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Background Topical photodynamic therapy (PDT) has demonstrated encouraging results in the treatment of oral
leukoplakia (OLK). However, data on the clinical efficacy of PDT in Chinese patients with OLK are still limited.

Methods Fifty patients diagnosed with OLK were enrolled, including patients with various dysplastic tissues. All
patients received topical PDT with 5-aminolevulinic acid (5-ALA) as a photosensitizer. Clinical efficacy was evaluated 4
weeks after treatment. Follow-up was performed every 3 months during the first year and every 6 months during the

Results The overall response rate was 68% (34/50): 12% (n=6) complete and 56% (n=28) partial responses.
Aneuploidy was reduced in the patients with dysplastic lesions. Oral pain and local ulcers developed in 52% of the
patients (n=26). Patients with a long history of OLK including hyperplasia and dysplastic lesions, as well as those
with non-homogenous lesions, were more likely to develop pain and ulcer. During follow-up, the recurrence rate of
hyperplasia and dysplastic lesions was 32% (n=16) and the malignant transformation rate of dysplastic lesions was
4% (n=2). Lesions on the buccal mucosa were associated with recurrence (P=0.044; OR: 0.108, 95% Cl: 0.013-0.915).

Conclusion Topical 5-ALA-mediated PDT is an effective treatment for OLK, particularly for homogenous leukoplakia,
with few side effects. The buccal mucosa may be a protective factor that can reduce recurrence.
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Introduction

Owing to the increased risk of developing cancer in or
near the lesion area, as well as in other parts of the oral
cavity or head and neck region, oral leukoplakia (OLK)
is listed as one of the oral potentially malignant disorders
(OPMDs) [1]. A systemic review that included over 1,000
patients showed that the prevalence of OLK was between
1.49 and 4.27% [2]. Previous studies on leukoplakia indi-
cated a wide range of malignant transformation rates
(3—-20%), and that this rate is increasing in the Chinese
population [3, 4]. Although the main goal of OLK man-
agement is to prevent malignant transformation, the
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reduction or elimination of lesions is also desired because
of their biological and clinical features [1, 5].

Various therapeutic approaches have been used in the
management of OLK, such as systemic medication (alpha
tocopherol, isotretinoin, lycopene, etc.), topical medica-
tion (bleomycin, tretinoin, isotretinoin, etc.), and photo-
dynamic therapy (PDT) [6]. Although these approaches
have been applied to OLK management, there is no clear
evidence for an effective therapy preventing recurrence
and malignant transformation [7].

Routes of administration of 5-aminolevulinic acid
(5-ALA) include topical, oral, intravenous, intravesical,
inhalational, and sublingual routes. Topical 5-ALA appli-
cation is most widely used for mucocutaneous lesion
PDT because it can be applied repeatedly without cumu-
lative toxicity or serious adverse effects [8].

Topical PDT is a nonsurgical therapy using photosensi-
tizers that selectively accumulate in the target tissue prior
to light delivery. It involves three components: a light
source, a photosensitizer, and tissue oxygen. The interac-
tion between the light source and the photosensitizer is
activated in the presence of oxygen, generating reactive
oxygen species (ROS). Intracellular cytotoxic ROS then
cause oxidative damage to precancerous and malignant
cells [9, 10].

Topical PDT has been used for over 10 years for treat-
ing oral leukoplakia, with promising results [11]. In the
study by Chen H.M. et al., 24 OLK patients were treated
by topical PDT, with a result of 8 patients showing com-
plete response and 16 patients showing partial response
[12]. OLK recurred during the follow-up period in two
cases. Kiibler A et al. reported 12 OLK lesions treated
by topical PDT with complete response in 5, partial
response in 4, and no response in 3 patients while no
recurrence was revealed [13]. However, data on the effi-
cacy of topical PDT in OLK treatment for Chinese OLK
patients are limited. There remain many barriers that
lead to a significant proportion of patients with oral leu-
koplakia being treated with topical PDT. In this study, we
reviewed the outcomes of OLK patients treated with top-
ical PDT and evaluated the treatment effect, side effects,
recurrence, and related risk factors. These findings pro-
vide novel insights into benchmarks and standards in the
clinical application of topical PDT.

