smell abnormalities in cancerology 
(22 of 1674, 1.3%), and the quality of the reports on MT was often low. The most common bias was the methodology used 
for MT evaluation. Pooling the results of the 22 studies led to an estimated MT incidence in the cancer patient population 
of 29% (95% CI [0.21; 0.39]) with high and significant heterogeneity observed among the studies. A heterogeneity analysis 
was performed to identify the causal factors of this heterogeneity. The specific impact of MT on nutritional status (two) and 
quality of life (five) studies were reported, respectively, and without a specific evaluation of MT. There was no mention of 
oral health in any of the studies.
Conclusion Although in clinical practice cancer patients often report MT, its incidence has only been reported in 22 studies, 
most of which have a moderate to severe risk of bias. Considering the rather high prevalence of MT, more research should 
be conducted in this field to better identify its causes and mechanisms.
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Introduction

Taste and smell abnormalities (TSAs) are frequent in 
oncology regardless of the type of cancer (any solid or 
hematological type [1, 2, 3, 4, 5]) and are often consid-
ered caused by the treatments administered. For instance, 
dysgeusia affects 50 to 75% of patients depending on the 
administered treatment(s) (chemotherapy, radiotherapy, or 

radiochemotherapy) [2, 6]. Perception thresholds can be 
modified (increased or decreased), perceptions can be dis-
torted (parageusia or parosmia), and/or patients may have 
perceptions of flavors that do not exist (phantogeusia or 
phantosmia). TSAs can also impact nutritional status by lim-
iting oral intake [7, 8] and subsequently decreasing quality 
of life [2, 9, 10].

Metallic taste (MT) is an unusual form of parageusia. 
Patients describe MT as a spontaneous, unpleasant, persis-
tent metallic sensation in the mouth. Very little is known 
about the trigger mechanisms for this sensation, possibly 
due to oncologists’ inconsistent reporting of this symptom, 
one illustration of which being the large difference in MT 
incidence reported by patients and their oncologists [11] in 
which oncologists believed that only 9.9% of their patients 
suffered from MT, whereas 32.2% of patients reported MT. 
A few conditions associated with MT are well known, such 
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as oral candidiasis and/or dry mouth [12, 13]. However, the 
specific mechanisms underlying MT sensation are poorly 
understood, although several hypotheses have been sug-
gested. The origin of MT may be (i) biochemical, through 
oxidation between  Fe2+ and oral lipids in the mouth [14]; 
(ii) electrical, induced by local hydrolysis and a spontane-
ous electrical current between dental amalgams [15]; (iii) 
neurological, due to the removal of inhibition of the facial 
nerve on the glossopharyngeal nerve [16, 17, 18]; and/or 
(iv) proteomic in origin linked to the overexpression of bitter 
receptors on the tongue [19, 20].

Little is known about the impact of TSAs on cancer 
patients’ food behavior and nutritional status. However, 
several studies have reported correlations between chemical 
sensory alterations and the food behavior of patients while 
receiving chemotherapy. A recent review [21] noted that the 
occurrence of chemosensory disorders was associated with 
a decrease in the oral intake of patients diagnosed with can-
cer and the evolution of patients’ food preferences and food 
behavior while receiving chemotherapy. Moreover, among 
TSAs, the sensation of MT is likely one of the most nega-
tively influential factors on food behavior [22].

To gain further insights into the impact of MT, we per-
formed a systematic review and meta-analysis of the litera-
ture to delineate the prevalence of MT in cancer patients.

Methods

The research objective was to determine the prevalence of 
metallic taste in patients treated for cancer.

PICO question

Population: patients treated for cancer.
Intervention: chemotherapy, radiotherapy, surgery, other 
(target and hormonal therapies)
Comparison: N/A
Outcomes: the prevalence of MT

Data sources and search strategy

An initial search was performed in September 2019 in Pub-
Med, Web of Science (WoS), and Embase. Two updates 
were performed in January 2020 and November 2020. The 
search terms used are given below.

