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Results: The incidence of grade 3 mucositis was 14.5% (22/144); univariate analysis showed that the
number of extracted teeth (OR = 1.313; 95%Cl = 1.012—1.702; P = 0.040) and patients with pri-
mary oral cancer had a higher risk of developing grade 3 mucositis (OR = 3.848; 95% Cl = 1.508
—9.822; P = 0.005). Nostatistical correlation was found between pre-radiation therapy prophylaxis,
dental restoration, endodontic treatment, and grade 3 mucositis (P > 0.05). Logistic regression anal-
ysis showed that the number of extracted teeth (OR = 1.421, 95%Cl = 1.071—1.885, P = 0.015) and
primary tumor location in the oral cavity (compared with other head and neck cancers) (OR = 5.165,
95%Cl = 1.636—16.311, P = 0.005) were significantly associated with grade 3 mucositis.
Conclusion: In HNC patients undergoing radiotherapy, the primary site located in the oral cavity and
a higher number of teeth extracted are independent risk factors for the development of severe mu-
cositis.

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Radiation therapy constitutes a pivotal aspect of the
multidisciplinary treatment strategy for head and neck
cancer (HNC) patients. Despite eradicating malignant tis-
sues, radiotherapy invariably impacts the integrity of sur-
rounding healthy tissues in the same time. This includes
deleterious effects on salivary glands, the development of
radiation-induced oral mucositis (ROM).' Profound in-
stances of ROM can severely impair a patient’s ability to eat
orally, undermining their nutritional status. Some patients
may even have to suspend or discontinue radiotherapy due
to an inability to tolerate ROM.** Investigations into the
exacerbating factors of severe ROM have pinpointed a
myriad of contributing elements: poor oral hygiene, to-
bacco use, concurrent chemotherapy, low hemoglobin
levels, advanced nodal staging, elevated body mass index
(BMI) > 24 kg/m? and a heightened neutrophil-to-
lymphocyte ratio (NLR).®~®

Researchers have found that tooth extraction after
radiotherapy increases the risk of osteoradionecrosis,
hence it is advised to extract at-risk teeth during pre-
radiotherapy dental preparation.’ The National Compre-
hensive Cancer Network (NCCN) guidelines for HNC
recommend dental preparation before radiotherapy,
including the elimination of potential sources of infection,
treatment of dental caries, and periodontal disease.°

The timeframe for pre-radiotherapy dental preparation
is often tight, requiring the start of radiotherapy within
7—14 days after the tooth extraction procedure."
Currently, there are no studies on whether pre-
radiotherapy dental procedures such as tooth extraction
increase the risk of acute severe ROM during radiotherapy.
Therefore, this study aims to describe the relationship be-
tween dental management prior to radiation therapy and
the incidence rate of severe ROM.

Materials and methods

Study design

This study retrospectively analyzed the clinical medical
records and dental management data of HNC patients who
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were treated at the Department of Stomatology, Peking
University Cancer Hospital, from January 2016 to December
2017. The inclusion and exclusion criteria are as follows:

Inclusion criteria: (1) cases of HNC that have undergone
radiotherapy; (2) complete clinical medical records, with
documentation on the presence or absence of ROM and its
severity level; (3) completion of pre-radiotherapy dental
preparation at the hospital, with comprehensive dental
case files and operation records.

Exclusion criteria: (1) cases with incomplete clinical
medical records or lacking documentation on the severity
of ROM; (2) HNC cases that did not complete pre-
radiotherapy dental preparation or have incomplete
dental case files and operation records.

The study adheres to the Helsinki Declaration, and the
research protocol has been approved by the Biomedical
Ethics Committee of Peking University School of Stomatol-
ogy (Approval number: PKUSSIRB-202391129). The design of
the study references the guidelines set out in the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement.'?

Statistical content

The following information and data were collected and
extracted from clinical records. Subject information
including age, gender, body mass index (BMI), history of to-
bacco and alcohol use, presence of comorbidities such as
diabetes. Tumor and treatment-related information including
primary tumor sites in the head and neck region are catego-
rized as oral or non-oral; staging (American Joint Committee
on Cancer staging eighth edition); concurrent treatment de-
tails are divided into groups receiving concurrent chemo-
radiotherapy or targeted therapy, and those receiving
radiotherapy alone; modality of radiotherapy treatment;
total dose and number of radiotherapy sessions; pre-
radiotherapy laboratory test results: red blood cell count,
hemoglobin, absolute lymphocyte count, absolute neutrophil
count, creatinine, blood glucose, and calculation of NLR.

