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KEYWORDS Abstract Background/purpose: Radiotherapy for head and neck cancer often causes severe
Oral mucositis; oral mucositis. The purpose of this retrospective study was to further examine the risk factors
Radiotherapy; for developing severe oral mucositis in patients with oral cancer undergoing radiotherapy as a
Oral cancer; compliment to a previous study performed by our group.

Pilocarpine; Materials and methods: A total of 181 patients with oral cancer undergoing radiotherapy were
Risk factors enrolled in the study. The association between a number of potential risk factors and grade 3 oral

mucositis were analyzed using the cox proportional hazard model and a logistic regression analysis.
Results: Grade 3 oral mucositis occurred in 56 patients. The cox proportional hazard model anal-
ysis revealed that those with lower hemoglobin levels, concurrent cisplatin and cetuximab admin-
istration, and a larger number of teeth showed a significantly higher incidence of severe oral
mucositis. Logistic regression analysis revealed that patients who had lower hemoglobin levels,
received concurrent cisplatin or cetuximab treatment, and were not administered pilocarpine
showed a significantly higher incidence of severe oral mucositis. The presence of teeth may stim-
ulate the oral mucosa and become arisk factor for mucositis, and the administration of pilocarpine
might reduce the risk.

Conclusion: This study describes the risk factors of severe radiation-induced oral mucositis in oral
cancer patients and shows the possibility of risk reduction by pilocarpine. This information could
help patients avoid painful mucositis.
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Introduction

Radiotherapy (RT) is often used in the treatment of oral
cancer. It can either be used alone, in combination with
anticancer drugs (CRT), or in combination with molecular
targeted drugs (BRT)." RT causes a number of adverse ef-
fects including oral mucositis, xerostomia, taste distur-
bances, oral candidiasis, radiation-related dental caries,
and osteoradionecrosis of the jaw. Oral mucositis in
particular generates difficulties in eating due to the severe
pain it causes, which decreases the patients’ quality of life
(QOL) and sometimes hinders the continuation of RT.
Furthermore, oral mucositis may influence patient prog-
nosis. Despite these issues, preventive strategies and
therapeutic measures have not been established.” *

We recently conducted a multicenter retrospective
study to determine risk factors for oral mucositis and oral
candidiasis in oral and oropharyngeal cancer patients un-
dergoing RT, CRT, or BRT.> Male oropharyngeal cancer pa-
tients with low hemoglobin, low leukocyte and lymphocyte
counts, concurrent use of cisplatin and cetuximab, and
peroral feeding developed grade 3 severe oral mucositis
more frequently and more rapidly than patients did not
have these risk factors. Conversely, other variables related
to oral status, such as number of teeth, number of metal
teeth, use of a spacer, and the administration of pilocar-
pine, were not correlated with the incidence of severe
mucositis during RT. Therefore, this is a sub-analysis of the
previous study.’> The primary site was limited to the oral
cavity, and factors related to the development of severe
oral mucositis during RT were examined.

Materials and methods
Patients

A total of 181 patients with squamous cell carcinoma of the
oral cavity who underwent RT, CRT, or BRT at Nagasaki
University Hospital, Kobe University Hospital, or Kansai
Medical University Hospital were enrolled in the study. All
patients underwent dental evaluation and panoramic
radiograph examination prior to the start of RT. Teeth with
severe periodontal disease, periapical lesion, carious
stump, or root fracture were extracted at least 1 week
prior to the start of RT. In addition, all patients received
standard oral care by dentists and dental hygienists, which
consisted of oral health instruction, removal of dental
calculus (scaling), professional mechanical tooth cleaning
(PMTC), removal of tongue coating with a toothbrush, and
cleaning denture during RT. Furthermore, use of spacer to
minimize radiation backscatter when patients had metal
restorations, administration of pilocarpine to treat dry
mouth, use of mouthwash containing local anesthetic, and
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administration of topical steroid ointment was done at the
discretion of the dentist.

