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Abstract. The aim of this phase II, multicentre, randomized controlled trial was to
evaluate the effectiveness of a comprehensive oral management protocol for the
prevention of severe oral mucositis in patients with oral cancer receiving
radiotherapy alone or chemoradiotherapy. In total, 124 patients with oral cancer
were enrolled from five institutions. Of these, 37 patients undergoing radiotherapy
were randomly divided into an intervention group (n = 18) and a control group
(n = 19). The remaining 87 patients, who were undergoing chemoradiotherapy,
were also randomized into an intervention group (n = 42) and a control group
(n = 45). During radiotherapy, patients in the control group received only oral care,
while those in the intervention group additionally received spacers to cover the
entire dentition, pilocarpine hydrochloride, and topical dexamethasone ointment for
oral mucositis. The primary endpoint was the incidence of severe oral mucositis.
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The intervention was significantly associated with a decreased incidence of severe
oral mucositis in patients receiving radiotherapy alone (P = 0.046), but not in those
receiving chemoradiotherapy (P = 0.815). These findings suggest that an oral
management protocol can prevent severe oral mucositis in patients with oral cancer
undergoing radiotherapy without concurrent chemotherapy.
Key words: oral cancer; oral mucositis; radio-
therapy.
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Radiotherapy for head and neck cancer
almost always induces oral mucositis.
The initial clinical signs of oral mucositis
include mucosal erythema and superficial
sloughing, which can occur with cumula-
tive radiation doses as low as 10 Gy. At a
cumulative radiation dose of 20–30 Gy,
the intact mucosa begins to break down,
followed by ulceration1. Oral mucositis is
accompanied by complications such as
oral discomfort, pain, poor nutrition, and
consequently poor quality of life2. How-
ever, if radiotherapy is discontinued, head
and neck cancer cannot be controlled.
Several interventions for the prevention

or amelioration of oral mucositis have
been studied3. Benzydamine, an anti-in-
flammatory agent, significantly reduces
erythema and ulceration when used as a
mouthwash; however, it has little effect in
patients receiving a radiotherapy dose of
�50 Gy along with chemotherapy. Pro-
phylactic low-level laser therapy amelio-
rates severe mucositis and pain in patients
with cancer and recipients of hematopoi-
etic stem cell transplantation4,5; it has also
been shown to prevent oral mucositis in
patients with head and neck cancer who
are receiving radiotherapy without con-
comitant chemotherapy6. However, the
effects of low-level laser therapy on tu-
mour behaviour and the tumour response
to treatment remain unclear7. A single-
blind randomized controlled clinical trial
showed that the incidence of intolerable
radiation-induced oral mucositis was low-
er in patients receiving topical honey than
in those receiving lignocaine8. There is
currently no consensus-based protocol for
the prophylaxis and treatment of chemor-
adiotherapy-induced oral mucositis in
patients with head and neck cancer9–12.
It has been shown that oral care alone

does not sufficiently lower the incidence
of severe oral mucositis in patients with
head and neck cancer who are receiving
chemoradiotherapy, whereas a systemat-
ic and comprehensive oral care protocol
may indirectly improve treatment com-
pliance by decreasing the infection
risk13. Although oral care is essential
for radiotherapy-induced oral mucositis,
it cannot prevent severe oral mucositis by
itself.
At Nagasaki University Hospital, an
original protocol is used to manage
patients undergoing radiotherapy for head
and neck cancer. The aim of this protocol
is to prevent osteoradionecrosis of the jaw
and facilitate the timely completion of
radiotherapy by preventing severe oral
mucositis. Therefore, any infected teeth
are extracted before the initiation of ra-
diotherapy. In addition, patients are made
to wear spacers during radiotherapy in
order to prevent scatter radiation. They
also take pilocarpine hydrochloride, use
a topical steroid (dexamethasone) oint-
ment for oral mucositis, and receive pro-
fessional oral care at least once a week. In
consideration of the fact that xerostomia
and rampant dental caries with subsequent
osteonecrosis may occur after radiothera-
py14, topical fluoride treatment and routine
check-ups in dental offices are recom-
mended after the resolution of oral muco-
sitis. In a pilot study, it was found that the
use of spacers, pilocarpine hydrochloride,
and topical steroid therapy in addition to
professional oral care prevented severe
radiation-induced oral mucositis in
patients with oral or oropharyngeal can-
cer15. Accordingly, this multicentre ran-
domized controlled trial was conducted to
evaluate the effectiveness of this oral man-
agement protocol for the prevention of
severe oral mucositis in patients with oral
cancer receiving radiotherapy with or
without chemotherapy.

