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Introduction
In Japan, stomach and colorectal cancers are the most frequent 

causes of cancer-related death [1-3] despite dramatic advances in 
diagnosis and surgical treatment. Chemotherapy plays an important 
role in the treatment of these cancers, and fluoropyrimidines, such 
as 5-fluorouracil (5-FU) and S-1, are widely used as key drugs [4,5]. 
Furthermore, the recent progress in chemotherapy has extended 
the overall survival of patients with these cancers [2,3,6], in whom 
fluoropyrimidines are sometimes used for periods longer than a year. 
Oral mucositis is one of the most common symptomatic complications 
associated with the use of fluoropyrimidines [7,8]. Severe oral 
mucositis can cause intolerable pain and increase the risk of systemic 
infections, necessitating dose reduction and discontinuation of cancer 
chemotherapy. Moreover, this adverse effect may have an impact on 
patient nutrition and quality of life (QOL) [9], and therefore, an effective 
and prophylactic intervention to alleviate this complication is needed. 

The Multinational Association for Supportive Care/International 
Society of Oral Oncology mucositis guidelines for cancer patients 
recommend maintaining good oral hygiene, emphasizing the 
importance of keeping the oral cavity clean [8,10]. Moisture in the oral 
cavity may alleviate irritation caused by mechanical contact between the 
teeth and oral mucosa, and oral dryness may exacerbate oral mucositis. 
Therefore, keeping the oral cavity moist is important for the prevention 
of stomatitis. Some studies have suggested that anti-ulcer agents may be 
effective for the symptomatic control of oral mucositis in cancer patients 
[11,12]. Rebamipide, one of the cytoprotective agents originally used for 
the treatment of gastroduodenal ulcers [13], is well known to increase 
mucus secretion [14]. Moreover, rebamipide has also been suggested 
to attenuate mucosal injury through the suppression of oxidative 
stress and reactive oxygen species (ROS) production and through the 

exertion of inhibitory effects on pro-inflammatory cytokines, such as 
tumor necrosis factor-alpha (TNF-α) and interleukins 1 and 6 [13,15]. 

We examined the clinical efficacy of oral rinse with lemon-flavored 
water, with or without rebamipide, against oral mucositis during the 
8 weeks following chemotherapy initiation. Because of its strong and 
bitter aftertaste, 100% Pokka Lemon® (Pokka Sapporo Food & Beverage 
Ltd., Sapporo, Japan) flavoring was used with the rebamipide solution 
[16]. We then compared the clinical effects of oral rinse with lemon-
flavored water, alone or with rebamipide, on the incidence and degree 
of stomatitis, the rate of gargling compliance, and QOL scores. 

Materials and Methods
Patients

Patients were eligible for this study if they signed an informed 
consent document and met all of the following criteria: (1) 
pathologically proven gastric or colorectal cancer; (2) age 20-85 years; 
(3) Eastern Cooperative Oncology Group performance status of 0-2;
(4) WBC count between 4,000 and 12,000/mm3, platelet count greater
than 100,000/mm3, hemoglobin greater than 8 g/dL, and serum
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Abstract
Aim: To examine the efficacy of oral rinsing against chemotherapy-induced stomatitis.

Methods: Consecutive fluoropyrimidine-treated patients with stomach and colorectal cancer were enrolled from 
April 2009 to March 2011 (n=43; Group 1) and from January 2012 to December 2012 (n=45; Group 2). The incidence 
and severity of stomatitis were compared between Group 1 patients, who were instructed to gargle with lemon-
flavored water 6 times daily, and Group 2 patients, who did not receive any specific guidance. Among patients in the 
gargle group, we determined the rate of gargling compliance as well as quality of life (QOL) scores, and evaluated 
the impact of rebamipide use on patient outcomes. 

Results: The incidence of stomatitis was significantly reduced in Group 1 (14.0%) compared to that in Group 
2 (33.3%) and its severity in the former group was milder. Among patients using lemon-flavored water, concomitant 
rebamipide use had no statistically significant impact on stomatitis incidence (with versus without rebamipide, 19.0% 
versus 9.0%), the rate of gargling compliance (96.4% versus 94.2%), or QOL scores.

