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Abstract: Background: Concurrent chemoradiotherapy (CCRT) plays an important role in multimodality therapy for 
non-small cell lung cancer. However, esophagitis often develops as a complication of CCRT, causing treatment de-
lays and reducing the patient’s quality of life. We examined the efficacy of polaprezinc (PZ), zinc L-carnosine used for 
the therapy of gastric ulcer, against the onset of esophagitis caused by CCRT for lung cancer. Patients and Methods: 
Patients who concurrently underwent chemotherapy with carboplatin and paclitaxel and thoracic radiotherapy at 
Gifu University Hospital during a period of January 2011 and May 2015 were the subjects of the present study. 
Patients received a mixture of sodium alginate solution and aluminum-magnesium hydroxide gel with (PZ group) 
or without (control group) PZ for prevention of radiation esophagitis. Results: PZ significantly inhibited the develop-
ment of grade ≥2 radiation esophagitis (HR 0.397, 95% confidence interval, 0.160-0.990; P=0.047). In addition, 
PZ lowered the incidence of grade ≥2 esophagitis at the time point of 40 Gy irradiation (26.3% versus 63.2%, 
P=0.05). However, there were no significant differences in the incident rates of other adverse events associated 
with chemoradiotherapy between the PZ group and control group. Moreover, PZ had no significant influence on the 
tumor response rate. Conclusion: PZ significantly retarded the development as well as the incidence of grade ≥2 
esophagitis without affecting the tumor response. 
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Introduction

In the radiation therapy for the treatment of 
lung cancer, the mediastinum is irradiated in 
most cases, which often leads to the develop-
ment of radiation esophagitis. As compared 
with radiation therapy alone or sequential che-
motherapy and irradiation, concurrent chemo-
radiotherapy (CCRT) has been reported to 
result in a greater incidence of side effects, 
especially of radiation esophagitis during the 
acute phase [1, 2]. The radiation esophagitis 
not only leads to interruption or cessation of 
treatment, but also causes intense pain and 
dysphagia. As a result, it may aggravate the 
nutritional status due to the decrease in food 
intake, thereby causing considerable deteriora-
tion in the patient’s QOL [3].

Mucosal edema, infiltration of inflammatory 
cells and ulcerations have been reported as 
histological findings of radiation esophagitis 
during the acute phase [4]. Animal experiments 
conducted on mice have shown that, in radia-
tion esophagitis, there is an increased cytokine 
expression of m-RNAs such as IL-1, TNFα, and 
IFN-γ. The increased expression of cytokines is 
associated with the apoptosis of basal cells 
under the esophageal mucosa, DNA damage, 
micro-ulcers and esophagitis. In addition, the 
administration of superoxide dismutase, an 
enzyme responsible for the degradation of 
reactive oxygen species produced in the cells, 
has been reported to inhibit esophagitis and 
apoptosis [5]. Therefore, it is suggested that 
the inhibition of reactive oxygen species in the 
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esophagus during radiation therapy is a useful 
means of preventing radiation esophagitis.

To date, various interventions, including impro- 
vement of dietary patterns or oral administra-
tion of mucoprotective agents, analgesics, anti-
spasmodics, mucosal anesthetics or antioxi-
dants, have been investigated for prevention  
of radiation esophagitis [6, 7]. However, none 
of them has been proven to be effective. 
Polaprezinc (PZ) is zinc containing compound 
(zincL-carnosine) and used for the treatment of 
gastric ulcers. Several mechanisms underlying 
the anti-ulcer effect of PZ have been postulat-
ed: a direct protective action on the gastroin-
testinal mucosa, a wound healing-promoting 
effect, and a free radical scavenging effect. 
Moreover, it has been shown in animal experi-
ments that PZ is effective in prevention of oral 
mucositis [8, 9]. We previously found that PZ 
suspension with sodium alginate is highly effec-
tive for prevention of oral mucositis caused by 
the chemoradiotherapy in patients with head 
and neck cancers [10]. 