– EMBASE: ‘neoplasm’/exp AND (‘taste disorder’ OR 
‘metallic taste’)

– PubMed:  “neoplasms”[MeSH] AND (“taste 
disorders”[MeSH] OR (“metallic”[All Fields] AND 
“taste”[All Fields]) OR “metallic taste”[All Fields])

– Web of Science: ALL = (neoplasm* OR tumor* OR can-
cer*) AND (ALL = (taste* OR ageusia OR hypogeusia* 
OR gustat*)) AND (ALL = (disorder* OR alteration* OR 
metal*))

This systematic review was conducted following the 
PRISMA 2020 guidelines [23], which are described in the 
supplementary material (Tables S1 and S2). The study pro-
tocol was registered in November 2019 on PROSPERO (an 
international database of prospectively registered system-
atic reviews) under the number CRD42020157450. Several 
changes to the initial protocol were made: (i) nutritional and 
quality of life aspects could not be assessed because very 
few articles have been published on MT and nutritional and/
or quality-of-life issues and (ii) a meta-analysis on MT prev-
alence was performed that was not part of the initial plan.

Study selection

Screening step

The screening was conducted by the three investigators 
(GB, GF, and TTD). GB and GF screened all of the identi-
fied titles and abstracts, and discrepancies were resolved by 
the third investigator (TTD). The inclusion criteria for the 
screening steps were (a) title or abstract describing any taste 
disorder in cancer patients, not necessarily MT, or (b) full 
papers mentioning MT and its prevalence. When only the 
title (without an abstract) was accessible in the first step and 
there was doubt concerning eligibility, the corresponding 
record was considered for the second step. No restrictions 
were placed on language or publication dates. Abstracts and 
full papers were included. Case reports, reviews, meta-anal-
yses, commentaries, and editorials were excluded.

Determination of eligibility

Eligibility was assessed by all three investigators. GB and 
GF screened all the retrieved articles. Discrepancies were 
resolved by the third investigator (TTD). The eligibility 
criteria consisted of a specific description of metallic taste 
(MT), including data on the prevalence (number and/or % 
of patients).

The screening and eligibility steps were performed using 
the Rayyan web app for systematic reviews [24].

Data extraction

The three investigators extracted the following data for each 
study: author names, year, title, journal, study design, sam-
ple size, sex, age (mean, SD, and range), country, type of 
cancer, type of treatment, prevalence of MT (n/N and/or %), 
date of measurement (in months), and methodology for MT 
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evaluation. When detailed data on MT prevalence were not 
provided in a paper, the respective authors were contacted.

Individual risk of bias

A bias analysis was performed for each study using the 
ROBIN-I tool following the Cochrane guidelines for non-
randomized studies and the RoB2 tool for randomized stud-
ies [25, 26].

The main confounding domain was used to evaluate MT 
based on three criteria, namely, the date of MT measurement 
after treatment, MT awareness of participant, and specificity 
of MT evaluation. Other identified confounding variables 
were age, sex, toxicity factors (smoking and alcohol con-
sumption), and oral health.

Outcome

The outcome was the prevalence of MT in cancer patients.

Data analysis

Prevalence was expressed as the number of patients report-
ing MT divided by the total number of patients. MT preva-
lence was estimated using a random-effects meta-analysis 
model. The random-effects model was chosen assuming 
that clinical and methodological heterogeneity were likely 

to exist and affect the results. The DerSimonian and Laird 
method was used to pool the studies [27]. The Clopper-Pear-
son interval, also called the “exact” binomial interval, was 
used to calculate confidence intervals [28, 29].

Heterogeneity was assessed by the I2 statistic [30]. Con-
tour-enhanced funnel plots were used to investigate small 
study effects [31]. Funnel plot asymmetry was tested using 
the weighted linear regression method [32]. Leave-one-out 
analysis was performed on the included studies. The analy-
ses were conducted with R software (v3.5.3) using the pack-
age Meta and the function Metaprop for meta-analysis of 
single proportions (the R code is provided in Doc S1).

Registration of the review This review was not previously 
registered.

Results

Search results

The PRISMA flowchart for article selection is presented in 
Fig. 1. The search of the three databases identified 2050 
records in the cancer area mentioning dysgeusia; 1678 arti-
cles remained after removing duplicates. A further 1451 
articles were excluded through title and abstract screening 
because the selection criteria were not met. Specifically, 507 

Fig. 1  PRISMA flowchart
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articles dealt with an irrelevant population, 358 articles dealt 
with an unrelated outcome, and 396 articles were reviewed. 
Of the 224 remaining articles, 206 were excluded after 
full-text review principally because the text did not men-
tion MT (n = 154) or MT prevalence (n = 30). Despite our 
efforts to access all the references, including contacting the 
authors directly, 10 articles remained inaccessible. Of these 
10 articles, seven were published before 2000, only titles 
were available for six, and six were in a language other than 
English and published in local journals. Finally, 22 articles 
were included in the meta-analysis [8, 11, 33–52].