Conclusions: Oral rinse with lemon-flavored water is useful for the symptomatic control of fluoropyrimidine-
induced stomatitis, regardless of the presence or absence of rebamipide.
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bilirubin less than 1.5 mg/dL; and (5) receiving fluoropyrimidines for 
chemotherapy. Between April 2009 and March 2011, 48 consecutive 
eligible patients were enrolled. Among them, 5 patients were excluded 
because their follow-up did not reach 8 weeks, mainly due to changes 
in or discontinuation of the protocol because of disease progression. 
The remaining 43 patients (Group 1) were assigned into one of 2 
treatment groups: Group 1A patients received lemon-flavored water 
alone, and Group 1B patients received lemon-flavored water containing 
rebamipide. A second group of 50 consecutive patients (gastric cancer; 
25 and colorectal cancer; 25) who met the same criteria were enrolled 
from January 2012 to December 2012. From these, 5 patients were 
excluded because changes to their treatment protocol were made within 
8 weeks, and 45 patients who received no specific instruction regarding 
oral rinsing were examined (Group 2). This study was approved by the 
institutional review board of Nagoya Memorial Hospital.

Oral care

Group 1 patients were instructed to gargle 6 times per day (after 
each meal, at 10:00 AM, at 3:00 PM, and before sleep) for 8 weeks with 
300 mL/day of water containing 5-10 mL of 100% Pokka Lemon® with 
or without 300 mg/day rebamipide and followed by oral rinsing with 
50 ml of tap water [17-19]. They were also instructed on daily gargle 
solution preparation by a multidisciplinary team using an instruction 
sheet (Figure 1). Pokka Lemon® juice is commercially available at a 
reasonable price (costing 483 yen for 8 weeks) and is easy to prepare. 
As previously described [16], the content of rebamipide in an acidic 
solution with a PH of 3-4 was 99.3% after 4 h and 98.4% after 8 h, 
indicating sufficient stability in lemon-flavored water. Therefore, Pokka 
Lemon® was chosen as the flavoring agent for the rebamipide gargle 
solution used in this prospective study. To determine compliance rates, 
patients were instructed to use a diary and self-check during the 8-week 
treatment period. Meanwhile, the comparison patients in Group 2 were 
explained about the adverse effects of fluoropyrimidine treatment 
without receiving any specific instruction on oral rinsing.

Assessment of oral mucositis and QOL

Oral mucositis was diagnosed by a multidisciplinary team for 
the duration of chemotherapy. Its severity in patients receiving 
fluoropyrimidine-based chemotherapy (Groups 1 and 2) was evaluated 
by several operators (Ina K, Furuta R, Kikuchi F, Tajiri C, and Kato T) 

through physical examination and careful interview according to the 
National Cancer Institute Common Terminology Criteria for Adverse 
Events (NCI-CTCAE) version 4.0. In Group 1, evaluation of QOL was 
performed on days 1, 28, and 56 using 2 questionnaires: the European 
Organization for Research and Treatment of Cancer (EORTC) 
QLQ-C-30 and the General Oral Health Assessment Index (GOHAI) 
[20,21]. The EORTC QLQ-C-30 comprises 30 questions, incorporating 
5 functional scales (physical, role, cognitive, emotional, and social 
functioning), 3 symptom scales (fatigue, pain, and nausea), several 
single-item symptom measures, and a global health and QOL scale. The 
GOHAI questionnaire was originally developed to assess oral health 
problems in older adults. This questionnaire is also a self-reported 
assessment of QOL containing 12 questions. Studies have suggested 
that the GOHAI questionnaire is more sensitive to relatively mild oral 
symptoms compared with other indices, such as the Oral Impacts on 
Daily Performance index [22,23]. 

Statistical analysis

Frequencies of oral mucositis were compared between the 2 groups 
using Fisher’s test. Comparison of stomatitis severity was performed 
using the Mann-Whitney U test. EORTC QLQ-C-30 and GOHAI 
scores were compared on days 1, 28, and 56 using the Bonferroni test. 
Differences in compliance rates and QOL scores between Groups 1A 
and 1B were analyzed using the Mann-Whitney U test. P-values were 
calculated using StatFlex statistical software (Artech, Osaka, Japan), 
and a P-value of less than 0.05 was considered significant. 