In our hospital, a combination of sodium  
alginate solution and aluminum-magnesium 
hydroxide gel was used conventionally for pre- 
vention of radiation esophagitis. In the present 
study, the effect of PZ in combination with  
sodium alginate solution and aluminum-mag-
nesium hydroxide gel on the development of  
radiation esophagitis was evaluated by a  
retrospective chart review. 

Patients and methods

Patients

Patients with non-small cell lung cancer 
(NSCLC) who received a weekly administration 
of carboplatin (CBDCA) and paclitaxel (PTX) 
combination chemotherapy with a concurrent 
thoracic radiotherapy at the Department of 
Respiratory Medicine, Gifu University Hospital 
between January 2011 and May 2015, were 
analyzed retrospectively. A group of patients 
who did not receive PZ between January 2011 
and December 2012 were included as the con-
trol group (19 patients), and a group of patients 
who were concurrently treated with PZ between 
January 2013 and May 2015 were included as 
the PZ group (19 patients). This study was car-
ried out after receiving approval from the ethi-
cal review board of Gifu University Graduate 
School of Medicine (approval number 26-57).

Chemoradiotherapy

Thoracic radiotherapy was delivered once daily 
fractions of 2 Gy, five fractions a week. 
Irradiation was conducted using a 10-MV X-ray 
linear accelerator as the medical therapeutic 
device, consisting of anterior-posterior oppos-
ing portal irradiation. In principle, the irradia-
tion field was centered mainly on the primary 
tumor. When ipsilateral hilar, ipsilateral medias-
tinal, or contralateral mediastinal lymph node 
metastases were present, these were included 
in the irradiation field. In patients with supracla-
vicular lymph node metastasis, the metastasis 
was also included in the irradiation field. The 
medulla spinalis was excluded from the therapy 
field with a 40 Gy radiation dose.

Chemotherapy consisted of CBDCA (area under 
the plasma concentration-time curve [AUC] 2) 
and PTX (40 mg/m2), which were administered 
through intravenous drip infusion on a weekly 
basis.

Prophylactic medication regimen for esopha-
gitis

In the control group, patients received sodium 
alginate solution (Alloid-G® 5%, Kaigen Phar- 
maceutical Co., Osaka, Japan), (20 ml per 
dose), which was administered orally before 
each meal, as well as aluminum-magnesium 
hydroxide gel (Malfa®, Ono Pharmaceutical Co., 
Osaka, Japan) (10 ml per dose, three times per 
day), which was administered orally between 
meals. In the PZ group, patients received a  
mixture of 60 ml sodium alginate solution  
and 150 mg PZ (Promac granules® 15%, ZERIA 
Pharmaceutical Co., Tokyo, Japan), which was 
administered orally with doses divided into 3 
times per day before every meal, as well as an 
aluminum-magnesium hydroxide gel (10 ml  
per dose, administered orally 3 times a day 
between meals). The oral administration of the 
prophylactic medication was started on the 
irradiation day, and was continued until the 
completion of radiation therapy.

Evaluation of toxicity and response

The grade of esophagitis was assessed accord-
ing to the Common Terminology Criteria for 
Adverse Events (CTCAE) version 4.0 as follows. 
Grade 1: symptoms are absent; only clinical 
findings or laboratory findings are present; and 
medical treatment is not required, Grade 2: 
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symptoms are present; there is an apparent 
deterioration of feeding and swallowing func-
tions; and medical treatment is required, Grade 
3: feeding and swallowing functions are severe-
ly reduced, and there is need for enteral tube 
feeding/total parenteral nutrition (TPN)/hospi-
talization, Grade 4: the patient’s condition is 
life-threatening. Our evaluations of the symp-
toms of esophagitis and the amount of dietary 
intake were based on the written records of 
physicians, nurses, and pharmacists (as stored 
in electronic medical records).

