
Abstract. Background/Aim: Polaprezinc suspension in
sodium alginate (PZ-AG) reduces the incidence and severity
of oral mucositis in adult patients receiving radiotherapy or
high-dose chemotherapy. In the present study, the
prophylactic effect of PZ-AG against oral mucositis was
assessed in pediatric patients with hematological
malignancies receiving high-dose chemotherapy followed by
hematopoietic stem cell transplantation (HSCT). Patients
and Methods: Data of 16 children who underwent HSCT
during a period between January 2010 and December 2017
were obtained from medical records and they were
retrospectively analyzed. Oral mucositis was evaluated by
the WHO scale. Results: Six (37.5%) of 16 children refused
to take PZ-AG in a preliminary assessment and they were
pretreated with azulene gargle. The remaining 10 (62.5%)
patients were pretreated with PZ-AG for prevention of oral
mucositis. Grade≥ 3 oral mucositis occurred in 5 (83.3%)
of 6 patients receiving azulene gargle, but in 2 (20%)
patients who took PZ-AG (p=0.035). The prevalence for the
use of opioid analgesics was also significantly lower (30%
vs. 100%, p=0.011), while the average duration of total
parenteral nutrition use was significantly shorter (11.1 days
vs. 24.3 days, p=0.016), in PZ-AG group than in azulene
group. On the other hand, PZ-AG had no significant
influence on the incidence of other adverse events, mean
time to engraftment, or overall survival. Conclusion: PZ-AG
was found to be highly effective in preventing oral mucositis

in pediatric patients with hematological malignancies
receiving high-dose chemotherapy followed by HSCT, as in
adult patients.

Oral mucositis is one of the most common and distressful
complications in cancer chemotherapy and/or radiotherapy
and is often accompanied by pain, odynophagia, dysgeusia
and subsequent dehydration and malnutrition, which reduces
patients’ quality of life (QOL) (1, 2). Especially, the
incidence of oral mucositis in pediatric and adolescent
patients is about three times higher than that in adult patients
because of a higher proliferation rate of basal cells (3).
Additionally, children who receive high-dose chemotherapy
followed by hematopoietic stem cell transplantation (HSCT)
are at high risk of developing severe oral mucositis (4, 5).
Cheng et al. reported in a multicenter study consisting of 140
patients with ages between 6 and 18 years old that high-
symptom burden due to oral mucositis induced by cancer
chemotherapy may have profound impacts on patient QOL
and levels of psychological burdens on patients and their
families (6). Therefore, the prevention or amelioration of oral
mucositis associated with chemotherapy and/or radiotherapy
is important in children.

Palifermin (Kepivance, Swedish Orphan Biovitrum AB,
Stockholm, Sweden), which is a recombinant human
keratinocyte growth factor (KGF), decreases the severity and
duration of oral mucositis after intensive therapy for
hematologic cancers in adult patients (7, 8). In children
receiving HSCT conditioning using high-dose chemotherapy
associated with a high rate of severe oral mucositis, KGF was
recommended as only a prophylactic agent against oral
mucositis by the Pediatric Oncology Group of Ontario
(POGO) Mucositis Prevention Guideline Development Group
(9). However, the recommendation for the use of KGF in
pediatric patients is weak, because of the lack of sufficient
data on the efficacy and toxicity and long-term follow-up of
KGF (9). Therefore, the development of a prophylactic agent
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for oral mucositis associated with cancer treatment in pediatric
cancers remains a significant challenge world-wide.

We recently reported that oral ingestion of polaprezinc, a
zinc-L-carnosine, suspension in sodium alginate (PZ-AG) is
highly effective for prevention of oral mucositis associated
with radiotherapy in adult patients with head and neck
cancer, as well as in adult patients with high-dose
chemotherapy for HSCT (10-12). This compound is highly
safe and approved in Japan as an anti-ulcerative drug with
mucoprotective action. However, it is still unclear whether
PZ-AG prevents the incidence of oral mucositis induced by
chemotherapy in children with high-dose chemotherapy for
HSCT. The present study was designed to clarify the
prophylactic effect of PZ-AG against oral mucositis in
children with hematological malignancies receiving high-
dose chemotherapy followed by HSCT.

