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Purpose: This study was performed to evaluate the efficacy and safety of clove-based herbal
mouthwash in ameliorating radiation-induced oral mucositis in patients with head and neck cancer.
Methods: Fourteen patients were prospectively enrolled in this study and randomized to either
an experimental group or a control group. The patients of the experimental group swished their
mouths with a clove-based herbal mouthwash during radiotherapy (RT), while the patients of
the control group swished with clear water. The primary end point of this study was incidence
of radiation-induced oral mucositis. The secondary end points were time to onset of radiation-
induced oral mucositis, duration of radiation-induced oral mucositis, incidence of supplemental
nutrition through feeding tube, maximum pain score, body weight loss, incidence of RT inter-
ruption, and duration of RT interruption.

Results: The use of clove-based herbal mouthwash shortened the duration of grade =2 mucositis
(24.3 days vs 37.1 days, P=0.044) and reduced body weight loss during RT (3.1% vs 7.4%,
P=0.023) compared with clear water. The use of clove-based herbal mouthwash also reduced the
incidence of grade 3 mucositis (28.6% vs 57.1%), supplemental nutrition (0% vs 28.6%), and
RT interruption (14.3% vs 28.6%), and reduced the duration of grade 3 mucositis (5.1 days vs
17.7 days) and RT interruption (1 days vs 8.5 days). In addition, clove-based herbal mouthwash
delayed the time to onset of mucositis (26.6 days vs 24.5 days) and reduced the maximum pain
score (4.1 vs 4.9). However, these differences were not statistically significant.

Conclusion: Although we could not find significant differences in some end points, this single-
blind randomized study showed that a clove-based herbal mouthwash can have a potentially
beneficial effect on minimizing or preventing radiation-induced oral mucositis in patients with
head and neck cancer. To confirm the results of our study, well-designed randomized studies
with large sample sizes will be required.
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Introduction

Radiotherapy (RT) plays an important role in the treatment of locally advanced head
and neck cancer. Radiation-induced oral mucositis is the most common complication
of RT and causes clinical and economic problems, in patients with head and neck
cancer.'* Although many clinical studies attempting to reduce radiation-induced oral
mucositis have been reported, there is no widely accepted effective agent for treatment
of radiation-induced oral mucositis.> !
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Flos caryophylli (clove) based herbal mouthwash was
originally prepared to inhibit halitosis and consists of
clove, Fructus schisandrae, Radix glycyrrhizae, Magnolia
officinalis, and Herba menthae.'* Several studies have
reported that ingredients of clove-based herbal mouthwash
show anti-inflammatory effects in both in vitro and in vivo
models,*?* and two cases were recently reported in which
chemotherapy-induced oral mucositis was improved after
using a clove-based herbal mouthwash.”® However, there are
no reports on the effect of clove-based herbal mouthwash on
radiation-induced oral mucositis. This study was performed
to evaluate the efficacy and safety of clove-based herbal
mouthwash in the amelioration of radiation-induced oral
mucositis in patients with head and neck cancer.

Materials and methods

Patient eligibility criteria included presence of histologi-
cally confirmed head and neck cancer, treatment with RT
either definitively or postoperatively, good general condition
with performance status of =2 in the Eastern Cooperative
Oncology Group classification, no previous head and neck
irradiation, and planned RT dose of =50 Gy to two different
subsites of the inspected oral cavity and oropharynx. Patients
with poor oral hygiene or unhealed wounds in the oral cavity
or oropharynx were excluded. Patients who received induc-
tion chemotherapy or were scheduled to receive concurrent
chemotherapy were also excluded. The study was approved
by the Institutional Review Board of Kyung Hee University
Medical Center, and was conducted in compliance with the
Declaration of Helsinki guidelines. We obtained written
informed consent from all patients.

From May 2014 through May 2015, 14 patients were
prospectively enrolled in this study and randomized to
either the experimental group or the control group. The
patients assigned to the experimental group were instructed
to swish their mouths with 10 mL of clove-based herbal
mouthwash for 1 minute and then expectorate. The gargling
procedure was to be repeated four times (30 minutes before
every meal and going to bed) each day, and practiced at the
onset of RT until 2 weeks after completion of RT or until
radiation-induced oral mucositis subsided. To prepare the
herbal mouthwash, 8 g of F. caryophylli, 6 g of F. schisan-
drae, and 4 g each of R. glycyrrhizae, M. officinalis, and
H. menthae were extracted twice with 80% ethanol. Extracts
were concentrated, mixed with 200 mL water, and packaged
in plastic bottles. Herbal mouthwash was standardized based
on the contents of clove, F. schisandrae, R. glycyrrhizae,
M. officinalis, and H. menthae equipped with ultraviolet

