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Abstract
Purpose This study investigated the impact of dental prophylaxis on 5-fluorouracil (5-FU)–related oral mucositis (OM) accord-
ing to the head and neck cancer (HNC) locations and treatment times.
Methods A total of 13,969 HNC participants, including 482 5-FU–related OM subjects and 13,487 comparisons were enrolled
from the Longitudinal Health Insurance Database for Catastrophic Illness Patients of Taiwan between 2000 and 2008. All
subjects were stratified into subgroups based on the times to perform chlorhexidine use, scaling, and fluoride application before
5-FU administration. The dental prophylaxis related to 5-FU–related OM was estimated by multiple logistic regression and
represented with odds ratio (OR) and 95% confidence interval (CI).
Results Fluoride gel application and scaling significantly impacted on OM development (p < 0.001), and the joint effect of
fluoride gel and scaling induced 5-FU–related OM (OR = 3.46, 95% CI = 2.39–5.01). The risk of OM was raised 2.25-fold as
scaling within 3 weeks before 5-FU–related chemotherapy (95% CI = 1.81–2.81), and a 3.22-fold increased risk of OM while
fluoride gel was applied during 5-FU–related treatment (95% CI = 1.46–7.13).
Conclusion Dental prophylaxis significantly affected 5-FU–related OM in the HNC population. A short interval between dental
scaling or fluoride application and 5-FU administration may be associated with higher prevalence of OM. Scaling simultaneously
combined with chlorohexidine promoted 5-FU–related OM in specific HNC patients excluding the oral cancer and nasopharyn-
geal cancer population. Proper timing of the prophylactic dental treatments prior to 5-FU therapy could reduce the risk to develop
5-FU–related OM.
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Introduction

5-Fluorouracil (5-FU) is a common chemotherapy agent used
in head and neck cancer (HNC) therapy, but it has several
adverse effects such as oral mucositis (OM), diarrhea, derma-
titis, myelosuppression, and cardiac toxicity. OM is one of the
most common and troublesome among these complications
[1]; patients with these painful lesions often have difficulty

eating and swallowing, which leads to malnutrition and sys-
temic infections [2]. Almost 40% of HNC patients suffer from
OM while undergoing 5-FU therapy, and there is no effective
treatment method; therefore, learning how to prevent 5-FU–
related OM is a valuable issue for HNC patients that are un-
dergoing chemotherapy.

Undergoing preventive dental prophylaxis before cancer
therapy to eliminate oral infection pathogens can effectively
maintain good oral health and reduce oral complications dur-
ing cancer therapy. Many oncology centers routinely perform
dental prophylaxis such as scaling, fluoride application, and
chlorhexidine mouth rinsing for plaque control, caries preven-
tion, and oral hygiene maintenance [3]. However, several au-
thors have also mentioned the potential cytotoxicity of fluo-
ride and chlorhexidine to oral tissues [4, 5]. Our previous
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study indicated that improper timing when performing dental
scaling and chlorhexidine mouth rinse for dental prophylaxis
raises the risk of osteoradionecrosis [6]. The impact of dental
prophylaxis and risk of 5-FU–related OM is still a controver-
sial issue; it is worthwhile to investigate whether dental pro-
phylaxis can effectively prevent 5-FU–related OM. This study
aims to determine the impact of different modalities and times
to perform dental prophylaxis including scaling,
chlorohexidine, or fluoride gel application on 5-FU–related
OM in different HNC locations. The hypothesis of this study
was that dental prophylactic modalities and times are both
related to OM in the HNC population undergoing 5-FU
chemotherapy.