Hematological toxicities such as neutropenia, 
leukopenia, anemia, thrombocytopenia, and 
febrile neutropenia and non-hematological ad- 
verse events, including nausea and vomiting, 
constipation, diarrhea, peripheral neuropathy, 
and malaise, were also evaluated on the basis 
of CTCAE version 4.0 from the laboratory test 

values and the records left by physicians, nurs-
es, and pharmacists in the patients’ electronic 
medical records.

Therapeutic efficacy was evaluated on the 
basis of the Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1. The 
response rate was evaluated at one month 
after the completion of CCRT.

Statistical analysis

Data were analyzed using the Statistics Pro- 
gram for Social Science for Windows (SPSS II, 
version 11, SPSS Inc.). Patients’ data were 
compared between PZ group and non PZ group 
by χ2-test for non-parametric data such as  
gender, incidence of esophagitis and other  
side effects, or by Mann-Whitney U-test for non-
parametric data, including age, clinical stage, 

Table 1. Patients’ characteristics
Control
n = 19

Polaprezinc
n = 19 P-value

No. % No. %
Gender 0.421)

    Male 13 68.4 16 84.2 
    Female 6 31.6 3 15.8 
Age (years) 0.642)

Median (Range) 63.7 (45-83) 64.4 (43-79)
Clinical stage 0.172)

    IIA 1 5.3 1 5.3 
    IIB 2 10.5 0 0.0 
    IIIA 6 31.6 13 68.4 
    IIIB 4 21.1 5 26.3 
    IV 6 31.6 0 0.0 
Histology 0.302)

    Adenocarcinoma 7 36.8 10 52.6 
    Squamous cell carcinoma 9 47.4 8 42.1 
    Others 3 15.8 1 5.3 
Radiation doses (Gy) 0.383)

    Mean (Range) 55.7 (40.0-63.0) 52.8 (40.0-70.0)
Number of chemotherapy courses administered 0.542)

    Mean (Range) 5.2 (3-6) 5.5 (4-8)
Relative dose intensity (Mean, %)
    Carboplatin 94.2 95.8 0.653)

    Paclitaxel 92.1 90.9 0.723)

Dosimetric parameters
    Dmax (Gy) 49.8 ± 11.5 51.5 ± 13.3 0.773)

    Dmean (Gy) 17.7 ± 9.0 19.3 ± 8.7 0.603)

    V40 (%) 21.8 ± 20.0 20.8 ± 19.6 0.883)

Data on the dosimetric parameters represent the mean ± SD. 1)χ2-test, 2)Mann-Whitney U-test, 3)t-test.
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histological type, the number of chemotherapy 
courses, and response rate. Parametric data 
such as dosimetric parameters and relative 
dose intensity of chemotherapy were compared 
between the two groups by Student’s t-test. The 
time course of development of radiation esoph-
agitis was compared by using the Mantel-Cox 
log rank test. P-value less than 0.05 was con-
sidered as the level of statistical significance.

Results

Patients’ characteristics

Characteristics of patients are shown in Table 
1. Both the control and the PZ groups consist-
ed of 19 patients. All of them had an Eastern 
Cooperative Oncology Group performance sta-
tus of 0 or 1. No significant difference was 
found between the two groups in terms of gen-

der, age, clinical stage and 
histological type. Further- 
more, there was no signifi-
cant difference in any of the 
following parameters: the 
total dose of radiation, per-
centage of esophagus vol-
ume treated to ≥40 Gy 
(V40), the maximum (Dmax) 
and mean doses (Dmean) 
delivered to esophagus, the 
number of chemotherapy 
courses, or the relative 
dose intensity between the 
two study groups.