(UV) detector.'* The separation was carried out using
Nucleosil® C ¢ column with 4.0x250 mm inner diameter,
(Waters, Taunton, MA, USA) at 25°C. The mobile phase was
acetonitrile-water—acetic acid (50:50:1, v/v) at a flow rate of
0.8 mL/min. The detection wavelength was set at 254 nm. The
injection volume was 10 UL. Clove-based herbal mouthwash
and reference to the calibration curve obtained with glycyr-
rhizin, eugenol, magnolol, and honokiol were analyzed in
triplicate. Glycyrrhizin, eugenol, magnolol, and honokiol
were found in clove-based herbal mouthwash at a mean level
of 20, 0.9, 0.5, and 0.4 ppm, respectively. All herbs were
purchased from Kyung Hee University Medical Center, and
quality control of the preparation process was conducted
according to Korean Good Manufacturing Practice. The
solution was stored in a refrigerator, and shaking the bottle
before administration was mandatory. Patients assigned to
the control group were instructed to swish their mouths with
10 cc of clear water. The clear water was purified using water
purifier and stored in a refrigerator. The gargling procedure
ofthe control group was identical to that of the experimental
group. One of the investigators checked compliance with the
instructions for the gargling procedure weekly and repeat-
edly instructed the volunteers of both groups to adhere to the
gargling procedure every day. Any medications or mouth-
wash solutions for radiation-induced oral mucositis were
not allowed in either group. All patients were also instructed
to clean their teeth with a soft toothbrush three times a day
(after every meal). If spontaneous gum bleeding occurred,
they were instructed only to rinse their mouths with the study
solutions (clove-based herbal mouthwash or clear water). All
patients received pretreatment dietary counseling which was
reinforced weekly. All patients also received pretreatment
dental evaluation. A supplemental feeding tube for adequate
nutrition was placed at the investigator’s discretion.

All patients received computed tomography (CT)-
planned, intensity-modulated RT using simultaneous
integrated boost technique. RT was carried out with a
TomoTherapy® (TomoTherapy Inc., Madison, WI, USA)
treatment system. The prescription dose was determined by
the physician and based on the aims of treatment (definitively
or postoperatively), tumor stage, and the patient’s general
condition. The total RT doses ranged from 57.2 to 70 Gy,
and the daily doses ranged from 2 to 2.35 Gy.

Radiation-induced oral mucositis was examined at daily
intervals from the start of RT until 8 weeks after its completion.
The grade of radiation-induced oral mucositis was scored by
one investigator (M Kong), on the upper and lower lips, right
and left cheeks, right and left ventral and lateral side of the
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tongue, floor of mouth, soft and hard palates, and oropharynx,
according to Radiation Therapy Oncology Group guidelines.
The investigator was blinded to patient group assignment. This
investigator was not involved in patient assignment or check-
ing patients’ compliance with the instructions for the gargling
procedure. Therefore, we could maintain blinding throughout
the study. The patients’ evaluation of pain within the RT
field was assessed with a 10 cm visual analog scale at daily
intervals, and body weight was also checked weekly from the
start of RT to 8 weeks after its completion. During treatment,
RT interruptions and total number of treatment days lost were
recorded. Any adverse events associated with clove-based
herbal mouthwash were assessed at daily intervals from the
start of RT until 4 weeks after its completion using Common
Terminology Criteria for Adverse Events, version 4.0.

The primary end point of this study was incidence of
radiation-induced oral mucositis. The secondary end points
were time to onset of radiation-induced oral mucositis,
duration of radiation-induced oral mucositis, incidence of
supplemental nutrition through feeding tube, maximum
pain score, body weight loss, incidence of RT interruption,
and duration of RT interruption. Baseline characteristics of
the two groups of patients were compared using the chi-
square test or independent #-test. To assess differences in
the incidence of radiation-induced oral mucositis, use of
supplemental feeding tube, and RT interruption between the
two groups, we compared actuarial rates estimated using the
Kaplan—Meier method, and comparison between the groups
was performed using the log-rank test. Elapsed time was
calculated from the date of initiation of RT to the date of
onset of events. Duration of radiation-induced oral mucositis
and RT interruption, maximum pain score, and body weight
loss were compared using the Mann—Whitney U-test. The
duration of radiation-induced oral mucositis was calculated
as the number of days from the onset of oral mucositis to
the day when resolved. Patients who did not experience oral
mucositis were assigned a duration of 0 days. Body weight
loss was defined as the reduction ratio of body weight dur-
ing treatment, and calculated as ([Body weight at the start of
RT — Body weight at the completion of RT]/Body weight at
the start of RT) X100 (%). All analyses were performed using
SPSS version 18.0 (IBM Corporation, Armonk, NY, USA),
and P<<0.05 was considered statistically significant.