Methods

Data source

Instituted in 1995, the National Health Insurance (NHI) sys-
tem is a mandatory universal program that offers comprehen-
sive medical care coverage to all Taiwanese residents. The
NHI covered 96.2% of Taiwan’s population in 2000, and cov-
erage was increased to over 99.5% by 2005 [7]. Therefore, the
NHI Research Database (NHIRD) contains inclusive health
care information of nearly 23.72 million residents in Taiwan.
We used the longitudinal health insurance database of cata-
strophic illness patients (LHID-CIP) registry in this study,
which is a part of the NHIRD. Thirty diseases were defined
as catastrophic illness, such as ulcerative colitis, malignancies,
end-stage renal disease, and autoimmune diseases (http://
www.nhi.gov.tw/english/index.aspx). The related Diplomats
must confirm the illness of the patient carefully based on the
guide l ines f rom the Nat iona l Hea l th Insurance
Administrat ion, Ministry of Heal th and Welfare
(NHIAMHW) prior to registration in the Registry of
Catastrophic Illness. Since patients with catastrophic illnesses
can be exempt from copayment of medical care under the
guidelines from NHIAMHW, we believe that every patient
suffering from catastrophic illness was registered in the
Registry of Catastrophic Illness. The LHID-CIP is composed
of demographic data, all records of medical visits, prescrip-
tions and treatments, and diagnoses of diseases for each pa-
tient in the period from 01 Jan 1997 to 31 Dec 2011. Diseases
were identified according to the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Based on the Personal Information Protection Act, each pa-
tient’s identification was encoded before being transmitting to
researchers. This human observational study was permitted by
the Institutional Review Board of China Medical University
and Hospital. We also conformed to the STROBE guidelines
in this observational study.

Study subjects

We organized this cross-sectional study to determine the as-
sociation between dental prophylactic modalities (namely
fluoride gel application, chlorhexidine mouth rinse, and scal-
ing) and the risk of OM in HNC patients undergoing 5-FU–
related treatment. During the period from 01 Jan 2000 to 31
Dec 2008, a total of 20,715 HNC (ICD-9-CM 140-149) pa-
tients with newly 5-FU–related chemotherapy were selected
from the LHID-CIP registry, and the date of 5-FU therapy
initiation was defined as the index date (Fig. 1). We further
excluded patients from the study participants that were less
than 20 years old (n = 58), who had been diagnosed with other
cancers (ICD-9-CM 150–208) (n = 782), presented
xerostomia (ICD-9-CM 527.2, 527.3, 527.5–527.7, 527.9,
and 710.2) (n = 1002), had partial or total salivary excision
before the index date (n = 0), and who had been diagnosed
with a OM history within 1 year before the index date (n =
4904). In addition, these HNC patients were stratified into
three subgroups according to their cancer locations: oral can-
cers (ICD-9-CM 140–145), nasopharyngeal cancer (NPC)
(ICD-9-CM 147), and other cancers (ICD-9-CM 146, 148,
and 149).

The end date was defined as the date of OM diagnosis,
withdrawal from the NHI program, or the twenty-first day
after the 5-FU therapy initiation date, whichever came first.
Patients with OM diagnosis (ICD-9 CM 528.00, 528.01,
528.2, and 528.9) and undergoing OM therapy within the
twenty-first day after the date of 5-FU therapy initiation were
defined as the OM group.

The covariates included gender, age (in the age group of
20–34, 35–49, 50–64, and ≥ 65 years), comorbidity, dental
treatment, and cancer treatment. The records of comorbidity
were determined for each patient before the index date, which
included diabetes mellitus (ICD-9-CM 250), hyperlipidemia
(ICD-9-CM 272), hypertension (ICD-9-CM 401–405), and
periodontitis (ICD-9-CM 523.3 and 523.4). The records of
dental treatment were determined for each patient within
180 days prior to the index date, which included fluoride gel
application, chlorhexidine mouth rinse, scaling, and major
oral surgery. The major oral surgery comprised excision of
lower jaw malignancy, mandible resection (viz. marginal, par-
tial, and hemi-resection), mandibular osteotomy, open reduc-
tion of mandible or maxilla, maxilla suspension wiring or
inter-maxillary wiring, and open reduction of palate fractures.
Cancer treatment encompassed chemotherapy and
radiotherapy.

Statistical analysis

The Chi-square test was used to examine the difference of
gender, age group, comorbidity, dental treatment, and NHC
locations between patients with and without OM, and the
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difference of mean age between these two groups was identi-
fied using Student’s t test. Fisher’s exact test was applied to
inspect the difference between cancer treatments. The odds
ratio (OR) and 95% confidence interval (CI) were determined
by a multiple logistic regression model and were used to esti-
mate the association between dental prophylactic modalities
and the risk of OM. Gender, age, all comorbidities, and cancer
treatments were adjusted in the multiple logistic regression
model. Furthermore, we estimated the association between
different timings of different oral prophylactic modalities
and the risk of OM. All statistical analyses were executed
using SAS software version 9.4 (SAS Institute, Cary, NC),
and the level of statistical significance was set at a two-tailed
test p < 0.05.