Effect of PZ on radiation 
esophagitis

As shown in Figure 1, the 
development of grade ≥2 
radiation esophagitis was 
significantly retarded by PZ 
(HR, 0.397; 95% confidence 
interval [CI], 0.160-0.990; 
P=0.047). The median 
onset of grade ≥2 esopha-
gitis was 21.0 days (95%  
CI: 16.7-25.3) in the control 
group, while not reached in 
the PZ group. In addition, 
as shown in Table 2, PZ 
inhibited the incidence of 
grade ≥2 radiation esopha-
gitis at the time point of 40 
Gy irradiation (26.3% ver-

Figure 1. Kaplan-Meier plots showing the effect of PZ on the development of 
grade ≥2 radiation esophagitis in patients with NSCLC who received chemora-
diotherapy. The onset of radiation esophagitis was compared between the two 
groups by Mantel-Cox log rank test.

sus 63.2%, P=0.05), although the difference in 
the incidence of radiation esophagitis was not 
significant at the time point of 60 Gy irradiation 
(42.1% versus 63.2%, P=0.33). 

Effect of PZ on other adverse events

The incidence rates of grade ≥2 other adverse 
events are shown in Table 3. No significant  
differences in the incidence of hematological  
or non-hematological adverse events were 
observed between the two groups.

Effect of PZ on the tumor response

As shown in Table 4, tumor response rate (par-
tial response) was not significantly different 
between the two groups, although the response 
rate tended to be higher in PZ group as com-
pared with the control group (68.4% for control 

Table 2. Effect of PZ on the incidence of radiation esophagitis at the 
point of 40 Gy irradiation or 60 Gy irradiation in NSCLC patients who 
received chemoradiotherapy

40 Gy 60 Gy
Control Polaprezinc P-value Control Polaprezinc P-value

Grade 0 5 (26.3) 3 (15.8) 3 (15.8) 2 (10.5)
Grade 1 2 (10.5) 11 (57.9) 4 (21.1) 9 (47.4)
Grade 2 11 (57.9) 5 (26.3) 11 (57.9) 8 (42.1)
Grade 3 1 (5.3) 0 (0) 1 (5.3) 0 (0)
Grade ≥2 12 (63.2) 5 (26.3) 0.05 12 (63.2) 8 (42.1) 0.33
Data were statistically compared by χ2-test.
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group versus 94.7% for PZ group, P=0.094). 
Therefore, it is unlikely that the concurrent use 
of PZ for the prevention of radiation esophagitis 
interferes with the therapeutic efficacy.

Discussion

Chemoradiotherapy including platinum com-
pound is recommended for patients who have 
locally advanced NSCLC [11]. CCRT has a stron-
ger combined effect than sequential chemora-
diotherapy [12], although the therapy has some 
drawbacks from a safety point of view, particu-
larly high incident rate of esophagitis [2]. In 
Japan, weekly CBDCA +PTX chemotherapy regi-
men combined with concurrent radiation thera-
py is one of the standard treatments for unre-
sectable stage III NSCLC [13]. In our hospital, 
this therapeutic approach is primarily used 
when conducting CCRT. In addition, preopera-
tive chemoradiotherapy is among the treat-
ment options for patients with clinical stage IIIA 
(N2) disease and are eligible for lobectomy [14, 

15]. Mascarenhas et al. [16] report-
ed in lung cancer patients who 
undertook radiation therapy that the 
incidence of radiation esophagitis is 
45% after irradiation of 30-40 Gy. In 
addition, Suzuki et al. [3] showed 
that the incidence of all grades 
esophagitis is 77.4% in patients 
receiving radiation therapy for lung 
cancer, in which the average dose of 
radioactivity is 29.7 Gy at the time of 
the onset of esophagitis and that 
the grade ≥2 symptom occurs in 
63% of patients. In generally consis-
tent with the data reported by Suzuki 
et al. [3], the incidence of grade ≥2 
esophagitis was 63.2% and the 
median onset of grade ≥2 symptom 
was 21 days in the control group of 
the present study. 

