
Abstract. Background/Aim: Dysgeusia is one of the adverse
events frequently affecting patients undergoing cancer
chemotherapy. Dysgeusia-induced anorexia could decrease
patient’s quality of life. The present study was designed to
determine whether the zinc-containing compound polaprezinc
improves chemotherapy-induced dysgeusia. Patients and
Methods: The incidence of grade 2 dysgeusia was assessed in
634 patients receiving cancer chemotherapy in outpatient
settings during January 2013 and June 2017. Polaprezinc was
administered to patients showing grade 2 dysgeusia and the
effect was compared with that in patients subjected to follow-
up observation. Results: Grade 2 dysgeusia appeared in 80
patients (12.6%), in whom pancreatic cancer and treatment
with fluoropyrimidines were significant risks for dysgeusia.
Polaprezinc, when administered to patients with grade 2
dysgeusia, significantly shortened the duration of dysgeusia
compared with that in the follow-up observation group.
Subgroup analysis indicated that polaprezinc was less effective
in patients with pancreatic cancer, those receiving gemcitabine,
or those whose age was 65 year-old and over. Conclusion:
Chemotherapy-induced dysgeusia occurred with high
frequency in patients with pancreatic cancer or in those
receiving fluoropyrimidines. Polaprezinc was highly effective
in improving the symptom of dysgeusia, except for patients with
pancreatic cancer, those receiving gemcitabine and the elderly.

Dysgeusia is one of the adverse events that occurs frequently
during cancer chemotherapy. The occurrence of dysgeusia

associated with cancer chemotherapy is reported to appear
approximately in 67% of all cases and in 38% of moderate to
severe cases (1-2). According to the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0 (3),
dysgeusia is graded into two categories, grade 1 and grade 2,
and is not life-threatening, thus the symptom is often
overlooked in clinical practice. However, the disturbance of
taste deprives patients of the enjoyment of food and causes
nutritional derangement due to the reduction in appetite, which
leads to impairment of patient’s quality of life (4-6). Moreover,
in lung cancer patients receiving crizotinib, anorexia associated
with dysgeusia led to the discontinuation of therapy due to the
loss of body weight (7). Therefore, chemotherapy-induced
dysgeusia should be carefully managed for the maintenance of
patient’s quality of life and continuation of cancer therapy.
Although the precise mechanisms underlying chemotherapy-

induced dysgeusia remain to be clarified, inhibition of the
differentiation and proliferation of cells in the taste buds by the
direct toxic action of chemotherapy drugs and the deficiency in
zinc due to chelation by some chemotherapeutic agents may be
implicated in the etiology of dysgeusia (8). In general, cells with
a rapid turnover, including those in the taste buds, are more
susceptible to anticancer drugs than other cells (9). Moreover,
it has been demonstrated that a high amount of zinc is required
for the regeneration of cells in taste buds, thereby indicating that
zinc deficiency may cause the impairment of gustatory sense
(10). Fukasawa et al. (11) reported that 5-fluorouracil has the
ability to chelate zinc ions, which may contribute, at least in
part, to the induction of dysgeusia (12). Thus, in addition to 5-
fluorouracil’s direct toxic action on mucosal cells of the taste
buds, deficiency in zinc appears to contribute to the gustatory
dysfunction associated with this drug. Therefore,
supplementation of zinc is likely to be effective for alleviating
dysgeusia. However, there have only been few studies on the
effect of zinc supplementation on dysgeusia. Yamagata et al.
(13) showed in a preliminary study composed of a small
number of patients receiving cancer chemotherapy, that
premedication with zinc reduces the incidence of dysgeusia. 
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On the other hand, in patients with idiopathic taste
impairment with zinc deficiency, oral administration of
polaprezinc (zinc-L-carnosine) has been reported to improve
taste disturbance by elevating plasma zinc concentration. We
previously reported, that pretreatment with polaprezinc at a
daily oral dose of 75 mg prevents the occurrence of
dysgeusia associated with radiochemotherapy in patients
with head and neck cancer (14). 
Therefore, in the present study, the incidence and risk of

dysgeusia were investigated in patients who received cancer
chemotherapy in our outpatient chemotherapy clinic. The
effect of oral administration of polaprezinc on the recovery
from dysgeusia was subsequently examined in patients who
showed grade 2 symptoms, and the effect was compared
with that obtained from patients who were subjected to
follow-up observation.