Evaluated data

The following data were investigated from the medical
records and the panoramic radiographs: Sex, body mass
index (BMI), presence of diabetes, levels of serum albumin
and creatinine, hemoglobin, total leukocyte and lympho-
cyte counts, concurrent therapy (RT alone, CRT or BRT),
type of RT (three-dimensional conformal radiation therapy
[3D-CRT] or intensity modulated radiation therapy [IMRT]),
total radiation dose, feeding route (oral feeding or tube
feeding through gastric fistula), use of spacers, adminis-
tration of pilocarpine hydrochloride (Salagen®, Kissei
Pharmaceutical, Co., Ltd, Nagano, Japan), corticosteroid
ointment (Dexaltin Oral Ointment®, Nihon Kayaku, Co.,
Ltd, Tokyo, Japan), the number of teeth, the number of
metal restored teeth, alveolar bone loss (<1/2 or >1/2),
and incidence of oral mucositis were noted. Oral stomatitis
was categorized based on criteria from the Common Ter-
minology Criteria for Adverse Events (CTCAE) version 5.0.
According to these criteria, grade 3 oral stomatitis is
defined as the inability to feed orally, or the presence of
severe pain due to severe stomatitis.® In this study, pain
necessitating systemic administration of opioids was
considered to be severe. The outcome of the study was the
development of grade 3 oral mucositis, as this condition
significantly reduces the patients’ quality of life. Oral
mucositis was observed for up to 90 days from the initiation
of RT. Pilocarpine hydrochloride was administrated from
the start to the end of RT.

Statistical analysis

All statistical analyses were performed using SPSS software
(version 24.0; Japan IBM Co., Tokyo, Japan). The correla-
tion between each variable and grade 3 oral mucositis was
analyzed by the cox proportional hazard model and logistic
regression analysis. The relationships between some of
these factors and the occurrence of grade 3 oral mucositis
were illustrated using the Kaplan—Meier method, and uni-
variate analysis was performed using a log rank test. In all
analyses, two-tailed p values < 0.05 were considered sta-
tistically significant.

Ethics

The study protocol conformed to the ethical guidelines of
the Declaration of Helsinki and the Ethical Guidelines for
Medical and Health Research involving Human Subjects by
the Ministry of Education, Culture, Sports, Science and
Technology, and the Ministry of Health, Labor and Welfare
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of Japan. Ethical approval was obtained from the Institu-
tional Review Boards (IRB) of Nagasaki University Hospital
(No. 18091008), Kobe University Hospital (No. 180250), and
Kansai University Hospital (No. 2018164). Japanese law
does not require individual informed consent from partici-
pants in non-invasive observational trials such as the pre-
sent study. Therefore, the need for informed consent was
waived. As this was a retrospective study, patient identifi-
able information was removed and the research plan was
published on the homepages of the participating hospitals
websites, along with an opt-out option in accordance with
IRB instructions.

Results

Table 1 contains summary statistics for the study cohort.
This cohort was comprised of 181 total patients (121 males
and 60 females), with a median age of 65.3 years. With
respect to therapeutic treatments, 66 patients received RT
alone, 99 patients received CRT, and 16 patients received

Table 1 Summary statistics of the patients.
Factor Number of patients
or average value
Age 65.3 years
Sex Male 121
Female 60
Body mass 20.3
index (BMI)
Diabetes (-) 152
(+) 29
Hemoglobin 11.2 mg/dL
Leukocyte 3105/pL
Lymphocyte 449 /L
Albumin 3.59¢g/dL
Creatinine 0.848 mg/dL
Concurrent therapy RT alone 66
RT + cisplatin 99
RT + cetuximab 16
Radiation method 3D-CRT 161
IMRT 20
Total dose 63.7 Gy
Use of spacer (-) 138
(+) 43
Pilocarpine (-) 146
hydrochloride (+) 35
Corticosteroid (-) 111
ointment (+) 70
Number of teeth 15.6
Number of 5.56
metal teeth
Alveolar bone loss <1/2 153
>1/2 28
Oral mucositis Grade 02 125
Grade 3 56
Total 181

RT: radiotherapy, 3D-CRT: three-dimensional conformal radia-
tion therapy, IMRT: intensity modulated radiation therapy.

BRT. A total of 161 patients underwent 3D-CRT and 20 pa-
tients underwent IMRT. Radiation therapy was performed
with a standard fractionation of 2 Gy/day. The mean dose
of RT was 63.7 Gy, within the range of 60—70 Gy. Pilocar-
pine was orally administered to 35 patients at 15 mg daily,
with an average of 33.1 days (3—54 days).

Grade 3 severe oral mucositis occurred in 56 (30.9%)
patients. When analyzed using the cox proportional hazard
model analysis, lower hemoglobin levels (p = 0.012),
receiving concurrent cisplatin or cetuximab treatment
(p = 0.010), and a larger number of teeth (p = 0.042) were
each associated with a significantly higher incidence of
severe oral mucositis (Table 2). Logistic regression analysis
revealed that lower hemoglobin levels (p =0.013),
receiving concurrent cisplatin or cetuximab treatment
(p = 0.006), and not receiving pilocarpine (p = 0.047) each
correlated with a significantly higher incidence of severe
oral mucositis (Table 2). A Kaplan—Meier curve showed that
the administration of pilocarpine reduced grade 3 mucosi-
tis, although this effect was not significant (p = 0.063)

(Fig. 1).