Characteristics of included studies

The characteristics of the included studies are presented 
in Table 1. Among the 22 included articles, there were 11 
cross-sectional studies, three randomized controlled trials 
(RCTs), four cohort studies, one observational retrospective 
study, one study in which variables were controlled before 
and after the study was performed, one case–control study, 
and one quasi-randomized control study. The studies were 
categorized in terms of the type of cancer as follows: 13 
dealt with any solid or hematological cancer, three with head 
and neck cancer, one with breast cancer, two with lung can-
cer, one with colorectal cancer, one with testicular cancer, 
and in one study the cancer location was not specified. In 
this last study, the treatments were chemotherapy (platinum 
based, taxan based, and others), hormonal therapies, target 
therapies (tyrosine-kinase inhibitors, others), and concomi-
tant radiochemotherapy [42].

Assessment of MT

Most of the studies used a questionnaire to evaluate MT in 
cancer patients. However, there were significant variations 
regarding questionnaire implementation. Only 6 studies 
reported the time at which MT was evaluated after treat-
ment; 8 studies explicitly included training patients for MT 
recognition; and 4 studies used an evaluation methodology 
specific to MT. These variations led to a significant risk 
of bias for MT evaluation, as presented below and in Fig-
ures S1A and S1B of the supplementary material.

Risk of bias

The risk of bias analyses for the 3 RCTs and the 19 
non-RCTs are presented in the supplementary material 
(Table S3). The distribution of the risk of bias for the 3 RCTs 
and 19 non-RCTs is presented in Fig. 2A and B, respectively.

None of the included non-RCTs had a low risk of bias 
regarding MT evaluation. The risk of bias in the non-RCT 
studies was moderate for four (21%), serious for 13 (68%), 
and critical for 2 (11%) of the studies. The 3 available RCTs 

were judged to have a high risk of bias (100%) for MT 
evaluation.

The main issue encountered was a risk of bias for the MT 
evaluation confounding domain, especially the absence of 
precision in assessing oral health status (mucositis, candidi-
asis, and dry mouth) or tobacco consumption. Twelve stud-
ies showed a high risk of bias; we had concerns regarding 6 
studies; and only two studies were evaluated as having a low 
risk of bias (see Figs. S1A and S1B in the supplementary 
material).

MT incidence

A forest plot is presented in Fig. 3. The incidence of MT 
(with random effects) was estimated at 29% in the general 
cancer population (95% CI [0.21; 0.39]).

The heterogeneity among studies was high and signifi-
cant (I2 = 97%, tau = 0.85, p < 0.01) which prompted us to 
perform subgroup analyses in an attempt to explain this het-
erogeneity, and the test results are presented in the supple-
mentary material. Many factors were considered to account 
for the heterogeneity: the cancer type (Fig. S2), treatment 
type (Figure S3), overall risk of bias (Figure S4), and risk 
of bias of the sensory evaluation method (Figure S5). The 
heterogeneity remained close to 1 and significant for every 
factor considered, except lung cancer. However, only two 
studies [43, 46] on lung cancer were included, making it 
difficult to draw sound conclusions. Finally, leave-one-out 
analysis (Figure S6) confirmed that no single study substan-
tially influenced the MT prevalence estimation. The funnel 
plot analysis (Figure S7) showed that several of the stud-
ies (n = 16) lay outside the 95% confidence interval, which 
confirmed the heterogeneity among the studies. However, 
the funnel plot did not provide any evidence indicating that 
the results of studies with few patients were systematically 
different from those with a larger number of patients (test of 
funnel asymmetry: t = 0.87, p value = 0.40).

Discussion

We carried out a systematic literature review and meta-anal-
ysis of the prevalence of MT in cancer patients. Five main 
results can be highlighted. First, very few articles reported 
MT incidence among TSAs in oncology (22 out of 1678 
(1.3%)). Then, the pooled results led to an estimated MT 
incidence of 29% in the general cancer population (95% CI 
[0.21; 0.39]). The specific impact of MT on nutritional status 
and quality of life has rarely been evaluated. Only five stud-
ies reported MT and nutritional status, and only two studies 
mentioned MT and the quality of life of patients, but without 
specific evaluation. Furthermore, the quality of the reports 
concerning MT was often low (Figs. 2, 3, and 4) and we did 