Dental management prior to radiation therapy

Based on the NCCN Guidelines for Head and Neck Cancers
(Version 2014), a treatment plan is developed, which
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includes eliminating potential sources of infection, treating
dental caries, periodontal disease, etc.'® Data such as
whether scaling was performed, the number of teeth
extracted, the number of teeth restored, the number of
teeth treated with root canal therapy, etc., are extracted
from the records of oral diagnosis and operations, and
recorded. For cases where tooth extraction was performed
before radiotherapy, the number of days between the last
tooth extraction and the start of radiotherapy is recorded.

Assessment of radiation-induced oral mucositis

In accordance with the Common Terminology Criteria for
Adverse Events (CTCAE) established by the National Cancer
Institute in the United States, radiation oncologists docu-
mented the occurrence of radiation-induced oral mucositis
and its severity grading within patient medical records.'
For this study, we extracted data based on the highest
level of ROM severity observed during radiotherapy treat-
ment. The ROM severity grading scale is as follows, with
clinical pictures provided as examples from different pa-
tients to illustrate each grade: grade 1: asymptomatic or
mild symptoms, intervention not indicated (Fig. 1); grade 2:
moderate pain or ulcer that does not interfere with oral
intake, modified diet indicated (Fig. 2); grade 3: severe
pain, interfering with oral intake (Fig. 3); grade 4: life-
threatening, urgent intervention indicated; grade 5: death.

Statistical analysis

SPSS26.0 statistical analysis software (IBM, Armonk, NY,
USA) was used. Variables exhibiting a normal distribution
were characterized by the mean + standard deviation, and
their association with ROM grades was evaluated through
independent samples t-test and one-way ANOVA.
Conversely, variables not adhering to a normal distribution
had their distributions depicted by the median (25th

Figure 1  Grade 1 oral mucositis. Mild ulcer covered by yel-
low fibrin pseudomembrane, affecting buccal membrane after
12 times radiotherapy for nasopharyngeal carcinoma.
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P
Figure 2 Grade 2 oral mucositis. Large ulcer, modified diet

indicated but maintaining oral intake without the necessity for
analgesics, after 15 times radiotherapy for oral carcinoma.

Figure 3 Grade 3 oral mucositis. Extensive ulcer, crusting,
and exudate on the lips and oral mucosa, accompanied by
limited mouth opening and oral intake impairment, requiring
analgesics after 23 times radiotherapy for oral carcinoma.

percentile, 75th percentile) via the weighted average
method, with non-parametric testing employed to gauge
the correlation between variable distributions and ROM
grades. Logistic regression models were applied to execute
both univariate and multivariate analyses. The entirety of
the statistical computations was carried out utilizing. Sta-
tistical significance was set at P < 0.05 unless otherwise
indicated.

Results
Clinical information

This study included 144 patients with an age of 56.9 + 14.1
years; 95 (66.0%) were male and 49 (34.0%) were female.
All 144 patients experienced ROM, among which 122 pa-
tients (84.7%) had grade 1 or 2 ROM, and 22 patients (15.3%)
had grade 3 ROM. No patients had grade 4 or 5 ROM.
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All patients received radiotherapy using IMRT technique,
with an average total dose of 66.5 + 6.7Gy and a single dose
of 2.1 + 0.1Gy. All 144 patients underwent oral manage-
ment and oral hygiene education before radiotherapy.
Forty patients (27.8%) underwent tooth extraction, 98
(68.1%) had scaling and cleaning, 15 (10.4%) had dental
defect bonding restoration, and 13 (9.0%) had endodontic
treatment. Among the teeth extracted before radio-
therapy, those with residual roots, residual crowns, severe
periodontitis, and periapical inflammation accounted for
76.9% (70/91 teeth), and third molars accounted for 23.1%
(21/91 teeth) (see Table 1).

Univariate analysis of factors associated with grade
3 radiation-induced oral mucositis

Table 2 provides the results of the univariate analysis. The
results indicated a significant positive correlation with the
occurrence of grade 3 ROM for the following factors: pri-
mary tumor site in the oral cavity (non-oral) (OR = 3.848,
95%Cl = 1.508—9.822, P = 0.005), and number of teeth
extracted (OR = 1.313, 95%ClI CL = 1.001-1.702,
P = 0.040). Whether scaling was performed, the number of

endodontically showed no statistical association with the
occurrence of grade 3 ROM (P > 0.05).