Results

A total of 13,969 HNC patients that received 5-FU–related
chemotherapy were recruited, including 482 patients with
OM development and 13,487 patients without OM develop-
ment. There were no significant differences between the OM
and non-OM groups in the distribution of gender and age.
Patients with OM were more likely to have periodontitis
(36.9% vs. 28.4%), and more likely to have undergone dental
prophylactic modalities including fluoride gel application
(10.2% vs. 4.6%) and scaling (53.3% vs. 36.0%). Patients
with OM were more likely to have experienced NPC than
patients without OM (57.7% vs. 45.4%) (Table 1).

Compared to patients without dental prophylaxis, patients
with fluoride gel application plus scaling were associated with
the greatest risk of OM (OR = 3.46, 95% CI = 2.39–5.01),
followed by only scaling (OR = 1.72, 95% CI = 1.36–2.16),
and chlorhexidine mouth rinse plus scaling (OR = 1.53, 95%
CI = 1.12–2.10) after adjustment for gender, age, comorbidi-
ties, and cancer treatments. More details are shown in Table 2.

After dividing these HNC subjects into three groups based
on their cancer locations, NPC patients with fluoride gel ap-
plication plus scaling (OR = 4.05, 95% CI = 2.61–6.31) and
only scaling (OR = 1.62, 95% CI = 1.21–2.16) were associat-
ed with the greatest risk of OMwhen compared to those with-
out dental prophylaxis. Additionally, other cancer patients
with chlorhexidine mouth rinse plus scaling (OR = 2.33,
95% CI = 1.13–4.80) and only scaling (OR = 2.09, 95%
CI = 1.18–3.69) were associated with a higher risk of OM
(Table 3).

Table 4 presents the correlation between different scaling
times and the risk of OM occurrence in HNC patients. After
adjustment for gender, age, comorbidities, and cancer treat-
ments, patients receiving scaling both within 3 weeks, and
from 3 weeks to 6 months, before the index date had a higher
risk of OM than those without scaling (OR = 2.25, 95% CI =
1.81–2.81; OR = 1.51, 95% CI = 1.19–1.92, respectively).

The relationship between different strategies of daily fluo-
ride gel application and the risk of OM development in HNC
patients is displayed in Table 5. Compared with the non-
fluoride gel application group, patients with a fluoride gel
application during and prior to 5-FU therapy were associated

Fig. 1 Flow chart of study subjects (5-FU, 5-fluorouracil; LHID-CIP, longitudinal health insurance database of catastrophic illness patients)
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with a significant risk of OM (OR = 3.22, 95% CI = 1.46–
7.13; OR = 1.90, 95% CI = 1.37–2.65, respectively) after be-
ing adjusted for gender, age, comorbidities, and cancer
treatments.

Discussion

Preventing 5-FU–related OM through early risk factor detec-
tion is mandatory for better life quality in the HNC population.

This study preliminarily elucidated the significant association
between scaling, fluoride gel application, 5-FU–related OM
(Table 1), and the closely related joint effect of prophylactic
dental treatment to develop 5-FU–related OM among HNC
patients (Table 2). Our results are coincident with previous
research that proposed critical professional dental prevention
measures to prevent chemoradiotherapy-induced complica-
tions in HNC patients [8–10].

This result demonstrated that periodontitis, cancer location,
dental prophylactic treatment prior cancer therapy, radiothera-
py, and chemotherapy all significantly raised the risk of 5-FU–
related OM (p < 0.05) (Table 1). That was coincident to OM
being an acute response derived from high-dose 5-FU admin-
istration and radiotherapy [11]. Previous investigations also
indicated the host derived inflammatory responses in oral cav-
ity, periodontitis, and radiation significantly impacted
chemotherapy-induced OM [12]. Based on this study, 5-FU–
related OM was a multifactorial complication as proven by the
significant association between dental prophylaxis and 5-FU–
related OM in the HNC population. To determine the impact of
dental prophylaxis on the risk of developing 5-FU–related OM,
all the confounders such as periodontitis, chemotherapy, and
radiotherapy were adjusted in the statistics (Tables 2, 3, 4, 5).