5694 Supportive Care in Cancer (2022) 30:5691–5702



1 3

Ta
bl

e 
1 

 L
ist

 o
f t

he
 2

2 
se

le
ct

ed
 a

rti
cl

es

Re
fe

re
nc

e
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
 

(w
om

en
, m

en
)

M
ea

n 
ag

e ±
 S

D
 

[r
an

ge
] (

ye
ar

s)
C

ou
nt

ry
Ty

pe
 o

f c
an

ce
r

Ty
pe

 o
f t

re
at

m
en

t
Pr

ev
al

en
ce

 o
f M

T 
(s

pe
ci

fie
d 

th
e 

da
te

s 
in

 m
on

th
s)

 n
/N

 (%
)

M
et

ho
do

lo
gy

 fo
r 

m
ea

su
re

m
en

t

A
l-T

ai
e 

et
 a

l. 
[3

3]
C

ro
ss

-s
ec

tio
na

l
80

 (2
5,

 5
5)

58
.4

 ±
 14

.8
 [6

0–
92

]
Tu

rk
ey

A
ny

 ty
pe

 (l
un

g,
 

br
ea

st,
 b

ra
in

, s
ki

n,
 

co
lo

re
ct

al
, p

ro
s-

ta
te

, p
el

vi
s)

RT
40

/8
0 

(5
0%

)
N

ot
 sp

ec
ifi

ed

A
lv

ar
ez

-C
am

ac
ho

 
et

 a
l. 

[3
4]

C
ro

ss
-s

ec
tio

na
l

19
 (2

, 1
7)

Le
ss

 p
hy

si
ca

l 
sy

m
pt

om
 b

ur
de

n 
gr

ou
p:

 5
8 

[5
6–

65
]; 

gr
ea

te
r p

hy
si

ca
l 

sy
m

pt
om

 b
ur

de
n 

gr
ou

p:
 5

7 
[5

0–
58

]

C
an

ad
a

H
ea

d 
&

 n
ec

k
RT

, C
T 

+
 R

T,
 

su
rg

er
y +

 R
T,

 
su

rg
er

y +
 C

T 
+

 R
T,

 
RT

 +
 ta

rg
et

 
th

er
ap

y

1/
19

 (5
.2

%
)

Q
ue

sti
on

na
ire

 T
SS

 
[5

3]

A
m

ez
ag

a 
et

 a
l. 

[3
5]

C
ro

ss
-s

ec
tio

na
l

15
1 

(9
6,

 5
5)

60
.3

 ±
 11

.3
 (2

8–
87

)
Sp

ai
n

A
ny

 ty
pe

 (b
re

as
t, 

co
lo

n,
 lu

ng
, 

pr
os

ta
te

, o
va

ria
n,

 
ly

m
ph

om
a,

 o
th

er
s)

C
T

59
/1

51
 (3

9.
1%

)
Q

ue
sti

on
na

ire

B
er

nh
ar

ds
on

 e
t a

l. 
[3

6]
C

ro
ss

-s
ec

tio
na

l
51

8 
(3

98
, 1

20
)

58
.7

1 ±
 10

.7
7 

[2
4;

 
85

]
Sw

ed
en

A
ny

 ty
pe

 o
f s

ol
id

 
ca

nc
er

s (
br

ea
st,

 
G

I, 
gy

ne
co

lo
gi

ca
l, 

ot
he

rs
)

C
T

50
/5

18
 (9

.7
%

)
Q

ue
sti

on
na

ire

C
oa

 e
t a

l. 
[8

]
C

ro
ss

-s
ec

tio
na

l
11

99
 (7

17
, 4

50
)

N
ot

 sp
ec

ifi
ed

U
SA

A
ny

 ty
pe

 (b
re

as
t, 

ga
str

o-
in

te
sti

na
l, 

lu
ng

 c
an

ce
r, 

ot
he

r 
so

lid
 c

an
ce

rs
, 

he
m

at
ol

og
ic

, o
r 

un
kn

ow
n 

m
al

ig
-

na
nc

ie
s)

C
T,

 R
T,

 su
rg

er
y,

 
ho

rm
on

e 
th

er
ap

y,
 

tra
ns

pl
an

t

22
3/

11
99

 (1
8.

6%
)

Q
ue

sti
on

na
ire

C
us

ni
r e

t a
l. 