Radiation esophagitis was often neglected in 
the past, perhaps because there have been vir-
tually no fatal cases in the radioactive esopha-
gitis as a complication of radiation therapy. 
Indeed, no treatment has been established  
for radiation esophagitis. However, pain during 
swallowing and dysphagia due to esophagitis 
may sometimes lead to the difficulty in feeding, 
which reduces the patient’s QOL. In severe 
cases, esophagitis leads to the cessation or 
discontinuation of the therapy. Machtay et al. 
[17] demonstrated in stage III and selected 
medically inoperable Stage II NSCLC patients 
who received CCRT that the prolonged treat-
ment due to the occurrence of severe radiation 
esophagitis is associated with a poor survival 
outcome (HR, 1.02; 95% CI, 1.003-1.03; 
P=0.01 for overall survival; HR, 1.02; 95% CI, 
1.002-1.02; P=0.02 for progression-free sur-
vival). Therefore, the prevention of esophagitis 
is particularly important from the viewpoint of 
the avoidance of treatment delay or cessation 
in addition to the improvement of patient’s 
QOL.

It was notable that the development of grade 
≥2 radiation esophagitis was significantly  
inhibited by PZ (HR, 0.397; 95% CI, 0.160-
0.990; P=0.047). The median onset was 21.0 
days for the control group, while the value did 
not reach in the PZ group. Moreover, PZ reduced 
the incidence of grade >2 esophagitis at the 
time point of 40 Gy but not 60 Gy, thereby sug-
gesting that PZ causes a delay in the onset of 
grade ≥2 esophagitis.

Table 3. Comparison of incidence of grade >2 other side ef-
fects between PZ group and control group

Toxicity (Grade ≥2)
Control Polaprezinc

P-value
No. % No. %

Hematological toxicities
    Neutropenia 5 26 5 26 0.72
    Leukopenia 15 79 14 74 0.72
    Anemia 4 21 2 11 0.66
    Thrombocytopenia 1 5 1 5 1.00
    Febrile neutropenia 0 0 0 0 1.00
Non-hematological toxicities
    Nausea 3 16 4 21 1.00
    Vomiting 0 0 0 0 1.00
    Constipation 9 47 8 42 1.00
    Diarrhea 1 5 1 5 1.00
    Peripheral sensory neuropathy 1 5 0 0 1.00
    Malaise 0 0 1 5 1.00
Data were statistically compared by X2-test.

Table 4. Comparison of therapeutic efficacy 
between PZ group and control group

Response
Control Polaprezinc

P-value
No. % No. %

PR 13 68.4 18 94.7 0.094
SD 6 31.6 1 5.3 
PD 0 0.0 0 0.0 
PR: partial response; SD: stable disease; PD: progressive 
disease. Data were statistically compared by X2-test.
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Zhang et al. [2] reported that dosimetric param-
eters such as Vmax, Vmean and V40 could predict 
the incidence of grade ≥2 radiation esophagitis 
in NSCLC patients receiving CCRT. However, in 
the present study, no significant differences in 
Vmax, Vmean or V40 were found between the PZ 
group and the control group.

PZ is a zinc-containing compound (zinc 
L-carnosine) and has been used for the treat-
ment of gastric ulcer. The agent acts directly on 
the damaged area of the gastric mucosa. PZ 
exerts a direct cytoprotective action through its 
anti-oxidative effect and membrane-stabilizing 
action without affecting the secretion of gastric 
acid. In addition, PZ has a wound healing-pro-
moting action [18]. Preclinical studies have 
demonstrated that PZ is effective in preventing 
the incidence of oral mucositis in hamster 
cheek pouch model induced by fluorouracil or 
acetic acid [8, 9]. We previously reported in 
patients with head and neck cancer that oral 
rinse followed by ingestion of PZ-containing 
sodium alginate solution is dramatically effec-
tive for prevention of severe oral mucositis 
associated with chemoradiotherapy [10]. On 
the other hand, it is likely that radiation esopha-
gitis is based on the development of mucosal 
inflammation as in the case of radiation-
induced oral mucositis. Sonis et al. [19] report-
ed that there are following 5 stages in the 
development of mucosal damage in response 
to the chemoradiotherapy: 1) the emergence of 
reactive oxygen species, 2) the activation of 
nuclear factor-kappa B, which is followed by the 
production of inflammatory cytokines such as 
TNF-α, IL-1β and IL-6, 3) the synthesis of 
ceramide and subsequent activation of caspas-
es, 4) development of inflammation and ulcer-
ation, and 5) healing. It has also been reported 
in animal model of gastric mucosal damage 
that PZ protects gastric mucosa by inhibiting 
the expression of TNF-α [20, 21]. Taken togeth-
er, it is suggested that PZ inhibits the develop-
ment of radiation esophagitis possibly via inhi-
bition of reactive oxygen species and cytokines 
such as TNF-α.