Results
Group 1 included 43 fluoropyrimidine-treated patients with 

stomach and colorectal cancers (19 cases versus 24 cases) who were 
enrolled during the earlier enrollment period, while Group 2 included 
45 similar patients (stomach cancer; 22 cases versus colorectal cancer; 
23 cases) who were enrolled during the later enrollment period. Patient 
characteristics for both groups are shown in Table 1. The 8-week 
incidence of oral mucositis was significantly lower in Group 1 than in 
Group 2 (14.0% versus 33.3%; P=0.0454). Within 8 weeks, 6 Group 1 
patients (14.0%) suffered from grade 1 oral mucositis, whereas in Group 
2 there were 7 cases of grade 1 oral mucositis (15.6%), 5 cases of grade 
2 oral mucositis (11.1%), and 3 cases of grade 3 oral mucositis (6.7%) 
(Figure 2). The severity of oral mucositis also differed significantly 
between the 2 groups (P=0.0178).

Of the 43 patients in Group 1, 22 were assigned to Group 1A (without 
rebamipide) and 21 were assigned to Group 1B (with rebamipide) 
(Table 2). There were no statistically significant differences in the 
incidence of stomatitis between these groups (1A versus 1B, 9.0% versus 

Guide for the gargle
① Please add 300mL of water. 

②

(for  Group 1B patients).

③ Please add 5mL of
100%  Pokka Lemon®. 
If the bitterness is still too strong,
you can increase this up to 10 mL . 

④ Please shake well to dissolve the solution.

⑤ Please gargle with 50mL of the mixed solution  once.

○ Please gargle 6 times per day (after each meal,  at 10:00 AM, at 03:00 PM, and before sleep),
and use all of the solution in 1 day.

○ Please shake well to dissolve the solution before each gargle.
○ The bitterness may remain after gargling ; however, please do not drink or eat for 30 minutes.

300mL

⑥ Please gargle with 50mL of tap water.

Figure 1: Instruction sheet of gargle used in this study.

Group 1 Group2
Period April 2009-March 2011 January 2012-December 

2012
Number 43 45
Gender

Male 29 34
Female 14 11

Age (years)
Median 63 69
Range 41-81 50-84

Primary site
Colorectal 24 23

Stomach 19 22

Table 1: Characteristics of patients in Groups 1 and 2.
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19.0%). Fairly good rates of gargling compliance were achieved in both 
Groups 1A (94.2%) and 1B (96.4%), indicating that nearly all Group 1 
patients were able to complete oral rinsing 6 times daily. QOL scores 
using the EORTC QLQ-C-30 were chronologically determined for each 
patient at days 1, 28, and 56 after the initiation of chemotherapy. All 30 
measures of this QOL assessment showed no significant changes from 
before to after chemotherapy in both Groups 1A and 1B. Evaluation 
of serial changes in GOHAI scores for both groups as determined at 
day 1 (53.3 ± 7.8 versus 56.0 ± 5.5, respectively), day 28 (55.9 ± 12.7 
versus 53.5 ± 13.5, respectively), and day 56 (56.8 ± 4.7 versus 53.8 ± 
6.1, respectively) revealed essentially the same tendency as those of the 
EORTC QLQ-C-30. Both questionnaires indicated that the presence of 
rebamipide treatment did not impact QOL at each time point. 

Discussion
In the current study, oral mucositis was investigated in patients 

with stomach and colorectal cancer receiving fluoropyrimidine-based 
chemotherapy. We first determined the incidence and severity of 
oral mucositis in the 8 weeks following chemotherapy initiation and 
compared these between 2 patient groups enrolled at different periods: 
April 2009 to March 2011 (Group 1) and January 2012 to December 
2012 (Group 2). We found that patients in the earlier enrollment group, 
who were instructed to gargle 6 times a day, suffered from oral mucositis 
less frequently than patients in the second enrollment group, who 
were not specifically instructed to gargle. Recent randomized studies 
in patients with gastrointestinal cancer showed that the incidence of 
stomatitis was 25-51% in those receiving 5-FU-based chemotherapy 
[5,24,25]. The incidence of oral mucositis in Group 2 (15/45; 33.3%) 
was comparable to that in previous reports, whereas the incidence in 
Group 1 (6/43; 14.0%) was significantly lower. In addition, the degree 
of oral mucositis in Group 1 was exclusively assessed as grade 1, while 
in Group 2 the severity of oral mucositis ranged from grade 1 to grade 
3. These differences in the incidence and severity of stomatitis between 
Groups 1 and 2 should support the efficacy of oral rinsing with lemon-
flavored water. Oral mucositis may lead to a reduction in the response 
to chemotherapy as a result of treatment interruption or inadequate 
treatment doses [26-28]. As fluoropyrimidine-based chemotherapy 
has been widely used in the treatment of gastrointestinal cancer, the 
development of an effective and prophylactic intervention to alleviate 
oral mucositis is warranted. Because there is currently no specific 
therapy to control this complication, the importance of oral rinsing 
with lemon-flavored water cannot be over-exaggerated. 