[3
7]

RC
T 

w
ith

 c
ro

ss
-

ov
er

47
 (2

5,
 2

2)
61

U
SA

A
ny

 ty
pe

 (g
as

tro
-

in
te

sti
na

l, 
br

ea
st,

 
ot

he
r)

C
T

38
/4

7 
(8

0%
) a

t 
ba

se
lin

e
Q

ue
sti

on
na

ire
 W

ic
k-

ha
m

 [4
9]

D
er

ks
en

 e
t a

l. 
[3

8]
C

oh
or

t (
pr

os
pe

c-
tiv

e)
87

 (2
6,

 6
1)

64
 ±

 7.
6

N
et

he
rla

nd
s

C
ol

on
A

dj
uv

an
t C

T
8/

45
 (1

8%
)

Q
ue

sti
on

na
ire

G
en

vr
es

se
 e

t a
l. 

[3
9]

O
bs

er
va

tio
na

l r
et

ro
-

sp
ec

tiv
e

63
 (3

4,
 2

9)
G

ro
up

 1
: m

ed
ia

n 
ag

e =
 75

.5
 

[7
0–

87
]; 

gr
ou

p 
2:

 
m

ed
ia

n 
ag

e =
 64

 
[4

2–
69

]

G
er

m
an

y
A

ny
 ty

pe
 (n

on
-

H
od

gk
in

’s
 ly

m
-

ph
om

a,
 p

an
cr

ea
tic

, 
br

ea
st,

 e
so

ph
ag

ea
l, 

lu
ng

)

C
T

12
/6

3 
(1

9%
)

N
ot

 d
es

cr
ib

ed

H
al

ya
rd

 e
t a

l. 
[4

0]
RC

T 
16

9 
(5

1,
 1

18
)

m
ed

ia
n 

59
 [3

1–
88

] 
fo

r t
re

at
m

en
t; 

58
 [3

8–
95

] f
or

 
pl

ac
eb

o

U
SA

H
ea

d 
&

 n
ec

k
RT

10
%

Q
ue

sti
on

na
ire

5695Supportive Care in Cancer (2022) 30:5691–5702



1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

Re
fe

re
nc

e
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
 

(w
om

en
, m

en
)

M
ea

n 
ag

e ±
 S

D
 

[r
an

ge
] (

ye
ar

s)
C

ou
nt

ry
Ty

pe
 o

f c
an

ce
r

Ty
pe

 o
f t

re
at

m
en

t
Pr

ev
al

en
ce

 o
f M

T 
(s

pe
ci

fie
d 

th
e 

da
te

s 
in

 m
on

th
s)

 n
/N

 (%
)

M
et

ho
do

lo
gy

 fo
r 

m
ea

su
re

m
en

t

I I
jp

m
a 

et
 a

l. 
[4

1]
C

oh
or

t (
pr

os
pe

c-
tiv

e)
21

 (0
, 2

1)
M

ed
ia

n 
32

 [2
7–

36
]

N
et

he
rla

nd
s

Te
sti

cu
la

r
C

T
5/

21
 (2

4%
) a

t b
as

e-
lin

e,
 3

/2
1 

(1
4%

) 
at

 1
4 

da
ys

, 2
/2

1 
(9

.5
%

) a
t 1

 m
on

th
s 

af
te

r C
T

Q
ue

sti
on

na
ire

I I
jp

m
a 

et
 a

l. 
[4

2]
C

ro
ss

-s
ec

tio
na

l
12

7 
(7

3,
 5

4)
56

.8
 ±

 13
,7

N
et

he
rla

nd
s

A
ny

 ty
pe

 (n
ot

 p
re

-
ci

se
d)

C
T,

 C
T 

+
 R

T,
 

ho
rm

on
al

 th
er

ap
y,

 
ta

rg
et

 th
er

ap
ie

s

20
/1

27
 (1

5.
7%

)
Q

ue
sti

on
na

ire

Li
nd

se
y 

et
 a

l. 
[4

3]
C

oh
or

t (
pr

os
pe

c-
tiv

e)
10

 (0
,1

0)
55

.5
 (4

3–
67

)
U

SA
Sm

al
l c

el
l l

un
g 

ca
rc

in
om

a
C

T 
+

 pr
op

hy
la

ct
ic

 
cr

an
ia

l R
T

1/
10

 (1
0%

) a
t 

3 
m

on
th

s
Q

ue
sti

on
na

ire

Lo
ga

n 
et

 a
l. 