Multivariate logistic regression analysis of oral
preparation and grade 3 radiation-induced oral
mucositis

In the multifactorial logistic regression model, with the
occurrence of Grade 3 ROM as the dependent variable, in-
dependent variables included total radiation dose, primary
tumor site (oral vs. non-oral), concurrent treatment (che-
moradiation or targeted therapy vs. radiotherapy alone),
alcohol consumption history (yes vs. no), postoperative
status (postoperative vs. non-postoperative), number of
extracted teeth, periodontal treatment (yes vs. no), num-
ber of bonded restorations, number of endodontically
treated teeth, and red blood cell count. The binary logistic
regression multifactorial analysis was conducted. The re-
sults indicated that the primary tumor site in the oral cavity
(OR = 5.165, 95%Cl = 1.636—16.311, P = 0.005) and the
number of extracted teeth (OR = 1.421, 95%
Cl = 1.071—-1.885, P = 0.015) were significantly positively
correlated with Grade 3 ROM, with a Nagelkerke R? value

teeth restored, and the number of teeth treated for the model at 0.182. See Table 3.
Table 1  Characteristics of the study population.
Characteristic Category Radiation-induced oral mucositis t/Ix’/H P Total
Grade 1&2 Grade 3 = s
n =122 n =22
Age 50.1 + 14.2 53.2 + 14.5 —0.811 0.419 56.9 + 14.1
Sex Male 80 (65.6%) 15 (68.2%) 0.056 0.812 95 (66.0%)
BMI (kg/m?) 23.1 + 3.2 22.7 + 3.1 0.415 0.679 23.1 +£3.2
Diabetes mellitus With 9 (7.4%) 2 (9.1%) 0.078 0.781 11 (7.6%)
Hypertension With 19 (15.6%) 3 (13.6%) 0.054 0.816 22 (15.3%)
Smoking history With 34 (27.9%) 8 (36.4%) 0.651 0.420 42 (29.2%)
Alcohol history With 22 (18.0%) 7 (31.8%) 2.202 0.138 29 (20.1%)
Primary cancer location Oral 29 (23.8%) 12 (54.5%) 8.668 0.003 41 (28.5%)
Non-oral® 93 (76.2%) 10 (45.5%) 103 (71.5%)
Staging, n (%) I 7 (5.7%) 0 (0.0%) 7.339 0.062 7 (4.9%)
Il 15 (12.3%) 2 (9.1%) 17 (11.8%)
i 17 (13.9%) 8 (36.4%) 25 (17.4%)
v 83 (68.0%) 12 (54.5%) 95 (66.0%)
Surgery With 57 (46.7%) 14 (63.6%) 2.134 0.144 71 (49.3%)
Total radiation dose (Gy) 67.1 £ 6.0 65.5 + 5.4 1.047 0.297 66.5 + 6.7
Single radiation dose (Gy) 2.1+ 0.1 2.1+ 0.1 0.545 0.587 2.1 £ 0.1
Concomitant treatment Radiotherapy only 50 (41.0%) 6 (27.3%) 1.474 0.225 56 (38.9%)
Concurrent 72 (59.0%) 16 (72.7%) 88 (61.1%)
chemoradiotherapy
Number of teeth extracted 0 (0,1) 0 (0,1.25) 1.240 0.266 0 (0,1)
Scaling 81 (66.4%) 17 (77.3%) 1.015  0.314 98 (68.1%)
Red blood cell count (10"9/L) 4.4+ 0.5 4.5 + 0.6 —-1.312 0.192 4.4+0.5
Hemoglobin (g/L) 131.0 £ 17.5 134.2 + 18.4 —0.751 0.454 131.5 +£17.6
NLR 3.3+2.8 2.7 +1.3 1.043 0.299 3.2+26
NLR>5 19 (15.6%) 0 (0%) 4.122 0.047 19 (13.2%)
Creatinine (umol/L) 64.4 + 15.2 60.2 + 12.8 1.093 0.277 63.7 + 14.9

Abbreviations: BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio.
2 Non-oral cancer included nasopharyngeal carcinoma, nasal cavity cancer, paranasal sinus cancer, oropharyngeal carcinoma, hypo-
pharyngeal carcinoma, salivary gland tumor, skin cancer, external auditory canal carcinoma.
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Table 2  Univariate analysis of factors related to grade 3 radiation-induced oral mucositis.