We failed to detect any additional effects of rebamipide when added 
to a lemon-flavored water oral rinse with regard to compliance or 
QOL. This study does not have enough power to detect any differences 
between patients gargling with lemon-flavored water alone and those 
gargling with lemon-flavored water containing rebamipide, because 
Group 1 comprised only 43 patients in total. However, we still place 
emphasis on that the severity of stomatitis was mild in patients, who 
were instructed to gargle 6 times daily. These findings may imply that 
oral rinsing with lemon-flavored water is effective for the alleviation 
of stomatitis and maintenance of QOL, regardless of the presence or 
absence of rebamipide in the gargle solution. 

Group 1 patients were more frequent recipients of a multidisciplinary 
approach to oral care than those in Group 2, as they were instructed 
on the gargle preparation and procedure. Because we have neither 
dentists nor dental hygienists at our institution, our study saw active 
contributions from pharmacists in collaboration with the nursing staff, 
who provided patients with instructions on gargle preparation and 
conducting self-checks using the diary in adition to administering 2 
types of QOL questionnaires. Frequent communication with members 
of the multidisciplinary team enhanced patient compliance with 
the gargle regimen, which may be very helpful in the prophylactic 
intervention of oral mucositis. Microorganisms present in the saliva 
and oral cavity have potential roles in mucosal inflammation [29]. 
Because oral streptococci are the principal commensal bacteria 
making up normal biofilm and play a role in resistance to colonization 
by invading pathogens, keeping the oral cavity clean and moist with 
oral rinsing should be important for the prevention of oral mucositis. 
Previous studies have demonstrated that rinsing with lemon-flavored 
water could promote saliva secretion [30]. In any case, oral rinsing 6 
times a day may be sufficient to keep the oral cavity clean and moist.

We conclude that oral rinsing with lemon-flavored water, 
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P=0.0178 (Group 1 versus Group 2) using the Mann-Whitney U test
P-values were calculated using StatFlex statistical software (Artech, Osaka, 
Japan), and a P-value of less than 0.05 was considered significant.  

Figure 2: Severity of oral mucositis according to NCI-CTCAE version 4.0

Group 1A
(without rebamipide)

 (n=22)

Group 1B
(with rebamipide)

(n=21)
Gender

Male 14 15
Female 8 6

Age (year)
Median 62 68
Range 41-79 57-81

Performance status
0 10 14
1 11 6
2 1 1

Primary tumor site
Colorectal 13 11
Stomach 9 10

Chemotherapy
S-1 alone 2 4
S-1/paclitaxel 3 3
S-1/cisplatin 2 2
PSC 1 1
UFT alone 1
UFT/LV 1
mFOLFOX6 4 2
FOLFIRI+bevacizumab 2 2
FOLFIRI+cetuximab 1 1
XELOX 3 2
Capecitabine alone 2 2
XELOX+bevacizumab 1 1

PSC: Paclitaxel plus S-1/cisplatin combination therapy [32]; mFOLFOX: 
intravenous bolus and infusional 5-fluorouracil/folinic plus oxaliplatin; FOLFIRI: 
intravenous bolus and infusional 5-fluorouracil/folinic plus irinotecan; XELOX: 
capecitabine plus oxaliplatin

 Characteristics of patients randomly assigned into the 2 groups.Table 2:
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supported by multidisciplinary intervention, can successfully attenuate 
the incidence and severity of fluoropyrimidine-induced stomatitis [31], 
enabling patients to continue with their chemotherapeutic regimens for 
extended periods.
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