[4
4]

C
as

e–
co

nt
ro

l
10

0 
(2

8,
 7

2)
 in

 c
as

e 
an

d 
10

1(
29

, 7
9)

 in
 

co
nt

ro
l

64
.9

 ±
 10

.9
 in

 c
as

e 
an

d 
64

.1
 ±

 10
.7

 in
 

co
nt

ro
l; 

[3
2–

90
]

U
SA

H
ea

d 
&

 n
ec

k
RT

, C
T  

+
 R

T,
 

RT
 &

 su
rg

er
y,

 
RT

 +
 C

T 
+

 su
rg

er
y

Pa
tie

nt
s:

 2
9/

98
 

(2
9%

) r
es

po
nd

-
in

g 
(1

00
 in

 to
ta

l);
 

C
on

tro
ls

: 8
/1

00
 

(8
%

) r
es

po
nd

in
g 

(1
01

 in
 to

ta
l)

Q
ue

sti
on

na
ire

M
cD

an
ie

l e
t a

l. 
[4

5]
C

ro
ss

-s
ec

tio
na

l
40

 (4
0,

 0
)

[1
8–

68
]

U
SA

B
re

as
t

C
T

20
/4

0 
(5

0%
)

In
te

rv
ie

w
M

cG
re

ev
y 

et
 a

l. 
[4

6]
C

ro
ss

-s
ec

tio
na

l
89

 (4
9,

 4
0)

67
 ±

 9
Sw

ed
en

Lu
ng

Su
rg

er
y,

 C
T,

 R
T,

 
ta

rg
et

 th
er

ap
ie

s, 
al

on
e,

 o
r i

n 
co

m
bi

-
na

tio
n

9/
89

 (1
0.

1%
)

Q
ue

sti
on

na
ire

 T
SS

 
[5

3]

N
ew

el
l e

t a
l. 

[1
1]

C
ro

ss
-s

ec
tio

na
l

20
4 

(1
26

, 7
8)

57
 [2

0;
 8

6]
A

us
tra

lia
A

ny
 ty

pe
 (c

ol
or

ec
-

ta
l, 

br
ea

st,
 h

ea
d 

&
 n

ec
k,

 st
om

ac
h,

 
lu

ng
, o

th
er

s)

C
T

12
1 

(5
9.

3%
): 

32
.2

%
 

de
cl

ar
ed

 b
y 

pa
tie

nt
s a

nd
 9

.9
%

 
by

 o
nc

ol
og

ist
s

Q
ue

sti
on

na
ire

Po
nt

ic
el

li 
et

 a
l. 

[4
7]

C
ro

ss
-s

ec
tio

na
l

28
9 

(1
54

, 1
55

)
61

 ±
 13

.0
7

Ita
ly

A
ny

 ty
pe

 (l
ym

-
ph

om
a,

 m
ye

lo
m

a,
 

le
uk

em
ia

, b
re

as
t, 

co
lo

re
ct

al
, l

un
g,

 
sto

m
ac

h,
 h

ea
d 

&
 

ne
ck

, o
th

er
)

C
T 

in
 c

om
bi

na
tio

n 
w

ith
 R

T 
or

 ta
rg

et
 

th
er

ap
ie

s

61
/2

89
 (2

1%
)

Q
ue

sti
on

na
ire

Re
hw

al
dt

 e
t a

l. 
[4

8]
B

ef
or

e 
&

 a
fte

r 
(u

nc
on

tro
lle

d)
42

 (3
5,

 7
)

56
 ±

 14
.7

U
SA

A
ny

 ty
pe

 (l
ym

-
ph

om
a,

 b
re

as
t, 

lu
ng

, o
va

ria
n)

C
T

33
 (7

8%
)

Q
ue

sti
on

na
ire

 T
SS

 
[5

3]

So
ar

es
 e

t a
l. 

[4
9]

RC
T 

w
ith

 c
ro

ss
-

ov
er

23
(1

1,
 1

2)
63

U
SA

A
ny

 ty
pe

s (
ga

str
o-

in
te

sti
na

l, 
br

ea
st,

 
ot

he
r)

C
T

20
/2

3 
(8

7%
)

Q
ue

sti
on

na
ire

 W
ic

k-
ha

m
 [4

9]

U
i D

hu
ib

hi
r e

t a
l. 