Patients and Methods
Patients. A total of 1,098 patients received cancer chemotherapy in
our outpatient chemotherapy clinic during the period between Jan
2013 and Jun 2017. Among them, 464 patients had received cancer
chemotherapy, thus, the remaining 634 patients who did not have
cancer chemotherapy were the subjects included in the present

study. Data obtained from the electronic medical records of our
hospital were analyzed retrospectively. 
The present study was carried out in accordance with the

guidelines for human studies adopted by the ethics committee of the
Gifu University Graduate School of Medicine, and notified by the
Japanese government (Institutional review board approval No.26-
156). In view of the retrospective nature of the study, the need for
informed consent from subjects was not mandated. 

Assessment of dysgeusia. Dysgeusia was graded according to the
Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0 (3): grade 1 is characterized by altered taste but no
change in diet, and grade 2 is characterized by altered taste with
change in diet (e.g., oral supplements), noxious or unpleasant taste,
and loss of taste. 

Risk analysis for dysgeusia. Demographics of patients who received
cancer chemotherapy were compared between patients who
experienced grade 2 dysgeusia and those who did not. Factors that
showed significant differences between the two groups were
subjected to univariate and multivariate logistic regression analyses.

Evaluation of the effect of polaprezinc. Eighty patients who showed
grade 2 dysgeusia were orally administered with polaprezinc at a
daily dose of 150 mg (twice a day) until the symptom disappeared,
while the follow-up observation group did not receive treatment
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Table I. Comparison of demographic between patients showing grade 2 dysgeusia and those without significant dysgeusia.

                                                                            With dysgeusia (N=80)                          Without dysgeusia (N=554)                                      p-Value

Age (average, range)                                                   66.3 (22-83)                                                65.9 (22-90)                                                    0.590a
Gender (male/female)                                                       41/39                                                         276/278                                                       0.811b
Height (cm)                                                                    160.4±7.5                                                   159.7±53.0                                                     0.515c
Body weight (kg)                                                            54.6±9.1                                                     55.6±18.8                                                      0.376c
Body mass index                                                            21.2±3.3                                                     21.7±10.4                                                      0.254c
Serum creatinine (mg/dl)                                              0.73±0.24                                                    0.70±0.25                                                      0.463c
Creatinine clearance (ml/min)                                    77.10±25.50                                               81.30±29.90                                                   0.384c

Cancer type                                                                N                   %                                          N                  %                                                        

Colorectal cancer                                                      29                 36.3                                     195               35.2                                                 0.854b
Pancreatic cancer                                                      20                 25.0                                        78               14.1                                                 0.012b
Gastric cancer                                                           12                 15.0                                        51                 9.2                                                 0.105b
Breast cancer                                                              6                   7.5                                        54                 9.7                                                 0.521b
Malignant lymphoma                                                 3                   3.8                                        54                 9.7                                                 0.080b
Lung cancer                                                                4                   5.0                                        43                 7.8                                                 0.378b
Others                                                                          6                   7.5                                        79               14.3                                                 0.097b

Chemotherapy drugs                                                 N                   %                                          N                  %                                                        

Fluoropyrimidines                                                    48                 60.0                                     267               48.2                                                 0.048b
Gemcitabine                                                              18                 22.5                                        83               15.0                                                 0.086b
Taxanes                                                                      11                 13.8                                        92               16.6                                                 0.517b
Platinum                                                                    40                 50.0                                     295               53.2                                                 0.586b
Anthracyclines                                                            7                   8.8                                        81               14.6                                                 0.156b

aMann-Whitney U-test; bchi-square test; ct-test.



except for azulene gargle solution. Kaplan–Meier plots of the time
course of grade 2 symptoms were compared between the
polaprezinc group and follow-up observation group.

Subgroup analysis for the effect of polaprezinc. The odds ratio (OR)
and 95% confidence interval (CI) for the effect of polaprezinc were
calculated with respect to the demographic characteristics of patients.