Materials and methods

This open-label, phase II, randomized
controlled trial was conducted in the oral
surgery departments of five university
hospitals: Nagasaki University, Shinshu
University, Tokai University, Osaka Uni-
versity, and Toho University Omori Med-
ical Centre. The study group comprised
patients with oral carcinoma scheduled to
undergo radiation therapy with or without
chemotherapy between September 2013
and December 2016. Patients were ex-
cluded if they had previously received
radiotherapy to the head and neck region.
The institutional review boards at each
participating hospital approved the study
protocol and amendments. The study com-
plied with the Declaration of Helsinki and
was conducted in accordance with good
clinical practice guidelines. All patients
included in the trial provided written in-
formed consent.
The sample size was calculated on the

basis of a previous report and the pilot
study. It was assumed that the incidence of
grade 3 or higher oral mucositis in the
control group would be 40%, and that
intervention could reduce this value to
20%. A moderate sample size was deter-
mined for the screening trial of the exper-
imental treatment against a control
group16. Power and Sample Size Calcula-
tion software (http://biostat.mc.vanderbilt.
edu/wiki/Main/PowerSampleSize; De-
partment of Biostatistics, Vanderbilt Uni-
versity, Nashville, TN, USA), a two-tailed
significance level of a = 0.2, and a power
of 0.8 were used to determine that at least
46 patients were needed in each group.
Allowing for dropout, the recruitment tar-
get was a total of 120 patients.
At the commencement of the study, it

was verified that none of the participants
had oral mucositis. The patients were ran-
domly allocated in a 1:1 ratio to a control
group or an intervention group using a
stratified randomization method adjusted
for the treating institution and the use of
radiotherapy alone or in combination with
chemotherapy (block size = 2). One of the
researchers supervised the randomization
procedure.
Patients in the control group received

professional oral care from a dental hy-
gienist or dentist at least once a week until
the end of radiotherapy. Oral care in-
volved the removal of dental plaque using
mechanical tooth cleaning methods and
the gentle removal of mucosal debris with
a water-drenched sponge to keep the oral
cavity as clean as possible. Moreover,
patients were advised to gargle with azu-
lene and use a commercial saliva substi-
tute four times a day, after meals and
before bedtime.
Patients in the intervention group re-

ceived spacers, pilocarpine hydrochloride,
and a 0.1% dexamethasone ointment for
oral mucositis in addition to the oral care
received by the control group patients. The
dexamethasone ointment was softened

http://biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize
http://biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize


Prevention of severe oral mucositis 859
with olive oil and applied over areas with
redness or pseudomembrane formation
four times a day, after meals and before
bedtime. The spacers measured 3–5 mm in
thickness and were used to prevent scatter
radiation caused by metallic restorations
and enamel surfaces in contact with the
oral mucosa. Pilocarpine hydrochloride
was administered at a dose of 5 mg three
times daily from the first day of radiother-
apy; it was continued at least until the end
of radiotherapy. If side effects such as
sweating or nausea occurred, patients
were administered a dose of 2.5 mg four
times daily. This low-dose treatment with
pilocarpine hydrochloride has been
shown to significantly decrease the sen-
sation of oral dryness, with the amount of
secreted saliva remaining unchanged17.
Regardless of whether patients were allo-
cated to the intervention group, those who
were edentulous did not receive spacers.
Furthermore, pilocarpine hydrochloride
was not administered to patients with
obstructive pulmonary disease, severe is-
chemic heart disease, stricture of the
gastrointestinal tract or the bladder neck,
Parkinson’s disease, or iritis, as these
conditions are considered contraindica-
tions to its use’’. All randomized patients
Fig. 1. Flow diagram showing the enrolment o
were included in the intention-to-treat
(ITT) analysis.
The primary outcome was the incidence