Discussion

RT is part of a standard treatment regime for head and neck
cancer. It is performed as either an initial treatment or as a
postoperative therapy, with or without cisplatin or cetux-
imab."” RT causes a number of adverse events, including
oral mucositis, xerostomia, taste disturbance, trismus,
dental caries, and osteoradionecrosis of the jaw; unfortu-
nately effective prophylaxis treatments have not been
determined.”™*

Kawashita et al.® advocated for the use of a prophylactic
bundle for radiation-induced adverse events in patients
with head and neck cancers. This consisted of 1) extraction
of infected teeth prior to the initiation of RT, 2) use of
spacers to minimize radiation backscatter, 3) oral care, 4)
administration of pilocarpine hydrochloride, 5) topical
administration of corticosteroid ointments after the
occurrence of mucositis, 6) care of affected skin, and 7)
topical application of fluoride. Furthermore, a multicenter,
randomized clinical trial was conducted to investigate the
impact of topical steroid administration, spacers, and
pilocarpine hydrochloride on the prevention of severe oral
mucositis in oral cancer patients. The conclusion was that
these treatments were effective in those undergoing RT
alone, although the efficacy was not demonstrated in those
undergoing CRT, because the chemotherapy regimens
varied.’

Recently, we carried out a multicenter, retrospective
analysis of 361 patients with oral or oropharyngeal cancer
undergoing RT, CRT, or BRT. We reported that males,
presence of oropharyngeal cancer, low hemoglobin levels,
low leukocyte or lymphocyte counts, concurrent cisplatin
or cetuximab treatment, and oral feeding were found to be
significantly associated with a higher incidence of grade 3
oral mucositis.” In that study, there was no relationship
between the development of grade 3 oral mucositis and the
administration of pilocarpine or the number of teeth pre-
sent.” In the present study, we focused on patients with
oral cancer and performed a sub-analysis of the previous
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Table 2 Relationship between each variable and the development of grade 3 oral mucositis.
Factor Cox proportional hazard model Logistic regression
p-value HR 95% ClI p-value OR 95% Cl

Age 0.333 0.136

Sex Male vs. female 0.164 0.093

Body mass index (BMI) 0.377 0.106

Diabetes (=) vs. (+) 0.193 0.246

Hemoglobin *0.012 0.833  0.723—0.961 *0.013  0.755 0.606—0.942

Leukocyte 0.634 0.670

Lymphocyte 0.408 0.519

Albumin 0.425 0.105

Creatinine 0.334 0.255

Concurrent therapy RT alone vs. RT + cisplatin  *0.010 1.802 1.152—2.819 *0.006  2.237 1.266—3.954
vs. RT + cetuximab

Radiation method 3D-CRT vs. IMRT 0.945 0.572

Total dose 0.449 0.432

Use of spacer (=) vs. (+) 0.963 0.309

Pilocarpine hydrochloride (—) vs. (+) 0.115 *0.047 0.369 0.138—0.986

Corticosteroid ointment (=) vs. (+) 0.875 0.560

Number of teeth *0.042 1.03 1.001—1.060  0.097

Number of metal teeth 0.957 0.271

Alveolar bone loss <1/2 vs. >1/2 0.809 0.597

RT: radiotherapy, 3D-CRT: three-dimensional conformal radiation therapy, IMRT: intensity modulated radiation therapy, HR: hazard

ratio, Cl: confidence interval.
*p < 0.05.

study. Low hemoglobin levels and concurrent use of
cisplatin or cetuximab were risk factors for severe oral
mucositis, similar to the results above in oral or oropha-
ryngeal cancer patients.” Interestingly, the current study
showed that the administration of pilocarpine and the
number of teeth might also influence the development and
the time of development of grade 3 oral mucositis.

%)

100 -
=0.063
80 -
60
40 A pilocaripine (-)
+
20 - .
pilocaripine (+)
0 -
0 20 40 60 80 days
Figure 1 Development of grade 3 oral mucositis in patients

with and without pilocarpine administration.