Statistical analyses. Data were analyzed using IBM SPSS version 22
(IBM Japan Ltd., Tokyo, Japan) and GraphPad Prism version 6.0
(GraphPad Software, San Diego, CA, USA). p-Values less than 0.05
were considered significant. In order to compare the demographics of
patients between the two groups, t-test was used for parametric
variables and chi-square test or Mann–Whitney U-test was used for
non-parametric variables. The incidence rates of grade 2 dysgeusia
were compared by Kruskal–Wallis test followed by Scheffe's test for
multiple comparison. For comparison of the incidence of dysgeusia
between the two groups, chi-square test or Fisher’s exact probability
test was carried out. Kaplan–Meier estimation was used to analyze
the improvement of grade 2 dysgeusia and median time to recovery
from grade 2 dysgeusia was compared by Mantel–Cox log rank test. 

Results
Comparison of demographics between patients with and without
grade 2 dysgeusia. The incidence rate of dysgeusia was 41.8%
(268/634) for all grades and 12.6% (80/634) for grade 2. To
determine the risk of grade 2 dysgeusia, demographics of
patients were compared between patients who had grade 2
dysgeusia and those who did not. As shown in Table I, pancreatic
cancer (25.0% vs. 14.1%, p=0.012) and fluoropyrimidines
(60.0% vs. 48.2%, p=0.048) were more prevalent in patients
who experienced grade 2 dysgeusia than in those who did not.
Other factors, including age, gender, height, body weight, renal
function, cancer types other than pancreatic cancer, and
chemotherapy drugs excluding fluoropyrimidines, were not
significantly different between the two groups.

Risk factors for dysgeusia. As shown in Table II, a
multivariate logistic regression analysis showed that pancreatic
cancer (OR=4.467; 95%CI=1.024-19.491; p=0.046) and use
of fluoropyrimidines (OR=1.999; 95%CI=1.101-3.632;
p=0.023) were significant risk factors for grade 2 dysgeusia.
Interestingly, the incidence rate of grade 2 dysgeusia was

elevated as the number of risk factors increased: 7.3% for no
risk factors, 14.9% (p=0.021 versus no risk) for one risk factor
and 41.7% (p=0.002 versus no risk) for two risk factors.

Improvement of grade 2 dysgeusia by oral administration of
polaprezinc. The rate of recovery from grade 2 dysgeusia
within 90 days after the onset of symptoms was 60.0% (24
of 40 patients) in patients who administered oral polaprezinc,
which was significantly higher than that (22.5%, 9 of 40
patients) in the follow-up observation group (OR=5.167;
95%CI=1.94-3.700; p=0.0007). As shown in Figure 1,
Kaplan–Meier plots indicated that the median time to
recovery from grade 2 dysgeusia was significantly shorter in
the polaprezinc group than in the follow-up observation
group (63 days versus 112 days, hazard ratio (HR), 1.778;
95%CI=1.275-2.280; p=0.019). 
As shown in Table III, there were no significant differences

in the demographics of patients, except for age, in which
median age was significantly (p=0.028) lower in the
polaprezinc group than in the follow-up observation group.

Subgroup analysis of the action of polaprezinc. The OR for the
curative effect of polaprezinc compared to the follow-up
observation was evaluated with respect to the demographics of
patients. As shown in Figure 2, polaprezinc was less effective
(OR=1.89; 95%CI=0.41-8.61; p=0.662) in the elderly (65 years
old and older) than in patients younger than 65 years old
(OR=5.50; 95%CI=1.63-18.55; p=0.011). Patients with
pancreatic cancer were less responsive to polaprezinc (OR=1.40;
95%CI=0.20-10.03; p=0.867) than those with other types of
cancer. Moreover, use of gemcitabine interfered with the effect
of polaprezinc (OR=0.88; 95%CI=0.11-7.11; p=0.685). In
contrast, patients with colorectal cancer had the highest response
to polaprezinc (OR=20.0; 95%CI=2.05-195.0; p=0.008).

Discussion

In the present study, the incidence rate of dysgeusia was
41.8% for all grades and 12.6% for grade 2 in patients who
received cancer chemotherapy in our outpatient
chemotherapy clinic. Hovan et al. (15) showed in a
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Table II. Uni- and multi-variate logistic regression analyses for the risk of grade 2 dysgeusia in outpatients receiving cancer chemotherapy. 