of severe oral mucositis classified as grade
3 or higher according to the National
Cancer Institute Common Terminology
Criteria for Adverse Events version 4.0
(NCI-CTCAE v4.0)18. Oral mucositis was
scored as follows: grade 1, asymptomatic
or mild symptoms, intervention not indi-
cated; grade 2, moderate pain not interfer-
ing with oral intake or a modified diet;
grade 3, severe pain interfering with oral
intake; grade 4, life-threatening conse-
quences, urgent intervention indicated;
and grade 5, death. The researchers at
each of the five hospitals received lectures
on these criteria prior to study initiation,
and they assigned the grades on the basis
of the visual features of oral mucositis,
pain intensity, type of nutrition, and anal-
gesic agent used. The highest grade ob-
served during radiotherapy was recorded
for each patient. All researchers evaluat-
ing the severity of oral mucositis were
aware of the patient group.
The incidence of oral mucositis and

various clinical factors were investigated
prospectively. The following variables
were examined: demographic factors in-
f patients with oral cancer who received radioth
cluding age, sex, and the presence of
diabetes mellitus; tumour stage; radiother-
apy technique and dose; neutrophil counts
and albumin level; oral intake status; use
of opioids; oral dryness before radiothera-
py. Oral moisture levels were measured
using an oral moisture-checking device
(Mucus; Life Corporation, Saitama,
Japan) at the lingual or buccal mucosa19.
The oral wetness value was the median of
three measurements obtained from the
same site at the start of radiotherapy.
All statistical analyses were con-

ducted using IBM SPSS software (ver-
sion 22; IBM Japan, Tokyo, Japan).
Quantitative variables are expressed as
numbers or the mean and standard devi-
ation, while qualitative variables are
expressed as numbers and percentages.
The incidence of grade 3 or higher oral
mucositis was compared between sub-
groups using the x2 test or Fisher’s exact
test. A P-value of <0.05 was considered
statistically significant. Furthermore,
univariate and multivariate logistic re-
gression analyses based on forward step-
wise inclusion were performed.
This trial has been registered with the

UMIN Clinical Trials Registry (UMIN
000011254).
erapy alone or chemoradiotherapy.
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Table 2. Chemotherapy regimens used along with radiotherapy for patients with oral cancer.

Regimen Number

CDDP (CBDCA) 43
CDDP + S-1 2
CDDP intra-arterial injection 1
CBDCA intra-arterial injection + CET 1
CDDP intra-arterial injection ! DTX 1
CET 21
CET + CBDCA + PTX 1
CET ! CDDP 1
CET ! S-1 1
S-1 14
S-1 + CDDP + CET 1
Total 87

CDDP, cisplatin; CBDCA, carboplatin; CET, cetuximab; DTX, docetaxel; PTX, paclitaxel; S-1,
tegafur–gimeracil–oteracil potassium.
Results

Figure 1 presents a flow diagram showing
the patient enrolment procedure. In total,
124 patients were enrolled between Sep-
tember 2013 and December 2016. One
patient received chemoradiotherapy twice
during the recruitment period, and data for
the second radiotherapy regimen were
excluded. The final study group comprised
124 patients, including 37 undergoing ra-
diotherapy alone (18 in the intervention
group and 19 in the control group) and 87
receiving radiotherapy with concomitant
chemotherapy (42 in the intervention
group and 45 in the control group).
The patients’ characteristics at baseline

did not differ significantly between the
two groups (Table 1). Numerous chemo-
therapeutic regimens were used with ra-
diotherapy in addition to the standard
cisplatin or cetuximab regimen (Table
2). In both the radiotherapy alone and
chemoradiotherapy groups, the median
radiotherapy dose was 63 Gy (interquar-
tile range, 60–66 Gy).
Table 1. Baseline characteristi
chemoradiotherapy.