Pilocarpine is a cholinergic drug that mimics the effects
of the chemical acetylcholine, which is produced by nerve
cells. Pilocarpine stimulates the secretion of large amounts
of saliva and sweat. It is used to treat dry mouth, also
known as xerostomia, in Sjogren’s syndrome. Xerostomia
can also occur as a side effect of RT within head and neck
cancer. The National Comprehensive Cancer network
(NCCN) guidelines for head and neck cancer also recom-
mended the use of pilocarpine to reduce xerostomia during
RT." Scarantino et al. examined the efficacy of pilocarpine
on xerostomia and mucositis during RT in 245 head and neck
cancer patients in a randomized clinical trial.'® They
concluded that the average unstimulated salivary flow was
statistically greater in the pilocarpine group than in the
placebo group, whereas the frequency of the development
of grade 2—3 mucositis did not differ between the two
groups. However, their study included only 63 patients with
oral cancer, and differed from this study in that the
outcome was mucositis at a grade of 2 or more, rather than
just grade 3 mucositis. In our previous observational study
of 326 patients with oral and oropharyngeal cancer, there
was no significant difference in the incidence of grade 3
oral mucositis between patients who received pilocarpine
and those who did not,> as in their study.’® On the other
hand, when focusing on patients with oral cancer as
described in this study, the incidence rate of grade 3 oral
mucositis was significantly higher in patients who had more
teeth and significantly lower in those receiving pilocarpine.
The reason for the observed difference between oral can-
cer and pharyngeal cancer is not clear. This sub-analysis of
181 patients with oral cancer revealed significantly less
developed mucositis with the administration of pilocarpine.
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Figure 2 Grade 3 oral mucositis during radiotherapy. A: Patients with oral cancer. Mucositis occurred in the buccal mucosa
stimulated by teeth. B: Patients with oropharyngeal cancer. Mucositis occurred mainly within the soft palate and buccal mucosa,
areas in which teeth could not play a causal role in the development of mucositis.

Furthermore, this study showed that the incidence of oral
mucositis increased as the number of remaining teeth
increased. We think these findings suggest that the site of
mucositis was mostly localized to the tongue and buccal
mucosa, where the mechanical stimulation of the teeth
would be an aggravating factor. With this reasoning, the
presence of teeth could increase the risk, while an increase
in saliva may be a risk-mitigating factor (Fig. 2). Teeth are
also a prime location for the growth of bacteria, especially
when oral hygiene is poor. Bacteria can aggravate the site,
inducing local inflammation and leading to the generation
of pathological lesions on the mucosa. On the other hand,
in those with oropharyngeal cancer, mucositis is often
located in areas unrelated to tooth stimulation such as the
soft palate, and so the number of teeth and the adminis-
tration of pilocarpine did not correlate with the incidence
of oral mucositis during RT in patients with this type of
cancer.

It is interesting that lower levels of hemoglobin and the
lack of pilocarpine use (i.e., low unstimulated salivary flow)
were associated with the incidence of grade 3 oral muco-
sitis. Pels'® reported that low levels of salivary IgA in chil-
dren with leukemia might result in the development and
potentiation of oral lesions typical of mucositis during anti-
tumor treatment. Furthermore, a significant decrease in
salivary 1gG and IgM concentrations during chemotherapy
might also cause the potentiation of pathological lesions
here as well. Bachmeier et al."" demonstrated that there
are increased levels of superoxide dismutase in the saliva of
patients who developed mucositis and this could be a
cellular defense mechanism of the oral mucosa. Thus, saliva
not only protects the mucous membrane from mechanical
stimulation of the teeth, but also some factors present in
the saliva may protect the mucosa from radiation damage.

The present study has some limitations. First, it is a
retrospective investigation with a small number of patients,
and so generalization of the results may require a larger
sample size. Second, there was no information on the saliva
volume between patients administrated pilocarpine and
those that were not. Although the study did not measure
saliva volume, Scarantino et al. have shown that pilocarpine
significantly increased unstimulated salivary flow in a ran-
domized clinical trial.’ And third, the state of the teeth
(contact with mucositis, presence of periodontal disease,

caries and restorations) and the level of oral hygiene could
not be investigated because of the retrospective nature of
the study. Although these detailed dental findings were not
investigated, the number of metal crowns and alveolar bone
resorption of more than 1/2 were included in the indepen-
dent variables, so it is thought that the state of the teeth
and the periodontal tissues were examined to some extent.

To the best of our knowledge, we may be the first to
report this potential relationship between pilocarpine and
oral mucositis. In the future, intervention studies with more
cases are needed in order to clarify these findings. Our
findings indicate a possible relationship between teeth and
mucositis, as well as the potentially preventive effect of
pilocarpine on the development of mucositis in patients
with oral cancer undergoing RT.
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