Dental scaling is an effective approach in removal of
plaque and calculus to decrease the risk of dental caries and
periodontitis, which plays a major part of dental prophylaxis
prior to cancer therapy. Previous investigations revealed that
weekly scaling during chemotherapy period reduces the risk
of OM in female breast cancer patients [13]. Nevertheless, this
result indicated that prophylactic scaling significantly in-
creased the risk of 5-FU–related OM among HNC patients
after adjusting for several confounders including periodontitis
(Table 2). The association between prophylactic dental scaling
and OM seems a controversial issue. Many pieces of research
indicate that the time to perform scaling is a crucial factor in
the development of oral complications derived from cancer
treatment [6, 7]. Several investigations advocated that a 3-
week interval between invasive dental therapy and cancer
treatment initiation are essential for socket healing [14, 15],
we therefore used a 3-week interval as a cut-off point to de-
termine the association between scaling time and the risk of 5-
FU–related OM. This study divided the different dental scal-
ing times as either 3 weeks or 6 months before 5-FU admin-
istration to investigate the various risks of 5-FU–related OM
(Table 4). The results disclosed that the time of scaling was
closely related to 5-FU–related OM after being adjusted for all
other confounders (p < 0.001). The risk of OM was raised
2.25-fold among those who received dental scaling within
3 weeks compared to 6 months before 5-FU administration.
The incidence of developing OM gradually decreases as the
interval between dental scaling and 5-FU administration is
prolonged. This result was coincident to a previous study that
revealed that the intensive oral hygiene care is not clinically

Table 1 Demographic and medical characteristics between head and
neck patients undergoing 5-fluorouracil-based chemotherapy with and
without oral mucositis development

Oral mucositis

No (n = 13,487) Yes (n = 482) p value

Variables

n % n %

Gender

Women 1817 13.5 76 15.8 0.17
Men 11,670 86.5 406 84.2

Age (in years) at receiving 5-FU

20–34 942 6.98 40 8.30 0.75
35–49 6042 44.8 213 44.2

50–64 5031 37.3 177 36.7

≥65 1472 10.9 52 10.8

Means (SD) 50.4 (11.1) 50.1 (11.4) 0.63

Comorbidity

Diabetes 1436 10.7 54 11.2 0.75

Hyperlipidemia 1841 13.7 80 16.6 0.08

Hypertension 3358 24.9 109 22.6 0.28

Periodontitis 3829 28.4 178 36.9 < 0.001

Dental treatment

Fluoride gel application 621 4.60 49 10.2 < 0.001

Chlorhexidine mouth rinse 3639 27.0 117 24.3 0.21

Scaling 4858 36.0 257 53.3 < 0.001

Oral surgery 461 3.42 8 1.66 0.04

Cancer location

Oral cancer 4664 34.6 123 25.5 < 0.001
NPC 6119 45.4 278 57.7

Others 2704 20.1 81 16.8

Cancer treatmenta

No 36 0.27 0 0.00 < 0.001
CT alone 3695 27.4 82 17.0

RT alone 105 0.78 8 1.66

Both CT and RT 9651 71.6 392 81.3

Abbreviation: 5-FU, 5-fluorouracil; CT, chemotherapy; n, number of
cases; NPC, nasopharyngeal cancer; RT, radiotherapy; SD, standard
deviation
a Fisher’s exact test

3166 Support Care Cancer (2021) 29:3163–3171



impressive because it is not necessary to prevent OM in pa-
tients receiving chemotherapy [16]. Based on this finding, we
might infer the risk of 5-FU–related OM gradually decreases
as the time interval between dental scaling and 5-FU admin-
istration increases. The study reaffirmed that the scaling time
significantly affects the risk of developing oral complications
derived from cancer therapy. Dental scaling should be con-
ducted as early as possible before the 5-FU therapy is started.