[5
0]

C
ro

ss
-s

ec
tio

na
l

30
 (2

6,
 4

)
53

.7
 ±

 13
.6

Ir
el

an
d

A
ny

 ty
pe

 (g
yn

ec
o-

lo
gi

ca
l, 

br
ea

st,
 

co
lo

re
ct

al
)

Su
rg

er
y,

 C
T,

 R
T

2/
30

 (6
.7

%
)

Q
ue

sti
on

na
ire

5696 Supportive Care in Cancer (2022) 30:5691–5702



1 3

not identify any studies with a low risk of bias; only 18% of 
the studies had a moderate risk of bias. Finally, there was no 
mention of oral health in any study.

Most of the included studies were observational cross-
sectional studies. Three RCTs and three longitudinal cohort 
studies were included. The primary outcome of the latter 
was the incidence of TSAs, but not MT specifically.

Exploration of heterogeneity

A heterogeneity test assesses whether the results of studies 
can be considered to be similar (homogeneity hypothesis); 
if all the results are similar, the studies can be considered 
together. If the heterogeneity is significant, then there is at 
least one study for which the results cannot be considered 
identical to those of the others, making it inappropriate to 
pool the studies. Significant heterogeneity can usually be 
resolved by subgroup analyses [53]. Considering the signifi-
cant and high heterogeneity (0.97, p < 0.01) encountered in 
our meta-analysis, several subgroup analyses were carried 
out (see the supplementary material). However, the hetero-
geneity remained high and significant according to the can-
cer type (except for the two studies on lung cancer [43, 46]), 
the treatment type, the global risk of bias, and the risk of 
bias for sensory evaluation. Several hypotheses can be pro-
posed as a possible explanation of this heterogeneity. First, 
the treatments in the 22 included articles were mainly chem-
otherapies using many different drugs and administration 
schemes (depending on the cancer type). A subgroup analy-
sis by drug type could not be performed because individual 
data was not available. Second, a large variability in the time 
of MT measurement was observed (e.g., immediately after 
chemotherapy or many months after the end of the treat-
ment), which might account for a large part of the observed 
heterogeneity. Third, several confounding variables, such 
as tobacco use, alcohol consumption, or oral health status 
were not controlled. Indeed, it has been shown that chemo-
therapy can cause oral mucosal lesions, oral candidiasis, and 
an increased abundance of acidophilic oral microflora, which 
may induce the measured taste disturbances [13, 54].

Two studies [37, 49] reported a high MT incidence but 
were based on the same cohort; only the population size var-
ied between these two studies. None of the included studies 
reported MT incidence in the noncancer population, and we 
found no corresponding data in the literature. However, one 
of the coauthors of Logan’s paper [44] (Prof. L. Bartoshuk) 
shared data for the control group with us, in which the MT 
incidence was 8%. Many factors were considered in the anal-
ysis of MT sensation for the general population [15, 42, 44, 
55]: high intense sweetener consumption, anodic stimulation 
of the tongue, chorda tympani damage or direct stimulation, 
pregnancy, burning mouth syndrome, the presence of metals 
(iron, copper, zinc, platin) or salts (calcium, magnesium) Ta
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in the mouth, and medical treatments. However, no clear 
mechanism explaining MT has been reported.

Impact of MT on nutritional status and quality of life 
of cancer patients

There was a presumed impact of MT on weight and/or qual-
ity of life in several of the included studies; however, only 
five studies reported weight changes in the investigated pop-
ulation [8, 22, 41, 43, 49]. Although every included study 
reported TSAs in cancer patients, none of the studies was 

dedicated to MT. Therefore, we were not able to evaluate 
the specific impact of MT on nutritional status and weight in 
patients treated for cancer. Similarly, neither of the two stud-
ies in which TSAs were mentioned as affecting the quality 
of life [38, 39] reported a specific impact of MT on quality 
of life.

Quality of evidence

The quality of evidence for MT prevalence in the cancer 
patient population was considered to be low for different 

Fig. 2  Review authors’ judg-
ments of the risk of bias for 
each item, presented as percent-
ages across all included studies. 
A Nonrandomized controlled 
studies and B randomized con-
trolled studies

Fig. 3  Random effect meta-
analysis of MT prevalence in 
cancer patients. The red dotted 
line represents the estimated 
pooled random effects
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reasons. First, the substantial heterogeneity observed among 
studies could reflect the influence of the different types of 
cancer and/or of the different types of treatments consid-
ered in the included studies. Moreover, for several studies, 
the absence of a description of the location and dose used 
for the treatment might also contribute to the discrepancies 
among studies. Second, most of the included studies were 
unclear regarding MT evaluation or had a high risk of bias 
in the MT evaluation. These findings highlight the necessity 
of using a more rigorous and/or standardized methodology 
for MT evaluation.