Variable Category (reference) OR 95%Cl P
Sex Male (female) 0.889 0.338—2.349 0.812
Age 1.014 0.981—1.048 0.416
BMI (kg/m?) 0.961 0.799—1.156 0.675
Smoking history Have (none) 1.479 0.569—3.842 0.420
Alcohol history Have (none) 2.121 0.773-5.818 0.138
Primary cancer location Oral (none-oral) 3.848 1.508—9.822 0.005
Stage LIV (1,11) 2.200 0.479—10.110 0.300
Surgery With (without) 1.996 0.781-5.102 0.144
Total dose (Gy) 0.957 0.880—1.039 0.295
Single dose (Gy) 0.223 0.001—45.968 0.581
Induction chemotherapy With (without) 0.978 0.381—2.511 0.963
Concomitant treatment With (without) 1.852 0.678—5.060 0.225
Number of teeth extracted 1.313 1.012—1.702 0.040
Scaling With (without) 1.721 0.593—4.995 0.314
Number of teeth filled 1.189 0.495—2.858 0.698
Number of teeth receiving pulp therapy 0.872 0.218—3.486 0.846
Days from tooth extraction to radiation therapy begin 0.416 0.136—1.274 0.560
Red blood cell count (10"9/L) 1.850 0.734—4.666 0.192
Hemoglobin (g/L) 1.011 0.983—1.039 0.451
NLR 0.882 0.695—1.119 0.300
Creatinine (umol/L) 0.980 0.946—1.016 0.275
Glucose (mmol/L) 0.874 0.452—1.688 0.688

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; NLR, neutrophil-to-lymphocyte ratio.

Table 3  Multivariate logistic regression analysis for grade 3 radiation-induced oral mucositis.

Variable B SE Wald 2 P EXP (B) 95%Cl of EXP (B)
Lower Upper

Primary cancer location 1.642 0.587 7.833 0.005 5.165 1.636 16.311

Number of teeth exacted 0.351 0.144 5.914 0.015 1.421 1.071 1.885

Constant —2.629 0.457 33.056 0.000 0.072

Abbreviations: B, regression coefficient; SE, standard error; Wald %2, Wald chi-square; EXP (B), exponentiated regression coefficient; Cl,

confidence interval.

Discussion

This study retrospectively analyzed the impact of pre-
radiotherapy oral preparation on the incidence of severe
ROM in 144 HNC patients undergoing radiotherapy. The
primary tumor site being in the oral cavity and a higher
number of teeth extractions during the preparatory phase
were identified as independent risk factors for grade 3
ROM. Univariate analysis did not reveal any statistically
significant correlation between other pre-radiotherapy oral
preparation measures (periodontal treatment, dental res-
torations, endodontic treatment) and the severity of ROM.

In the present study, the incidence of grade 3 ROM was
noted to be 15.3%, which is significantly lower than the
rates reported in other literature, ranging from 39% to
65%.%15~17 This may because advancements in radiotherapy
technology, coupled with comprehensive oral preparation,
have substantially mitigated the onset of severe radiation-
induced oral mucositis. The adoption of IMRT has been
proven to decrease the occurrence of severe ROM."® ?° On
the other hand, though lack of evidence, scholars believe
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that oral health education and management are beneficial
for controlling mucositis in radiotherapy patients. In this
study, radiation oncologists placed great emphasis on oral
management, and dental professionals were highly expe-
rienced, allowing patients to receive timely, high-quality
oral care.

Besides, the method of assessing and recording ROM may
lead to disparities in the judgment of ROM. The CTCAE
grade does not include an actual description of the pa-
tient’s oral mucosal lesions, but rather relies solely on the
patient’s subjective feelings of symptoms like pain for
evaluation. Since patients have different levels of toler-
ance, those who are less sensitive to pain but have larger
lesion areas may underreport their discomfort, whereas
those who are more sensitive to pain might report more
severe sensations even with smaller lesions. Different
physicians may have varying habits in recording the severity
of ROM; some patients’ medical records may lack timely
updated assessments of their ROM status, resulting in some
patients who progress to grade 3 ROM still being recorded as
grade 1 or 2 in their charts. In future ROM-related research,
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it is necessary to incorporate objective indicators for ROM
assessment and emphasize standardized evaluation and
recording to ensure the objectivity and consistency of ROM
assessments.

Patients with primary HNC in the oral cavity had a higher
incidence rate of grade 3 ROM than those with non-oral
primary HNC. This can be attributed to the fact that pa-
tients with oral tumors have a closer radiation treatment
target to the oral mucosa, which results in direct absorp-
tion of higher doses of radiation. Additionally, it has been
observed clinically that some patients undergoing unilat-
eral radiotherapy develop ROM lesions in both sides of the
oral cavity, indicating that not only the direct effect of
radiation irradiation but also secondary immune responses
play a role in ROM occurrence.”