Fluoride gel can effectively prevent dental caries in patients
with HNC [17], so daily fluoride gel application is widely
used as a part of standard prophylactic modalities. This is
the first study to demonstrate that fluoride gel application
could be associated with 5-FU–related OM (Table 1).
Fluoride gel application during 5-FU administration raised
the risk in developing OM by 3.22-fold (Table 5). This might
be attributed to the issue that both fluoride and 5-FU induce
the generation of reactive oxygen species as well as the acti-
vation of the nuclear factor-κB pathway [18]. The coupling
pathologic mechanism related to OM development is worthy
of being investigated further. A remarkable joint effect of
scaling and fluoride gel application greatly raised the risk of
experiencing 5-FU–related OM by 3.46-fold (Table 2). The
result was coincident to a previous study that indicated fluo-
ride can inhibit fibroblast spreading on human dentine, so the
fluoride-containing solutions have to be prohibited during and
after periodontal surgery and scaling [19]. Clinicians should
be vigilant about dental scaling and fluoride gel application, as
concurrent use might greatly raise the incidence of 5-FU–re-
lated OM in the HNC population. This result was not only a
major discovery but also led to another issue to explore the
safe interval between fluoride application and dental scaling
prior to 5-FU therapy to prevent OM.

These results (Table 1) and the previous investigation [20]
both pointed out the malignancy itself was closely related to

chemotherapy-induced OM and might attribute the severity of
OM on the 5-FU–administered dose as the treatment dosages
of 5-FU depend on the different cancer locations [21]. To
further investigate the impact of cancer location, this study
subdivided the HNC population into three subgroups includ-
ing oral cancer, NPC, and other HNC (Table 3). Excluding the
patients with oral cancer, dental scaling prior 5-FU adminis-
tration within 6 months greatly raised the risk of OM from
1.62-fold to 2.09-fold. Hence, this result reiterated the previ-
ous statement mentioned in this research that the interval of
dental scaling and 5-FU administration should be as long as
possible. If NPC patients are treated with scaling and fluoride
application simultaneously prior to 5-FU administrated, the
risk in developing OM is raised 4.05-fold compared to those
who never received any dental prophylaxis. The higher risk
when compared with the other HNC patients might be attrib-
uted to the fact that the NPC population must be treated with
higher 5-FU doses [22]. This finding also strengthened the
synergic effect of fluoride and 5-FU as previously proposed.

A previous study indicated the oral hygiene and periodon-
titis were closely related to the incidence of OM [23].
Chlorhexidine is a topical antiseptic, and so is commonly used
to prevent dental plaque accumulation in dental prophylactic
treatments [24]. However, in 2020, the clinical practice guide-
lines of the Mucositis Study Group of the Multinational
Association of Supportive Care in Cancer/International
Society of Oral Oncology (MASCC/ISOO) announced a
warning against utilizing chlorohexidine mouthwash to pre-
vent OM in patients receiving head and neck radiotherapy
[25]. The heterogeneity of these previous investigations might
be attributed to different cancer treatments including chemo-
therapy, radiotherapy, and chemoradiotherapy [26]. To in-
crease the realism of the results, this study creatively explored
the association between chlorohexidine and 5-FU–related OM

Table 2 The combination effect of fluoride application, chlorhexidine mouth rinse, and scaling in association with oral mucositis among head and neck
cancer patients undergoing 5-fluorouracil-based chemotherapy

Fluoride gel application Chlorhexidine
mouth rinse

Scaling Non-oral
mucositis (n)

Oral mucositis (n) OR (95% CI)

Crude Adjusteda

No No No 6195 164 1.00 1.00

No No Yes 3164 157 1.87 (1.50–2.34)*** 1.72 (1.36–2.16)***

No Yes No 2279 55 0.91 (0.67–1.24) 0.85 (0.62–1.16)

Yes No No 122 4 1.24 (0.45–3.39) 1.11 (0.40–3.05)

Yes Yes No 33 2 2.29 (0.55–9.62) 1.89 (0.45–7.97)

Yes No Yes 367 40 4.12 (2.87–5.91)*** 3.46 (2.39–5.01)***

No Yes Yes 1228 57 1.75 (1.29–2.39)*** 1.53 (1.12–2.10)**

Yes Yes Yes 99 3 1.15 (0.36–3.65) 0.92 (0.29–2.95)

Abbreviation: CI, confidence interval; n, number of cases; OR, odds ratio
aModel adjusted for gender, age, diabetes mellitus, hyperlipidemia, hypertension, periodontitis, chemotherapy, and radiotherapy

**p < 0.01; ***p < 0.001
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Table 3 The combination effect of fluoride application, chlorhexidine mouth rinse, and scaling in association with oral mucositis among patients of
oral cancer, nasopharyngeal cancer, and others undergoing 5-fluorouracil-based chemotherapy