SD, standard deviation. Control
group: patients who received sp
care during radiotherapy.
aFisher’s exact test.
bStudent t-test.
cx2 test.
The effects of treatment exposure were
assessed for each group. Grade 3 oral
mucositis occurred in 35 of the 124
patients (28%); no grade 4 or grade 5 oral
mucositis was observed. In the interven-
tion group, grade 3 oral mucositis oc-
curred in 15 patients receiving
chemoradiotherapy and none of the
patients receiving radiotherapy alone (Ta-
cs of patients with oral cancer receiving radio

 group: patients who received only oral care duri
acers, took pilocarpine, and used a topical steroid
ble 3). Thus, the oral management proto-
col prevented severe oral mucositis in
patients receiving only radiotherapy
(P = 0.046), but not in those receiving
chemoradiotherapy (P = 0.815. The oc-
currence of severe oral mucositis was
significantly associated with the use of
opioids in patients undergoing radiothera-
py (P = 0.012), as well as those undergo-
therapy alone or concurrent

ng radiotherapy. Intervention
 in addition to receiving oral
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Table 3. Events observed during radiotherapy or chemoradiotherapy for oral cancer.

SD, standard deviation. Control group: patients who received only oral care during radiotherapy. Intervention
group: patients who received spacers, took pilocarpine, and used a topical steroid in addition to receiving oral
care during radiotherapy.
aFisher’s exact test.
bx2 test.
cStudent t-test.
ing chemoradiotherapy (P < 0.001) (data
not shown).
In the intervention group, the adminis-

tration of pilocarpine hydrochloride did
not differ between the radiotherapy alone
group and the chemoradiotherapy group.
Sixty-seven percent of patients were ad-
ministered the standard dose and 5% of
patients were not administered pilocarpine
hydrochloride because of contraindicated
diseases. Low-dose pilocarpine hydro-
chloride was administered to 28% of
patients because of side effects, such as
sweating or nausea (Table 4).
Univariate analysis showed that che-
motherapy and the minimum serum
albumin level during radiotherapy were
significantly associated with the inci-
dence of grade 3 oral mucositis (Table
5). Multivariate logistic models also
showed that chemotherapy (odds ratio
(OR) 5.87, 95% confidence
interval (CI) 1.22–28.21) and the min-
imum serum albumin level during ra-
diotherapy (OR 0.14, 95% CI
0.04–0.57) were significantly associat-
ed with the incidence of grade 3 oral
mucositis.
Discussion

In this open-label, phase II trial, it was
found that the use of spacers, pilocarpine
hydrochloride, and topical dexamethasone
ointment for oral mucositis in addition to
oral care during radiotherapy significantly
lowered the incidence of grade 3 oral
mucositis in patients with head and neck
cancer receiving radiotherapy alone, but
not in those receiving chemoradiotherapy.
The lack of effectiveness in patients re-
ceiving chemoradiotherapy could be at-
tributed to the numerous chemotherapy
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regimens employed during radiotherapy
(Table 2) and their decreased effective-
ness. In the intervention group, the admin-
istration of pilocarpine hydrochloride did
not differ between the radiotherapy alone
group and the chemoradiotherapy group
(Table 4), and patients received spacers,
except for edentulous patients. Therefore,
topical dexamethasone ointment is consid-
ered to have very weak effects in patients
with severe chemoradiotherapy-induced
oral mucositis.
The incidence of oral mucositis varies

significantly with the use of different treat-
Table 4. Administration of pilocarpine hydroch

ax2 test.

Table 5. Risk factors for radioth
logistic regression analysis base

CI, confidence interval; OR, odd
care during radiotherapy. Interve
steroid in addition to receiving 

ax2 test.
bFisher’s exact test.
cStudent t-test.
ment regimens20. While taxane- and plat-
inum-based regimens are associated with
similar incidences of grade 3 mucositis,
radiotherapy for the head and neck is
associated with an increased incidence
of grade 3–4 oral mucositis, which often
occurs in >50% of patients. The adminis-
tration of a 5-fluorouracil-based regimen
with radiotherapy may increase the risk of
grade 3–4 oral mucositis to >30%. The
Bonner trial showed that the addition of
cetuximab to radiotherapy does not exac-
erbate oral mucositis associated with head
and neck irradiation21. However, another
loride in the intervention group.

erapy-induced severe oral mucositis determined b
d on forward stepwise inclusion.