Patients and Methods
Study design and patients. Data obtained from medical records were
analyzed retrospectively. Sixteen children with hematological
malignancies, ranging from 1 year to 18 years in age, breceived
high-dose chemotherapy followed by autologous peripheral blood
stem cell transplantation during a period from January 2010 to
December 2016. We preliminary checked whether PZ-AG could be
acceptable to the children before introduction of chemotherapy. In
patients who could not take PZ-AG, azulene gargle was pretreated
for prevention of oral mucositis.

Preparation of polaprezinc sodium alginate suspension (PZ-AG).
Polaprezinc (Promac granules VR 15%®, Zeria Pharmaceutical Co.,
Tokyo, Japan) at 0.5 g was suspended in 20 ml of 5% sodium
alginate solution. Five ml volume of PZ-AG suspension was orally
rinsed for 2 min, then swallowed for 4 times in a day and continued
for a month after transplantation. PZ-AG was started to be
administered before introduction of chemotherapy.

Evaluation of oral mucositis and other adverse events. The incidence
and severity of oral mucositis was evaluated according to the World
Health Organization (WHO) oral mucositis grading scale, as follows:
no symptom of oral mucositis (grade 0), oral soreness or erythema
was observed (grade 1), oral erythema and ulcers or the patients can
eat solids (grade 2), oral ulcers or the patients can take liquid diet
only (grade 3) and the oral nourishment is not possible (grade 4) (13). 

The incidence rates and severity of rash, erythema, nausea,
vomiting and diarrhea were evaluated according to the Common
Terminology Criteria for Adverse Events (CTCAE, National Cancer
Institute, MD, USA) version 4.0. The prevalence for the use of
analgesics, including local anesthetics and opioid analgesics, for the
relief of pain associated with oral mucositis was compared between
azulene group and PZ-AG group. 

Ethics statement. The present study was conducted according to the
guidelines for human studies determined by the ethics committee of
Gifu University Graduate School of Medicine and the Government
of Japan and was approved by the institutional review board
(approval no. 23-145). In view of the retrospective nature of the study,
the need for the informed consent of subjects was not mandated.

Statistical analysis. The parametric analysis was carried out by
using t-test, while nonparametric analysis was performed by using
Mann–Whitney U-test. The mean duration of engraftment was
assessed by Kaplan–Meier method and was statistically compared
between the two groups using the Mantel–Cox log-rank test. 

Data were analyzed by using SPSS version 22 (SPSS Inc.,
Chicago, IL, USA) and GraphPad Prism version 6.0 (GraphPad
Software, San Diego, CA, USA). The p-values of less than 0.05
were considered statistically significant.

Results
Comparison of patient demographics between PZ-AG group
and azulene group. Of 16 eligible children, 6 (37.5%) refused
taking PZ-AG because of unfavorable taste and undesirable
texture of PZ-AG in preliminary evaluation, and they were
therefore pretreated with azulene gargle for prevention of oral
mucositis (azulene group). Thus, the other 10 children (62.5%)
were pretreated with PZ-AG for prevention of oral mucositis
induced by high-dose chemotherapy (PZ-AG group).
Thereafter, the prophylactic effect of oral mucositis between
azulene group and PZ-AG group was compared.

As shown in Table I, there were no significant differences in
demographics, including gender, age, height, body weight,
laboratory data, diagnosis and chemotherapy regimens between
the two groups. The most common type of cancer was
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Table I. Patient demographics.