                                                                              Univariate analysis                                                                    Multivariate analysis

                                                          OR                       (95%CI)                      p-Value                     OR                          (95%CI)                      p-Value

Pancreatic cancer                            2.034                 (1.162-3.561)                    0.013                     4.467                   (1.024-19.491)                   0.046
Gastric cancer                                 1.740                 (0.884-3.428)                    0.109                     1.545                    (0.747-3.197)                    0.241
Use of gemcitabine                         1.647                 (0.928-2.926)                    0.088                     0.657                    (0.135-3.190)                    0.603
Use of fluoropyrimidines               1.612                 (1.000-2.599)                    0.050                     1.999                    (1.101-3.632)                    0.023



systematic review of 26 clinical studies that the incidence
rates of all grades of dysgeusia were 56-76%, depending on
the type of cancer treatment. However, our data were
generally consistent with the data reported by Ishikawa et al.
(16) who showed that dysgeusia occurs in 43.8% of
outpatients receiving cancer chemotherapy. Similar data were
also shown by Sugawara et al. (17), who reported that taste
disorder appears in 45.9% of patients who undergo cancer
chemotherapy in outpatient settings. On the other hand,
Perrone et al. (18) reported a less frequent incidence of
dysgeusia in breast cancer patients treated with docetaxel
(23% for grade 1 and 2% for grade 2). Therefore, it is
considered that the incidence of chemotherapy-induced
dysgeusia varies among different chemotherapeutic
regimens.
Imai et al. (12) reported that the chemotherapeutic

regimens containing 5-fluorouracil cause dysgeusia more
frequently than those without 5-fluorouracil (48.1% vs.
38.8%). Sugawara et al. (17) also showed an increase in the
incidence of dysgeusia by the addition of 5-fluorouracil.
Interestingly, our multivariate logistic regression analysis
showed that the use of fluoropyrimidines was a significant
risk factor for grade 2 dysgeusia. Fluoropyrimidines cause
injury of the oral mucosa (19) as well as the gustatory nerve
(20). Moreover, these compounds inhibit the absorption of
zinc ions by inducing their chelation (11). All of these
fluoropyrimidine actions may contribute to the development
of dysgeusia. 
On the other hand, we reported here for the first time that

pancreatic cancer was a significant risk factor for grade 2
dysgeusia. Zinc is absorbed from the upper digestive tract
after associating with metallothionein, a zinc-binding protein
that is present abundantly in the pancreatic juice (21-22). In
addition, insulin promotes the transition of zinc from the
lumen to the epithelium of the intestinal tract. Yu et al. (23)
reported a deficiency of zinc in patients with
pancreatoduodenectomy and the recovery from zinc
deficiency by supplementation of pancreatic enzymes. In the
present study, partial pancreatectomy was performed in the
majority of patients with pancreatic cancer. Taken together,
it is suggested that the decrease in the absorption of zinc due
to the reduction in metallothionein in pancreatic cancer
patients with partial pancreatic resection contributes, at least
in part, to the high incidence of dysgeusia.
Although various compounds, including zinc compounds

(13, 24-26), amifostine (15, 27), cannabinoids (28) and
vitamin D (29), have been tested for the purpose of
preventing or treating chemotherapy-induced dysgeusia,
most of them have shown limited effect. 
We previously reported that oral administration of

polaprezinc at a daily dose of 75 mg in patients who received
radiochemotherapy for head and neck cancer, is more
effective than placebo for the prevention of grade 2 taste

disturbance (6.7% vs. 53.3%, p=0.006) and grade >2
mucositis (40.0% vs. 86.7%, p=0.009) (14). Sakagami et al.
(30) reported that polaprezinc increases serum zinc level
dose-dependently and also improves gustatory dysfunction
in patients with idiopathic taste disorder. 
Polaprezinc (Promac granules 15%®, Zeria

Pharmaceutical Co., Ltd, Tokyo, Japan) is zinc-L-carnosine
that has been approved in Japan as an anti-ulcer drug with
gastric mucosal protective action. This drug contains 34 mg
zinc in one g of Promac granule preparation and the dosage
for gastric ulceration is half a g of the preparation that
contains 75 mg polaprezinc or 17 mg zinc twice in a day.
In the present study, patients with grade 2 dysgeusia either

received polaprezinc at a daily dose of 150 mg or were
subjected to follow-up observation. As a result, significant
improvement of taste disturbance was observed in the
polaprezinc group. Kaplan–Meier estimates also indicated
that the median time to recovery from grade 2 dysgeusia was
significantly shorter in the polaprezinc group than in the
follow-up observation group (HR=1.778; 95%CI=1.275-
2.280; p=0.019). 
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Figure 1. Kaplan–Meier plots comparing the effects of polaprezinc and
follow-up observation on the duration of grade 2 dysgeusia in outpatients
receiving cancer chemotherapy. Polaprezinc was administered to 40 patients
showing grade 2 dysgeusia, while follow-up observation was carried out to
the remaining 40 patients showing grade 2 dysgeusia. Median duration was
statistically compared by Mantel–Cox log-rank test.