Fluoride gel
application

Chlorhexidine
mouth rinse

Scaling Non-oral mucositis (n) Oral
mucositis (n)

OR (95% CI)

Crude Adjusteda

Oral cancer

No No No 2005 46 1.00 1.00

No No Yes 514 16 1.36 (0.76–2.42) 1.25 (0.70–2.23)

No Yes No 1373 33 1.05 (0.67–1.65) 0.95 (0.60–1.50)

Yes No No 64 1 0.68 (0.09–5.02) 0.56 (0.08–4.15)

Yes Yes No 21 2 4.15 (0.95–18.2) 3.35 (0.76–14.9)

Yes No Yes 107 5 2.04 (0.79–5.23) 1.67 (0.64–4.34)

No Yes Yes 542 19 1.53 (0.89–2.63) 1.30 (0.75–2.27)

Yes Yes Yes 38 1 1.15 (0.15–8.54) 0.91 (0.12–6.82)

NPC

No No No 3736 88 1.00 1.00

No No Yes 2185 118 1.68 (1.27–2.23)*** 1.62 (1.21–2.16)**

No Yes No 390 8 0.64 (0.31–1.33) 0.58 (0.28–1.20)

Yes No No 46 3 2.03 (0.62–6.65) 1.91 (0.58–6.31)

Yes Yes No 7 0 – –

Yes No Yes 217 32 4.59 (2.99–7.03)*** 4.05 (2.61–6.31)***

No Yes Yes 492 27 1.71 (1.10–2.65)* 1.55 (0.99–2.43)

Yes Yes Yes 46 2 1.35 (0.32–5.66) 1.13 (0.27–4.74)

Others

No No No 1454 30 1.00 1.00

No No Yes 465 23 2.40 (1.38–4.17)** 2.09 (1.18–3.69)*

No Yes No 516 14 1.32 (0.69–2.50) 1.20 (0.63–2.30)

Yes No No 12 0 – –

Yes Yes No 5 0 – –

Yes No Yes 43 3 3.38 (0.99–11.5) 2.43 (0.69–8.48)

No Yes Yes 194 11 2.75 (1.36–5.57)** 2.33 (1.13–4.80)*

Yes Yes Yes 15 0 – –

Abbreviation: CI, confidence interval; n, number of cases; OR, odds ratio; NPC, nasopharyngeal cancer
aModel adjusted for gender, age, diabetes mellitus, hyperlipidemia, hypertension, periodontitis, chemotherapy, and radiotherapy

*p < 0.05; **p < 0.01; ***p < 0.001

Table 4 Odds ratio for oral mucositis among different timing of scaling in head and neck cancer patients undergoing 5-fluorouracil-based
chemotherapy

Non-oral mucositis (n) Oral mucositis (n) OR (95% CI)

Crude Adjusteda

No scaling within 6 months before
5-FU administration

8629 225 1.00 1.00

Scaling within 3 weeks before
5-FU administration

2271 143 2.42 (1.95–2.99)*** 2.25 (1.81–2.81)***

Scaling within 3 weeks to 6 months
before 5-FU administration

2587 114 1.69 (1.34–2.13)*** 1.51 (1.19–1.92)***

Abbreviation: 5-FU, 5-fluorouracil; CI, confidence interval; n, number of cases; OR, odds ratio
aModel adjusted for gender, age, diabetes mellitus, hyperlipidemia, hypertension, periodontitis, chemotherapy, and radiotherapy

***p < 0.001
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after adjusting for all confounders including the chemothera-
py, radiation, and chemoradiation therapy in the statistics.
This result revealed chlorohexidine did not significantly re-
duce the incidence of 5-FU–related OM (P = 0.21) (Table 1),
which was coincident to a previous investigation [26]. The
pilot finding of this research indicated that the simultaneous
use of dental scaling and chlorohexidine before chemotherapy
significantly raises the risk in developing 5-FU–related OM,
and this effect is especially evident in some specific HNC
patients excluding the NPC and oral cancer population
(Tables 2 and 3). We might infer the cytotoxicity of
chlorohexidine related to 5-FU–related OM is correlated to
the cancer location, so the pathologic mechanism is worth
further investigation.