                                                            Azulene            PZ-AG       p-Value

Gender (male/female)                            4/2                    5/5           0.632a
Age (mean, range)                             8.8 (1-5)          7.2 (2-18)     0.891b
Hight (cm)                                        128.8±38.5       112.1±0.35     0.212c
Weight (kg)                                       33.1±19.3         21.5±12.7      0.167c
Body surface area (m2)                    1.10±0.48         0.80±0.35      0.212c
Serum albumin (g/dl)                        4.1±0.18           4.1±0.24       0.977c
Aspartate aminotransferase (u/l)      31.3±9.75         32.3±13.7      0.883c
Alanine aminotransferase (u/l)         36.5±36.6         25.5±14.5      0.405c
Serum creatinine (mg/dl)                 0.40±0.23         0.30±0.28      0.713c
White blood cells (/mm3)              3737±5131.9    3092±3103.2   0.757c
Hemoglobin (g/dl)                             8.8±0.93           9.7±0.73       0.053c
Plate (×106/mm3)                              19.2±5.35          20.5±7.9       0.733c
Diagnosis, %                                                                                    0.977d
  Neuroblastoma                                 4 (66.7)              3 (30)              
  Medulloblastoma                             1 (16.7)              3 (30)              
  Ewing sarcoma                                1 (16.7)                  0                  
  Atomic neuroectodermal                      0                   1 (10)              
  Rhabdomyosarcoma                              0                   1 (10)              
  TumorVentricular ependymoma            0                   2 (20)              
Chemotherapy regimens                                                                  0.504d
  CBDCA+L-PAM+ETP                    4 (66.7)              3 (30)              
  L-PAM + CPA                                 1 (16.7)              6 (60)              
  BU + L-PAM                                   1 (16.7)              1 (10)              

aFisher’s exact probability test, bMann-Whitney U-test, ct-test, dchi-
square test. CBDCA: Carboplatin; L-PAM: Melphalan; ETP: etoposide;
CPA: cyclophosphamide; BU: busulfex.



neuroblastoma (n=4, 66.7%), followed by medulloblastoma
(n=1, 16.7%) and eEwing sarcoma (n=1, 16.7%) in azulene
group, while neuroblastoma (n=3, 30%) and medulloblastoma
(n=3, 30%), followed by tumor ventricular ependymoma (n=2,
20%), atomic neuroectodermal (n=1, 10%) and rhabdomyo-
sarcoma (n=1, 10%) in PZ-AG group. The most common
chemotherapy regimen was CBDCA + L-PAM + ETP
(carboplatin, melphalan, etoposide) (n=4, 66.7%), followed by
L-PAM + CPA (melphalan, cyclophosphamide) (n=1, 16.7%)
and BU + L-PAM (busulfex, melphalan) (n=1, 16.7%) in
azulene group, and L-PAM + CPA (n=6, 60%), followed by
CBDCA + L-PAM + ETP (n=3, 30%) and BU + L-PAM (n=1,
10%) in PZ-AG group.
Incidence of oral mucositis, the prevalence of the use of
analgesics and average period of total parenteral nutrition
(TPN). As shown in Figure 1A, the incidence rates of grade 1,
grade 2 and grade 3 oral mucositis were 16.7% (1/6), 50%
(3/6) and 33.3% (2/6), respectively, in azulene group, but 20%
(2/10), 60% (6/10) and 20% (2/10), respectively, in PZ-AG
group. The incidence of grade ≥3 oral mucositis was
significantly lower in PZ-AG group than in azulene group
(20% vs. 83.3%, p=0.035) (Figure 1B). Moreover, the average
grade of oral mucositis was significantly lower in PZ-AG
group than in azulene group (2.1 vs. 3.7, p=0.037) (Figure 1C). 

The prevalence for the use of opioid analgesics was
significantly lower in PZ-AG group than in azulene group (30%
(3/10) vs. 100% (6/6), p=0.0113), although the prevalence for
the use of non-opioid analgesics was not significantly different
between the two groups (Figure 2A). Moreover, the average

duration of TPN in PZ-AG group was significantly shorter than
that in azulene group (11.1 days (95% confidence interval
(CI)=0-32.7) vs. 24.3 days (15.3-34.0), p=0.016) (Figure 2B),
while the implementation rate of TPN was slightly and not
significantly lower in PZ-AG group than in azulene group (70%
for PZ-AG group vs. 100% for azulene group).
Comparison of the incidence rates of other non-
hematological adverse events between the two groups. There
were no significant differences in the incidence rates of other
adverse events such as rash, malaise, nausea, vomiting and
diarrhea between azulene group and PZ-AG group (Table II). 