The perceptual status of MT

This systematic review addresses the question of MT as 
a symptom of cancer patient treatments and highlight 
the difficulty to evaluate this symptom in an adequate 
manner. Indeed, it is likely that MT is not a basic taste 
since its perception vanished when retro-olfaction was 
suppressed in many studies [14, 15, 28, 29, 56, 57, 58, 59 
60]; MT is thus more in line with the concept of flavor 
that could involve the activation of several chemosensory 
systems [61]. Therefore, we suggest the need to introduce 

an appropriate testing methodology of MT as a flavor. 
We decided to explore, in healthy volunteers, if there was 
a significant difference of intensity in the perception of 
MT when a ferrous sulfate solution is specifically applied 
by swabs to the anterior portion (facial nerve) or to the 
posterior portion (glossopharyngeal nerve) of the tongue. 
Another prospective line of study is currently led by our 
team, the TORCAD program (NCT03558789), and tries 
to better objectify the MT in head and neck cancers by a 
study of saliva composition, basic tastes, and MT testing 
[42] as well as employing serial quality of life [62, 63] 
questionnaires at specific times of treatments. This pro-
spective study shall enable to clarify potential causes of 
MT, namely oxidation between  Fe2+ and oral lipids in the 
mouth [14], removal of inhibition of the facial nerve on 
the glossopharyngeal nerve [16, 17, 18]. In addition, such 
a study would further explore implications for patient care 
and potential management strategies identified by IJpma 
et al. [42], such as the use of plastic cutlery, the addi-
tion of herbs, spices, sweetener, or acid to foods; to eat 
cold or frozen foods; to use “miracle fruit” supplements; 
and to rinse the mouth with chelating agents (e.g., bovine 
lactoferrin).

Fig. 4  Funnel plot for random 
effects of meta-analysis of 
MT prevalence rate versus 
standard error. The dotted black 
triangle line represents the 95% 
confidence interval. The red 
dotted line represents the pooled 
random effects estimate
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Limitations

Bias in the selection phase cannot be excluded. First, all 
relevant studies may not have been indexed in the three 
searched databases (WoS, PubMed, Embase). Second, the 
search was based on a specific list of terms related to the 
subject of this review. The possibility that additional arti-
cles may have been identified using other terms cannot 
be excluded, although the search was intended to be as 
extensive as possible.

Another limitation is the systematic absence of evalu-
ations of oral health status and Candida in the selected 
articles. These health factors may not affect the incidence 
of MT, although they could be critically related to the 
etiology of MT. To clarify this, they should be considered 
in future MT studies.

Conclusion

This systematic review and meta-analysis revealed that 
approximately one-third of cancer patients suffer from 
MT disorder. However, these results should be interpreted 
with caution due to the low quality of the included studies 
which evaluated MT. The findings of this review highlight 
that a standardized procedure needs to be employed to 
evaluate MT in order to obtain high-quality results. More-
over, sensory and/or survey protocols should be followed 
to maximally reduce confounding MT with other tastes, 
particularly the bitter taste. The timing of MT evaluation 
should also be systematically reported to reduce the het-
erogeneity among studies. One of the initial objectives of 
this review was to evaluate the relationship between MT 
prevalence and the nutritional and quality-of-life status 
of cancer patients. However, insufficient information was 
available in the literature to accomplish this objective, 
revealing a gaping lack of knowledge in this field. This 
analysis clearly demonstrated that taste disorders, par-
ticularly MT, are considered independently of the quality 
of life and nutritional issues in prospective clinical stud-
ies. Therefore, it appears to be necessary to (i) promote 
rigorous evaluation of both nutritional status and quality 
of life in prospective clinical and biological studies, (ii) 
consider oral health and treatment in cases of mucositis or 
candidiasis, and (iii) conduct high-quality controlled trials 
to account for MT as well as other taste and smell disor-
ders to improve the nutritional status and quality of life of 
patients treated for cancer. To this end, we are currently 
conducting a prospective study implementing these recom-
mendations in patients with head and neck neoplasms. We 
expect that the results will provide better insights into the 
causes and possible treatments of MT.

Supplementary Information The online version contains supplemen-
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