To ensure the OM was related to 5-FU administration, the
definition of the 5-FU–related OM in this study was very
rigorous. A total of 20,715 HNC patients that had undergone
5-FU–related chemotherapy were selected from the LHID-
CIP registry, and the date of 5-FU therapy initiation was de-
fined as the index date. Patients that had been diagnosed with
an OM history within 1 year before the index date were ex-
cluded from this study. Hence, there were 4904 subjects that
were excluded from this study so only 482 OM cases among
the total of 13,969 5-FU-treated HNC patients were identified
as 5-FU–related OM subjects (Fig. 1). The careful identifica-
tion of 5-FU–related OM cases in this study lead to the lower
incidence of HNC patients suffering from OM while under-
going 5-FU therapy when compared to the general consensus.
Based on some ethical concerns, it is difficult to investigate
whether some dental prophylaxis induces 5-FU–related OM
in this prospective randomized controlled study. This research
not only successfully overcame this difficulty but also provid-
ed a multiple pioneer consensus even if there are still some
limitations regarding lifestyle information such as cigarette
smoking, alcohol consumption, and betel nut chewing, which
have been demonstrated to influence the process of OM [27],
but these lifestyle choices could not be obtained from
Taiwan’s LHID-CIP registry. Although the grading of OM,
plaque index, probing depth, mode, and dosage of 5-FU were

not revealed in the database, the study was adjusted for all
confounders including periodontitis, chemotherapy, and ra-
diotherapy to clearly aim at the impact of scaling, fluoride,
and chlorohexidine on the risk of 5-FU–related OM in the
HNC population. The cancer location can clearly represent
the dosage of 5-FU administration to overcome this limitation.
Moreover, the association between the mode of 5-FU admin-
istration, including bolus or slow infusion, and the different
grading of OM is another interesting issue that requires further
study. Further investigation is also needed to determine
whether the variant dental prophylactic treatments affect the
different grading 5-FU–related OM. The dental assessment
prior to cancer therapy proposed in The Mucositis Study
Group of the Multinational Association of Supportive Care
in Cancer/International Society of Oral Oncology (MASCC/
ISOO) guidelines included: toothbrushing with a soft tooth-
brush, regular toothbrush replacement, flossing, and the use of
bland rinses and moisturizers. The clinical evaluation of this
oral care regimen is subjective because it usually depends on
self-reporting by the patient [28, 29]. The personal prophylac-
tic habits, including brushing, flossing, and rinsing with a
bland rinse, were not revealed in the database, but the defini-
tion of dental prophylactic treatments in this study were iden-
tified as the ICD-9 code in the database to be objective and
increase the realism of the results. In this study, the joint effect
of those different dental prophylactic therapies was defined to
perform scaling, fluoride, or chlorohexidine concurrently.
Based on this preliminary finding, determining which time
intervals between these treatments are safe to prevent 5-FU–
related OM development is worthy of further discussion.

Conclusions

5-FU–related OM seems to be a multifactorial side effect in
HNC treatments. To reduce risk of developing OM, dental
scaling and fluoride application should be performed separate-
ly and accomplished as early as possible before 5-FU admin-
istration. Although chlorohexidine mouth rinse might not

Table 5 Odds ratio for oral mucositis among different strategies of fluoride gel application in head and neck cancer patients undergoing 5-fluorouracil-
based chemotherapy

Non-oral
mucositis (n)

Oral
mucositis (n)

OR (95% CI)

Crude Adjusteda

Non-fluoride gel application 12,866 433 1.00 1.00

Only before 5-FU administration 564 42 2.21 (1.59–3.07)*** 1.90 (1.37–2.65)***

Only during 5-FU administration 57 7 3.65 (1.66–8.05)** 3.22 (1.46–7.13)**

Abbreviation: 5-FU, 5-fluorouracil; CI, confidence interval; n, number of cases; OR, odds ratio
aModel adjusted for gender, age, diabetes mellitus, hyperlipidemia, hypertension, periodontitis, chemotherapy, and radiotherapy

**p < 0.01; ***p < 0.001
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induce 5-FU–related OM, scaling combined chlorohexidine
might significantly increase the risk in developing 5-FU–re-
lated OM in some specific HNC patients that excludes the oral
cancer and NPC population. Optimal dental prophylactic
treatments, including the proper time to perform dental scaling
and fluoride application, could not only effectively eliminate
oral infections but also reduce complications derived from
cancer treatment.
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