On the other hand, it has been demonstrated 
that zinc itself possesses the membrane-stabi-
lizing action [22], anti-oxidative effect [23, 24], 
and wound healing-promoting effect [25]. It has 
also been shown that zinc alone reveals an 
inhibitory effect on the radiation stomatitis 
[26]. Moreover, L-carnosine has been reported 

to possess a healing-promoting effect and 
immunoregulatory activity [27, 28]. PZ exerts 
its pharmacological actions after attachment 
to the gastric mucosa in the stomach, followed 
by the dissociation into zinc and L-carnosine, 
and subsequent penetration into the mucosal 
cells [29]. Yoneta et al. [30] compared the phar-
macological effect of zinc with PZ and showed 
that PZ is more potent in revealing pharmaco-
logical actions and longer in duration of the 
attachment to the mucosa, while the tissue  
irritating and corrosive actions are far less 
potent, than zinc [30]. Therefore, both zinc and 
L-carnosine appear to be requisite to fulfill 
pharmacological actions of PZ.

In our study, the sodium alginate was used in 
combination with PZ, resulting in high viscosity. 
Sodium alginate is known to possess tissue-
protective action. Although sodium alginate 
has long been used for the treatment of esoph-
agitis and stomatitis associated with radiother-
apy, its efficacy in the prevention of esophagitis 
still remains unclear [31]. In addition, inclusion 
of sodium alginate into PZ may allow PZ to 
attach to the esophageal mucosa for a longer 
period because of the high viscosity of sodium 
alginate. This could potentially increase the 
prophylactic efficacy of PZ against esophagitis. 
Furthermore, aluminum-magnesium hydroxide 
gel is effective against gastroduodenal ulcers, 
gastritis, and upper gastrointestinal tract dys-
function. However, few evidence has been 
accumulated suggesting that aluminum-mag-
nesium hydroxide gel has a preventive effect 
against radiation esophagitis, although this 
solution is reportedly effective in reducing the 
reflux esophagitis due to gastric acid [32].

In the present study, PZ had no influence on the 
incidence of other adverse events. Moreover, 
the tumor response rate was not changed or 
even higher in PZ group as compared with the 
control group, thereby indicating that PZ has 
little, if any, influence on the clinical outcome of 
the chemoradiotherapy.

The present study has several limitations: this 
was a single center retrospective study with a 
small number of patients. Therefore, a prospec-
tive randomized control study on a large scale 
is warranted to demonstrate the prophylactic 
effect of PZ against esophagitis induced by 
chemoradiotherapy in patients with NSCLC.
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In conclusion, PZ in combination with sodium 
alginate and aluminum-magnesium hydroxide 
gel was found to be highly effective in suppress-
ing the development of radiation esophagitis 
without affecting the tumor response rate in 
NSCLC patients receiving CCRT. Therefore, PZ 
may become a useful supportive option that 
helps to prevent radiation esophagitis from the 
viewpoints of improvement of patient’s QOL 
and maintenance of the treatment course with-
out dose reduction.
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