Subgroup analysis indicated that polaprezinc was less
effective in the elderly (over 65 years old), in patients with
pancreatic cancer, or in those who received gemcitabine. The
lower susceptibility to polaprezinc in the elderly may be
explained by a possible reduction in the absorption of zinc.

On the other hand, zinc absorption might be lowered in
pancreatic cancer patients with partial resection of pancreas
due to the reduction in metallothionein. Therefore, it is likely
that supplementation of zinc by the use of polaprezinc is not
sufficient to elevate the level of zinc, which might be one of
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Figure 2. Subgroup analysis for the improving action of polaprezinc against chemotherapy-induced dysgeusia in patients who showed grade 2
dysgeusia. OR for the relief of dysgeusia induced by polaprezinc to that obtained by the follow-up observation was assessed in each patient group.
Data were statistically analyzed by chi-square test. 

Table III. Comparison of demographics of patients receiving polaprezinc or those subjected to follow-up observation after appearance of grade 2
dysgeusia.

                                                                           With polaprezinc (N=40)                        Without polaprezinc (N=40)                                     p-Value

Age (average, range)                                                   64.0 (22-81)                                                68.6 (39-83)                                                    0.028a
Gender (male/female)                                                       19/21                                                           22/18                                                         0.502b
Height (cm)                                                             161.0                6.9                                     159.8              8.0                                                 0.378c
Body weight (kg)                                                      54.6                8.7                                       54.6              9.5                                                 0.911c
Body mass index                                                      21.0                2.9                                       21.4              3.6                                                 0.088c
Serum creatinine (mg/dl)                                           0.70              0.24                                       0.75            0.25                                               0.796c
Creatinine clearance (ml/min)                                 82.55            26.84                                     71.69          23.17                                               0.338c

Cancer type                                                                N                   %                                          N                  %                                                        

Colorectal cancer                                                      17                 42.5                                        12               30.0                                                 0.245b
Pancreatic cancer                                                        8                 20.0                                        12               30.0                                                 0.439b
Gastric cancer                                                             3                   7.5                                          9               22.5                                                 0.115b
Breast cancer                                                              3                   7.5                                          3                 7.5                                                 1.000b
Others                                                                          7                 17.5                                          6               15.0                                                 1.000b

Chemotherapy drugs                                                 N                   %                                          N                  %                                                        

Fluorouracil                                                               22                 55.0                                        26               65.0                                                 0.361b
Gemcitabine                                                                9                 22.5                                          9               22.5                                                 1.000b
Taxanes                                                                       4                 10.0                                          7               17.5                                                 0.518b
Platinum                                                                    21                 52.5                                        19               47.5                                                 0.655b
Anthracyclines                                                            3                   7.5                                          4               10.0                                                 1.000b

aMann–Whitney U-test; bChi-square test; ct-test.



the reasons why the effect of polaprezinc was not sufficient
in pancreatic cancer patients. Thus, supplementation of
pancreatic enzymes in addition to polaprezinc seemed to be
required for the effective amelioration of dysgeusia in
patients with pancreatic cancer. 
In addition, most of the patients with pancreatic cancer

received gemcitabine in the present study, which may
explain why the use of gemcitabine interfered with the effect
of polaplezinc. In contrast, polaprezinc was highly effective
in improving dysgeusia in patients with colorectal cancer
who received platinum or fluoropyrimidines.
There were several limitations of the present study: It was

a single center, retrospective study, there were no zinc
concentration measurements, and the relation between the
development of dysgeusia and blood zinc concentration was
not adequately assessed.
In conclusion, pancreatic cancer and the use of

fluoropyrimidines were significant risk factors for grade 2
dysgeusia in outpatients receiving cancer chemotherapy. Oral
administration of polaprezinc at a daily dose of 150 mg was
effective in ameliorating grade 2 dysgeusia, although the
compound was less effective in patients with pancreatic
cancer, those who received gemcitabine and the elderly.
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