Results

Patient characteristics are summarized in Table 1. There were
no significant differences in patient or tumor characteristics
between the two groups. One patient in the experimental

Table | Patient characteristics

Characteristics Experimental Control P-value
group group
(n=7) (n=7)

Age (years)
Median (range)
ECOG performance status

65.8 (31.8-76.9) 69.1 (40.4-75.2) 0.886

0/1 1/6 0/7 0.846
Sex

Male/female 7/0 6/1 0.257
Diabetes mellitus

Yes/no 2/5 1/6 0.987

Body mass index (kg/m?)

Median (range) 22.1 (20.4-26.1) 21.7 (18.2-28.2) 0.624
Smoking
Current smoker 3 4 0.472
Former smoker 4 2
Never smoker 0 |
Alcohol
Current drinker 3 4 0.267
Former drinker 3 2
Never drinker | |
Primary tumor site
Oral cavity 3 3 0.827
Oropharynx | 2
Parotid gland | |
Maxillary sinus | |
Unknown primary | 0
Tumor stage
11l 0 | 0.834
IVA 6 5
IVB | |
Total RT dose (Gy)
Median (range) 63 (57.2-70) 63 (60-69.3) 0.639
Daily RT dose (Gy)
Median (range) 2.1 (2-2.2) 2.1 (2-2.35) 0.462

Abbreviations: ECOG, Eastern Cooperative Oncology Group; RT, radiotherapy.

group experienced temporary RT interruption for 1 day
because of oral pain. Two patients in the control group
experienced RT interruption for 7 and 10 days, respectively,
because of poor oral intake and oral pain. All patients in both
groups completed scheduled RT regimen and complied well
with the instructions for the gargling procedure. Therefore, all
patients were included in the efficacy and safety analyses.
In the experimental group, two patients (28.6%) expe-
rienced grade 3 radiation-induced oral mucositis at 36 and
37 days, respectively, from the date of initiation of RT.
In comparison, four patients (57.1%) experienced grade 3
mucositis at 20, 22, 36, and 37 days, respectively, in the
control group. The experimental group had a lower incidence
of grade 3 radiation-induced oral mucositis than the control
group (28.6% vs 57.1%). However, this difference was not
statistically significant (P=0.184). All patients in both groups
experienced grade =2 radiation-induced oral mucositis.
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Table 2 Analysis of primary and secondary end points

End point Experimental group Control group P-value
Incidence of oral mucositis (%)

Grade 3 286 57.1 0.184

Grade =2 100 100 N/A
Time to onset of oral mucositis (days)

Grade 3 36,37 20, 22, 36, 37 N/A

Grade 2 (mean + SD) 26.616.51 24.5+8.09 0.524
Duration of oral mucositis (days)

Grade 3 (mean * SD) 5.1+8.80 17.7£15.91 0.069

Grade =2 (mean * SD) 24.3+8.00 37.1+13.99 0.044
Incidence of supplemental nutrition (%) 0 28.6 0.141
Pain score (mean * SD) 4.1+1.32 4.9+1.1 0.353
Body weight loss (%) (mean + SD) 3.1£2.42 7.4£2.98 0.023
Incidence of RT interruption (%) 14.3 28.6 0.470
Duration of RT interruption (days) (mean * SD) I 8.5+2.12 N/A

Abbreviations: N/A, not analyzed; RT, radiotherapy; SD, standard deviation.

The mean time to onset of grade 2 radiation-induced oral
mucositis was 26.6 days (range 20-37 days; standard
deviation [SD] £6.51) and 24.5 days (range 14-35 days;
SD £8.09) in the experimental and control groups, respec-
tively. Although the time to onset of grade 2 mucositis was
slightly delayed in the experimental group compared with
the control group, this difference was not statistically signifi-
cant (P=0.524). Because all patients experienced grade =2
mucositis, differences in incidence of grade =2 mucositis
between the two groups were not analyzed.

In the analysis of the duration of radiation-induced oral
mucositis, clove-based herbal mouthwash significantly
shortened the duration of grade =2 mucositis. The mean
duration of grade =2 mucositis was 24.3 days (range
12-35 days; SD £8.00) in the experimental group and
37.1 days (range 21-59 days; SD £13.99) in the control
group (P=0.044). The clove-based herbal mouthwash also
shortened the duration of grade 3 mucositis compared to
the duration with clear water. The mean duration of grade 3
mucositis was 5.1 days (range 0-19 days; SD +8.80) in
the experimental group and 17.7 days (range 045 days;
SD £15.91) in the control group. However, this difference
was not statistically significant (P=0.069).

The clove-based herbal mouthwash also reduced body
weight loss during treatment compared with clear water. The
mean reduction ratio of body weight during treatment was
3.1% (range 0%—7.3%; SD £2.42) in the experimental group
and 7.4% (range 3.5%—10.9%; SD +2.98) in the control group,
and this difference was statistically significant (P=0.023).