Risk factors associated with severe ROM included:
smoking history, concurrent chemotherapy, alcohol con-
sumption history, BMI >24.0 kg/m?, diabetes, etc.® Studies
reported by the Multinational Association of Supportive
Care in Cancer (MASCC) highlighted a significant correlation
between smoking and ROM.?" However, this study did not
find a significant correlation between the above factors
with severe ROM, possibly because the impact of tumor
location and the number of teeth extracted prior to
radiotherapy on severe ROM is more substantial. The
aforementioned studies did not include these two factors,
and only a few ROM-related studies have described the
content of oral preparations. Additionally, previous
research found that the severity of ROM is related to body
weight, suggesting that managing nutritional status might
play a positive role in alleviating the severity of ROM."”

In this study, it was found for the first time that a higher
number of teeth extracted during the pre-radiation oral
preparation phase is an independent risk factor for grade 3
ROM. The teeth extracted before radiotherapy often pre-
sent with chronic infections and may have alveolar bone or
tooth structure damage due to long-term chronic inflam-
mation or decay, which are not expected to remain viable
in the long term after radiotherapy. In this study, many of
the teeth removed before radiotherapy were infected,
including residual roots, residual crowns, severe periodon-
titis, and periapical lesion cases. Within the urgency in the
treatment of head and neck cancer, and the fact that
wounds from tooth extraction require at least 1—2 weeks to
heal, but generally, dentists have only about 1—2 weeks to
perform pre-radiation oral care.’ As a result, dentists may
need to extract multiple teeth in a short period for some
patients. Patients often have poor oral hygiene before
starting radiation therapy, and their ability to maintain oral
health independently is low. If they undergo induction
chemotherapy, it leads to reduced systemic and local im-
munity. Extracting many teeth in a short period increases
the number of oral wounds, which are difficult to heal
quickly. All these factors combined lead to a severe defi-
ciency in the patient’s oral defenses during radiation
therapy. Since bacterial and fungal infections are directly
related to the occurrence of ROM, if the high concentration
of oral bacterial and fungal infections is not effectively
reduced before radiotherapy and maintained throughout
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the treatment, it becomes more likely to cause severe
ROM, especially in patients with lowered immunity and an
increased number of post-extraction wounds.*??

The risk of developing osteoradionecrosis (ORN) of the
jaw increases after tooth extraction post-radiotherapy.?
Research indicates that teeth with periodontitis that are
not extracted before radiotherapy are a risk factor for
ORN.?* Although there is still a lack of high-level evidence
to prove that extracting at-risk teeth before radiotherapy
can reduce the incidence of ORN,?> %’ current international
guidelines still recommend a systematic oral assessment
and tooth extraction before radiotherapy.®’'®

This study identified a higher number of teeth extrac-
ted before radiotherapy as an independent risk factor for
severe ROM. However, this does not mean that the prac-
tice of extracting high-risk teeth before radiotherapy
should be discarded. The impact of ORN on patients’
quality of life is more significant compared to the severe
ROM experienced during radiotherapy, and the benefits of
extracting infected teeth before treatment may outweigh
the risks. Therefore, for patients who have had multiple
extractions before radiotherapy, adopting additional
measures to prevent or reduce the incidence of ROM is a
direction that requires further research emphasis. For
patients with oral cancer undergoing radiotherapy, the use
of enteral nutrition such as gastric tubes or gastrostomies
early in radiotherapy or before starting may also be
considered. This approach minimizes oral intake during
radiotherapy, reducing frictional trauma from eating while
ensuring that patients receive adequate and controlled
nutritional intake.

No significant correlation was found in this study be-
tween pre-radiotherapy scaling and the severity of ROM in
HNC patients, which may be due to the fact that some
patients had maintained good oral hygiene through scaling
before surgery or regular dental hygiene practices. For
these patients, an additional scaling procedure before
radiotherapy may not be necessary. Previous research has
identified poor oral hygiene as a risk factor for severe ROM,
we still recommend that HNC patients with poor oral hy-
giene should undergo scaling before radiotherapy.?
Therefore future studies should employ indices such as
plaque index and calculus index to investigate the corre-
lation between oral hygiene status and the severity of ROM.

This study has certain limitations, as it was conducted in
a single oncology hospital, limiting the generalizability of
its findings. Subsequent multicenter studies should be car-
ried out to prospectively investigate the oral condition of
patients before radiotherapy, the content of oral prepara-
tion, and the severity of ROM, in order to gain a deeper
understanding of the relationship between oral health, oral
preparation, and the severity of ROM.

In HNC patients undergoing radiotherapy, the primary
site located in the oral cavity and a higher number of teeth
extracted are independent risk factors for the development
of severe mucositis. In future research, we should pay
special attention to recording oral procedures before
radiotherapy and tracking and follow-up of patients after
radiotherapy.
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