s ratio; SD, standard deviation. Control group: pa
ntion group: patients who received spacers, took p
oral care during radiotherapy.
study showed that the incidence of grade 3
or higher oral mucositis was significantly
greater with cetuximab and radiotherapy
than with cisplatin and radiotherapy for
patients with locally advanced head and
neck squamous cell carcinoma
(P = 0.014)22.
Rugo et al. reported the effects of topi-

cal steroid therapy on oral mucositis23.
They showed that the prophylactic use
of oral dexamethasone solution substan-
tially lowered the incidence and severity
of stomatitis in patients receiving ever-
olimus and exemestane and could lead
to a new standard of oral care. Moreover,
topical steroid therapy is used to treat oral
chronic graft-versus-host disease
(cGVHD) and lichen planus24. Noce
et al. reported that clobetasol was signifi-
cantly more effective than dexamethasone
in ameliorating the symptoms and clinical
signs of oral lesions in patients with
cGVHD25. Topical steroid therapy stron-
ger than dexamethasone may be needed to
y univariate and multivariate

tients who received only oral
ilocarpine, and used a topical
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prevent severe chemoradiotherapy-in-
duced oral mucositis.
Topical steroid therapy is frequently

used to treat radiation-induced oral muco-
sitis, although it is thought to be associated
with oral candidiasis. In the present study,
the use of topical steroid therapy was not
significantly associated with the occur-
rence of oral candidiasis (Table 3). Thus,
topical steroid therapy for oral mucositis
may not be associated with the occurrence
of oral candidiasis, which is probably
dependent on the oral condition or immu-
nocompetence of the host.
Radiotherapy-emergent adverse events

include dry mouth and oral mucositis. The
National Comprehensive Cancer Network
Clinical Practice Guidelines in Oncology
(NCCN Guidelines) Head and Neck Can-
cers26 provide principles for dental man-
agement that are necessary for the timely
completion of radiotherapy. The NCCN
recommends the use of silicone guards to
minimize radiation backscatter in patients
with metal restorations and the use of
cholinergic agonists (pilocarpine, cevime-
line) for salivary stimulation. In the pres-
ent study, all dentate patients in the
intervention group received silicone
spacers, took pilocarpine, and used topical
dexamethasone in addition to receiving
oral care. The results showed that a com-
bination of adequate oral moisturization,
maximum oral cleanliness and hygiene,
and topical dexamethasone therapy pre-
vented severe oral mucositis caused by
radiotherapy alone, but not that caused
by chemoradiotherapy. This suggests that
therapy with strong or very strong topical
steroids may prevent severe oral mucositis
caused by chemoradiotherapy.
In addition to oral management, the

serum albumin level has been suggested
as an important factor in the prevention of
severe oral mucositis. An increased fre-
quency of mucositis grade 3 associated
with a greater reduction in serum albumin
has been reported in patients receiving
chemoradiotherapy for head and neck can-
cer27. In another study, Elental was a
significant factor associated with the de-
gree of oral mucositis in patients with oral
squamous cell carcinoma receiving radio-
therapy alone. However, there was no
significant difference between the Elental
group and the control group in terms of the
mean change in serum albumin levels
before and after radiation28.
The present study has some limitations.

First, it was an open-label, multicentre
trial. Dentists from each centre managed
patients and assigned the oral mucositis
grades. Nevertheless, to minimize varia-
tions among dentists, a meeting was held
concerning the oral mucositis grading pro-
cedure based on NCI-CTCAE v4.0 before
study initiation. Second, the number of
patients with the same regimen was small
as a result of the use of numerous regi-
mens. Even though the study period was
prolonged, the sample size may not have
been sufficient, one reason being the use of
new regimens for the treatment of head
and neck cancer.
This study also has strengths. First, it

was a randomized clinical trial analyzing
the grade of oral mucositis in patients
undergoing radiotherapy alone and those
undergoing chemoradiotherapy. Potential
bias was minimized by the randomized
controlled trial design and the analysis
of multiple datasets for oral mucositis.
In conclusion, the findings of this study

suggest that a comprehensive oral man-
agement protocol involving the use of
spacers, pilocarpine, and a topical steroid
ointment in addition to oral care can pre-
vent severe oral mucositis in patients with
oral cancer undergoing radiotherapy
alone, but not in those undergoing concur-
rent chemoradiotherapy. Therapy with
strong or very strong topical steroids
and nutritional control might prevent se-
vere oral mucositis caused by chemora-
diotherapy.
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