Comparison of the time to engraftment of HSCT and overall
survival between the two groups. All patients in both azulene
group and PZ-AG group succeeded in the engraftment. The
mean time to engraftment tended to be shorter, though not
significantly, in PZ-AG group than in azulene group (14.7
days (95%CI=9.9-25.8) vs. 17.2 days (12.2-28.2), HR=1.348
(95%CI=0.394-4.608), p=0.634) (Figure 3A). On the other
hand, there was no significant difference in the rate of
overall survival between the two groups (HR=0.9862,
95%CI=0.1652-5.877, p=0.9877) (Figure 3B).

Discussion

We previously reported that oral ingestion of PZ-AG was highly
effective for prevention of oral mucositis associated with high-
dose chemotherapy for HSCT in adult patients with
hematological malignancies (11). In the present study, the
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Figure 1. The incidence of (A) all four grade oral mucositis, (B) incidence of grade ≥3 oral mucositis and (C) the severity of oral mucositis in
patients receiving high dose chemotherapy and radiotherapy followed by HSCT between azulene group and PZ-AG group. *Fisher’s exact probability
test, **Mann-Whitney U-test.



prophylactic effect of PZ-AG was evaluated in pediatric patients
(1-18 years old in age) with hematological malignancies who
received high-dose chemotherapy followed by HSCT. 

PZ-AG was effective in reducing the incidence of severe
(grade≥3) oral mucositis and the severity (mean grade) of oral
mucositis associated with high-dose chemotherapy for HSCT
in children with hematological malignancy. As a consequence,
the prevalence of the use of opioid analgesics was significantly
lower in PZ-AG group than in azulene group. Moreover, the
average duration of TPN use was significantly shorter in PZ-
AG group than in azulene group. On the other hand, there were
no significant differences in the incidence rates of other adverse
events, including rash, malaise, nausea, vomiting and diarrhea.
Moreover, PZ-AG had no significant influence on the clinical
outcomes such as the rate of engraftment, time to engraftment,
or the rate of overall survival. Taken together, it is suggested
that PZ-AG is potentially useful for the selective prevention of
oral mucositis in pediatric patients receiving high-dose
chemotherapy for HSCT. 

Zinc is generally considered to be relatively nontoxic in
both pediatric and adult populations (14-16). Moreover, it is
unlikely that zinc has mutagenic or carcinogenic action in
human. Although a few studies have reported that advanced
prostate cancer is associated with chronic intake of high
amount of zinc (17, 18), a number of investigators have
shown a lack of relationship between the intake of dietary or
supplemental zinc and the development or progression of

prostate cancer (19-21). Polaprezinc has long been used in
Japan as an anti-ulcer drug and proved to be highly safe. In
the present study, the dose of polaprezinc was 75 mg/day
that was half of the dose used for anti-ulcer action.
Moreover, PZ-AG was extremely inexpensive, in which the
cost was JPY 59 ($0.556)/day (JPY 1,796 ($16.7)/month).
Therefore, PZ-AG may become a potentially useful and
highly cost-effective drug for prevention of oral mucositis
induced in pediatric population by cancer chemotherapy.

However, oral acceptability of PZ-AG was limited since 6
of 16 patients (37.5%) refused oral intake of this drug due to
high viscosity of the insipid suspension, indicating that
limitation of oral acceptability to children is a drawback of
PZ-AG. Thus, it is necessary to develop a formulation that is
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Figure 2. Comparison of the use of anesthetic agents and the average duration of TPN in patients receiving high dose chemotherapy and
radiotherapy followed by HSCT between azulene group and PZ-AG group. *Fisher’s exact probability test, **Mann-Whitney U-test. 

Table II. Incidence of non-hematological adverse events. 

                                    Azulene                  PZ-AG                   p-Value

Rash                             0                              1 (10%)                   1.000 
Malaise                       6 (100%)                10 (100%)                 1.000 
Nausea                        6 (100%)                  8 (80%)                   0.500 
Vomiting                    6 (100%)                  7 (70%)                   0.250 
Diarrhea                     4 (66%)                    5 (55%)                   0.633 

Data were compared by chi-square test.



easy for children to take. We recently reported the preparation
of a novel lozenge containing polaprezinc to resolve the
problem of limited oral acceptability of PZ-AG (22). 