Materials and methods

Patients

Patients with OLK who received topical PDT in the
Department of Oral Mucosal Diseases of the Affiliated
Stomatological Hospital of Nanjing Medical University
between January 2019 and October 2020 were recruited.
Ethics committee approval was obtained prior to com-
mencement of the study (PJ2019-115-001).
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Fifty patients with untreated OLK were included in
this study. The inclusion criteria were OLK patients clini-
cally diagnosed and verified using histology (including
hyperplasia and dysplasia), and aged 18-75 years [14, 15].
The exclusion criteria included a history of coagulopa-
thy, pregnancy, porphyria, uncontrolled severe systemic
illness such as heart disease, uncontrolled hyperten-
sion, severe liver and kidney injury, diabetes mellitus, or
malignancy, and a history of allergy to light, porphyrins,
or anesthetics [16]. All patients received guidelines limit-
ing smoking and alcohol consumption, and oral hygiene
instructions [15].

Treatment procedures

The number of irradiated spots was determined accord-
ing to the area of the lesion. An approximately 1 cm? cot-
ton piece was made with a sterile cotton swab for each
spot. This was dipped into prepared 20% 5-ALA gel
(Fudan Zhangjiang Bio-Pharmaceutical Co., Ltd., Shang-
hai, China) and used to cover the surface of the lesion;
lesions and the surrounding circumference (0.3-0.5 cm)
were completely covered. Cut rice paper (folded into
three to four layers) and plastic wrap were successively
used to cover the surface of the cotton piece, and then
fixed with sterile gauze under pressure for another 2 h.
Local infiltration anesthesia was administered with lido-
caine. The illumination parameters used were a He-Ne
laser (Leiyi Laser Technology Co., Ltd., Tianjin, China)
of 635 nm and 150-300 mW/cm?, irradiation time of
300 s, and irradiation in a dark environment. The treat-
ment course was three to four cycles with an interval of
7-14 days between each, depending on the healing of the
lesion [16].

Follow-up

Treatment response was typically recorded four weeks
after the last treatment and was followed up every 3
months for the first year and every 6 months thereafter
for up to 2 years. The treatment area was measured using
a periodontal probe and was recorded using a digital
camera. An experienced specialist in oral mucosal dis-
eases performed the clinical examinations that included
treatment response, side effects, clinical recurrence,
and malignant transformation. Follow-up records were
obtained using a chronic disease management service
platform for OPMDs.

Treatment response was classified as complete
response (CR, lesion disappearance), partial response
(PR, lesion reduction of more than 20%), and no response
(NR, lesion reduction of less than 20% or worsening) [16].
DNA ploidy analysis of exfoliated cells was performed
to evaluate the efficacy of topical PDT. A special brush
was used to rotate the biopsy site with a moderate force
10-15 times in the same direction; the brush was then
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placed in a preservation vial. The collected cells were
then subjected to DNA ploidy analysis.

Side effects were assessed by telephone follow-up
1 week after topical PDT, and clinical recurrence was
assessed at each follow-up visit except for the first visit.
If the lesion showed the possibility of malignant trans-
formation, a brush biopsy was done, and biopsy was per-
formed if necessary. Patients completed follow-up and
received treatment immediately if their lesions were con-
verted to oral squamous cell carcinoma (OSCC) at any
time during the study [17].

DNA ploidy analysis

DNA ploidy was assessed using an automated DNA
image cytometer (Landing Medical HingTech co., LTD,
Wuhan, China). The negative diagnose suggested DNA
euploid, whereas positive ones indicated that the DNA
content of cells>5c, or the hyperplasia cells from 2 to
4c accounting for over 10% of the total number of tested
cells or showing aneuploidy peak [18, 19].