The incidence of supplemental nutrition, maximum pain
score, and incidence of RT interruption between the two
groups was also analyzed and the results are summarized in

Table 2. These end points were not significantly different
between the two groups. No patient experienced side effects
from gargling with clove-based herbal mouthwash.

Discussion

Several studies using different compounds have been per-
formed to identify agents that could minimize or prevent
radiation-induced oral mucositis.® 1?27 However, there
is no general agreement on the gold-standard approach
for minimization or prevention of radiation-induced oral
mucositis, and clinical practice seems to vary among
countries and institutions. Palifermin was approved by the
US Food and Drug Administration in 2004 for the treatment
of chemotherapy-induced oral mucositis in a transplant set-
ting for hematologic malignancies. However, its suitability
for the treatment of radiation-induced oral mucositis in head
and neck cancer remains to be evaluated.®* Moreover, there
are some concerns about the safety of its use, because of the
possibility of stimulation of tumor cells by growth factors.?
Herbal drugs can be an alternative to synthetic compounds.
Natural products with anti-inflammatory and/or wound
healing properties could serve as agents for the prevention
or minimization of radiation-induced oral mucositis, and
previous studies have shown that several natural products
possess beneficial effects suitable for amelioration of
radiation-induced oral mucositis.!>13303!

The clove-based herbal mouthwash in this study is com-
posed of natural products that have been reported to possess
anti-inflammatory properties. Even though the process of
radiation-induced oral mucositis is not yet fully understood,
DNA strand breaks by ionizing radiation, activation of tran-
scription factors (eg, NF-xB), and secondary tissue injury
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caused by production of proinflammatory cytokines such as
tumor necrosis factor-o. (TNF-o), interleukin (IL)-1, IL-6,
and IL-8 are known to be important steps in the process.’>
Eugenol, the active component of F. caryophylli, has been
shown to cause significant downregulation of IL-1 in several
preclinical studies,'>1%?° and M. officinalis has been reported
to inhibit production of TNF-a, NF-xB, IL-1, IL-6, and
IL-8.12224 In addition, licochalcone, the active component
of R. glycyrrhizae, has been reported to exert anti-inflam-
matory effects through downregulation of TNF-o, NF-xB,
IL-1, and IL-6.2"% Fructus schisandrae and H. menthae
also have demonstrated anti-inflammatory properties.!’-*
Moreover, a clinical case report found that chemotherapy-
induced oral mucositis was significantly improved after clove-
based herbal mouthwash gargling in two cancer patients.?®
Given this background, we evaluated the efficacy of clove-
based herbal mouthwash on radiation-induced oral mucositis
in this study. To the best of our knowledge, this is the first
study to evaluate the efficacy of clove-based herbal mouth-
wash on radiation-induced oral mucositis. According to our
study, the use of clove-based herbal mouthwash shortened the
duration of grade =2 mucositis (P=0.044) and reduced body
weight loss during RT (P=0.023) compared with the use of
clear water. Clove-based herbal mouthwash also reduced the
incidence of grade 3 mucositis, supplemental nutrition, and
RT interruption, and reduced the duration of grade 3 mucosi-
tis and RT interruption. In addition, the clove-based herbal
mouthwash delayed the time to onset of mucositis and reduced
the maximum pain score, but these differences were not sta-
tistically significant. Although, owing to small sample size,
we could not find significant differences in some end points,
we were able to identify a potentially beneficial role of clove-
based herbal mouthwash in the treatment of radiation-induced
oral mucositis in patients with head and neck cancer.

There were some limitations in this study. First, this is a
preliminary study with small sample size. Second, because
the patients were not blinded to their group assignment,
possible confounding factors might have been present.
Therefore, this study lacks sufficient power to make indis-
putable conclusions on the efficacy of clove-based herbal
mouthwash on radiation-induced oral mucositis and should
be validated by further studies. However, the investigator
who evaluated patients and their grade of mucositis was
blinded throughout this study. In addition, to eliminate
possible confounding factors, we excluded patients who
received induction chemotherapy or were scheduled to
receive concurrent chemotherapy from this study. Because
the pathobiology of oral mucositis induced by radiation is

different from that induced by chemotherapy,* it was better to
include only patients who received RT alone in this study for
clear assessment of the efficacy of this particular combination
of compounds on radiation-induced oral mucositis.

Conclusion

Although we could not find significant differences in some
end points, this single-blind randomized study showed that a
clove-based herbal mouthwash can have a potentially benefi-
cial effect on minimizing or preventing radiation-induced oral
mucositis in patients with head and neck cancer. To confirm
the results of our study, well-designed randomized studies
with large sample sizes will be required.
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