The mechanisms underlying the prophylactic effect of
polaprezinc against oral mucositis remain to be clarified.
Polaprezinc is an insoluble zinc complex of L-carnosine. Zinc
ion in polaprezinc may contribute to the protective action
against oral mucositis induced by chemotherapy and/or
radiotherapy. The Multinational Association of Supportive Care
in Cancer and International Society of Oral Oncology Clinical
Practice Guidelines provides a weak recommendation of oral
administration of zinc supplements for prevention of oral
mucositis in oral cancer patients receiving radiation therapy or
chemotherapy (23). On the other hand, several investigators
showed that polaprezinc inhibits the production of
inflammatory cytokines, including tumor necrosis factor-α,
interleukin-1β and interleukin-6, all of which are considered to
be involved in the pathogenesis of chemotherapy- or
radiotherapy-induced oral mucositis (24-27). Therefore, in
addition to the antioxidant effect of polaprezinc, the inhibitory
of the production of inflammatory cytokines may contribute to
the prophylactic action of polaprezinc against oral mucositis.

Although several agents, including KGF (28-31),
granulocyte colony-stimulating factor (32-34), vitamin E (35),
sucralfate (36), transforming growth factor-β2-enriched feeding
(37) and chlorhexidine gluconate (38) have been tested for
prevention of oral mucositis associated with cancer treatment
in pediatric patients, none of them except for KGF has been
confirmed to show reproducible protective action. Lauritano et
al. (31) showed in a case-control study of children undergoing
allogeneic HSCT for acute lymphoblastic leukemia that KGF

reduces the severity of mucositis (average grade: 1.73 for KGB
vs. 2.47 for control, p=0.030), duration of parenteral nutrition
(16 days vs. 26 days, p=0.002) and duration of mucositis (6
days vs. 12 days, p=0.003). Similarly, Czyzewski et al. (29)
demonstrated by a matched-pair analysis in 62 pediatric
patients undergoing first autologous HSCT that KGF
significantly decreases the incidence of severe (grade 3-4 by
WHO scale) oral mucositis, length of hospitalization, duration
of oral mucositis (p=0.035), and the incidence of clinically or
microbiologically documented infections (p=0.038). Vitale et
al. (28) reported by a retrospective analysis in children
undergoing autologous HSCT for malignant diseases that the
incidence of grade 3-4 oral mucositis tends to decrease in KGF
group as compared with in control group (20% vs. 42.4%,
p=0.072). In addition, Lucchese et al. (30) reported in a
randomized-controlled clinical trial in children with B-cell
lineage acute lymphoblastic leukemia who received HSCT that
KGF reveals a statistically significant reduction in the
incidence of grade 3 and 4 oral mucositis as compared to
placebo treatment. However, data concerning the safety and
efficacy of KGF have not been sufficiently accumulated in
pediatric population. Moreover, there has been a lack of long-
term follow-up data on KGF regarding a possible incidence of
secondary malignancies through the stimulation of KGF
receptor in pediatric cancers (9, 39, 40). Thus, the use of KGF
is a weak recommendation, and KGF may be considered for
children undergoing HSCT if the benefits of mucositis
prevention outweigh the risks and costs (9). Moreover, KGF is
highly expensive: one vial containing 6.25 mg palifermin for
injection is $1,650 (data from Drugbank: https://
www.drugbank.ca/drugs/DB00039), and 6 injections (3
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Figure 3. Kaplan–Meier plots showing (A) the time to engraftment and (B) overall survival after starting chemotherapy. Data were statistically
compared using Mantel-Cox log rank test.



consecutive days before and 3 consecutive days after
chemotherapy) are required for prevention of oral mucositis. 

There are several limitations in the present study. This
was a retrospective study, thus several confounding factors
could be ruled out. Second, sample size was small and data
were obtained from a single institution. Therefore, a
randomized control study in a larger scale is needed to
demonstrate the prophylactic effect of PZ-AG against oral
mucositis induced in pediatric patients by high dose
chemotherapy followed by HSCT.  

In conclusion, PZ-AG was found to be effective in
reducing the incidence of severe oral mucositis in children
with hematopoietic malignancies who received high dose
chemotherapy followed by HSCT. PZ-AG is safe and
inexpensive. Therefore, PZ-AG may become a highly cost-
effective agent that is potentially useful for prevention of
oral mucositis associated with cancer chemotherapy in
pediatric patients. 
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