Table 1 Demographics of patients who received topical
photodynamic therapy

Variable n (%) or
mean+SD

Overall (n=50)

Sex

Female 24 (48.0%)

Male 26 (52.0%)

Age (year) 55.5+12.7

Smoking history

Yes 27 (54.0%)

No 23 (46.0%)

Drinking history

Yes 32 (64.0%)

No 18 (36.0%)

Lesion location

floor of the mouth 20 (40.0%)

buccal mucosa 14 (28.0%)

margin surface of the tongue 5(10.0%)

palate 4 (8.0%)

gingiva 3 (6.0%)

dorsal surface of the tongue 2 (4.0%)

lip 2 (4.0%)

Lesion classification

Non-homogenous 16 (32.0%)

Homogenous 34 (68.0%)

Dysplastic pathology

Non-dysplastic 17 (34.0%)

Mildly dysplastic 20 (40.0%)

Moderately to 13 (26.0%)

severely dysplastic

Follow-up (month) 203+6.9
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Statistical analyses

SPSS 20 statistical software was used to analyze the
data. Data were presented as number (percentage) or
meantSD. Differences between groups were analyzed
with Student’s t test or X2 test. Logistic regression analy-
sis was applied to evaluate the odds ratio (OR) and the
association between variables, and the asymptotic 95%
confidence interval (CI) of the OR was calculated. P<0.05
was considered statistically significant.

Results

Demographic information

A total of 50 patients with OLK who met the inclu-
sion criteria and received topical PDT (26 males and
24 females, mean age 55.5+12.7 years) were included.
Twenty-seven patients (54%, 27/50) were smokers and
32 patients (64%, 32/50) were drinkers. Of the 50 lesions,
40% (20/50) were observed on the floor of the mouth, fol-
lowed by the buccal mucosa (28%, 14/50), margin surface
of the tongue (10%, 5/50), palate (8%, 4/50), gingiva (6%,
3/50), dorsal surface of the tongue (4%, 2/50), and lip (4%,
2/50). Thirty-four lesions were observed to be homog-
enous and 16 were non-homogenous; of these lesions,
34% (17/50) were non-dysplastic (hyperplasia), 40%
(20/50) were mildly dysplastic, 26% (13/50) were moder-
ately to severely dysplastic. Detailed demographics of the
patients are listed in Table 1.

Treatment response

After topical PDT, 68% (34/50) of patients with OLK
achieved a positive response, while 32% (16/50) did not
show any change. Among the 34 responders, six and 28
patients achieved CR and PR, respectively (Fig. 1). When
the oral tissue cytology of patients before and after treat-
ment was examined, DNA ploidy analysis showed a
reduction in aneuploidy after topical PDT in the patients
with dysplastic lesions (Figs. 2 and 3). There was no
change in aneuploidy after topical PDT in the patients
with non-dysplastic lesions (Figs. 4 and 5). These results
indicate that topical PDT has a positive effect on OLK
patients.

The response rate to topical PDT significantly differed
between homogeneous and non-homogeneous leukopla-
kia (P=0.041, Table 2), suggesting a better clinical benefit
in homogenous leukoplakia than in nonhomogeneous
leukoplakia. In contrast, the efficacy of topical PDT was
comparable among patients of different sexes, smoking
history, drinking history or dysplastic pathology (P>0.05,
Table 2).

Side effects

Oral pain and local ulcers were observed in 52% of the
patients (26/50) but were almost resolved within 2 weeks.
These clinical side effects were examined and related to
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Fig. 1 Representative pictures showing the different clinical outcomes. The oral leukoplakia lesion indicated a complete response (a-d) or a partial
response (e, f) to photodynamic therapy
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Fig. 2 Histopathological examination and DNA ploidy analysis in the patient with dysplastic lesion before treatment. (a) The pathological changes of OLK
before topical PDT were analyzed by hematoxylin-eosin (HE) staining (x100). Scale bar: 50 um. (b-e) Brush biopsy with DNA-image cytometry, exfoliated
cells taken from the margin surface of the tongue of a 56-year-old female subject
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Fig. 3 DNA ploidy analysis in the patient with moderate to severe dysplastic lesion after treatment. (a-d) Brush biopsy with DNA-image cytometry, exfoli-
ated cells taken from the margin surface of the tongue of that 56-year-old female subject
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Fig. 4 Histopathological examination and DNA ploidy analysis in the patient with non-dysplastic lesion before treatment. (a) The pathological changes
of OLK before topical PDT were analyzed by HE staining (x100). Scale bar: 50 um. (b-e) Brush biopsy with DNA-image cytometry, exfoliated cells taken

from the palate of a 53-year-old female subject

OLK history and classification, as patients with a long
history of OLK as well as those with non-homogenous
lesions were more likely to develop pain and ulcers
(P<0.05, Table 3). However, the side effect of topical PDT
was comparable among patients of different dysplastic
pathology (P>0.05, Table 3).

Clinical recurrence

During the 2-year follow-up period, 32% (16/50) of
patients with OLK relapsed. Recurrence was observed
in 16.7% (1/6) of the CR lesions, 46.4% (13/28) of the PR
lesions, and 12.5% (2/16) of the NR lesions. The char-
acteristics of the recurrence groups are presented in
Table 4. Univariate analysis showed that sex, smoking
and drinking history, and epithelial dysplasia were not
statistically significant between those with recurrence
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Fig. 5 DNA ploidy analysis in the patient with non-dysplastic lesion after treatment. (a-d) Brush biopsy with DNA-image cytometry, exfoliated cells taken
from the palate of that 53-year-old female subject

Table 2 Comparison of treatment responses in different patient groups

Characteristics

Treatment responses

CR PR NR P value
Total, n (%) 6 (12.0%) 28 (56.0%) 16 (32.0%)
Sex
Female 4(16.7%) 14 (58.3%) 6 (25.0%) 0452
Male 2 (7.7%) 14 (53.8%) 10 (38.5%)
Smoking history
Yes 2 (7.4%) 15 (55.6%) 10 (37.0%) 0473
No 4(17.4%) 13 (56.5%) 6 (26.1%)
Drinking history
Yes 2 (6.25%) 20 (62.5%) 10 (31.25%) 0.209
No 4(22.2%) 8 (44.4%) 6 (33.3%)
Lesion classification
Non-homogenous 1 (6.25%) 6 (37.5%) 9 (56.25%) 0.041*
Homogenous 5(14.7%) 22 (64.7%) 7 (20.6%)
Dysplastic pathology
Non-dysplastic 2(11.8%) 10 (58.8%) 5(29.4%) 0.636
Mildly dysplastic 1(5.0%) 12 (60.0%) 7 (35.0%)
Moderately to severely dysplastic 3 (23.08%) 6 (46.15%) 4(30.77%)

and those without (P>0.05, Table 4). Univariate analysis
of time to recurrence and Kaplan—Meier curves (Fig. 6)
indicated that buccal mucosa was a protective factor
against recurrence (P=0.044; OR: 0.108; 95% CI: 0.013—
0.915; Table 4).

Malignant transformation
During the follow-up, the cumulative
of malignant transformation was 4% (2/50).

incidence
The

clinicopathological parameters of each patient with
malignant transformation are presented in Table 5.

Discussion

Topical PDT has been proven effective for the treatment
of OLK. A systematic review showed that 7.7-90.9% of
lesions in patients treated with topical PDT had a com-
plete response, whereas 0-66.7% of lesions showed
a partial response. Overall, the complete and partial
response rates were 32.9% and 43.2%, respectively, with
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Table 3 Comparison of side effects in different patient groups
Characteristics Side effects

None or rough lesion texture Oral pain or local ulcer P value
Total, n (%) 24 (48.0%) 26 (52.0%)
OLK history (month) 6.2+50 17.1+9.3 0.017*
Lesion classification
Non-homogenous 4 (25.0%) 12 (75.0%) 0.009*
Homogenous 22 (64.7%) 12 (35.3%)
Dysplastic pathology
Non-dysplastic 9 (52.9%) 8(47.1) 0.715
Mildly dysplastic 10 (50.0%) 10 (50.0%)
Moderately to severely dysplastic 5 (38.5%) 8 (61.5%)

Table 4 Univariable analysis of risk factors for oral leukoplakia recurrence after topical photodynamic therapy

Characteristics Non-recurrence Recurrence Univariable analysis

Total, n (%) 34 (68.0%) 16 (32.0%) OR (95% Cl)

Gender P=0.846

Female 16 (66.7%) 8(33.3%) 1.0 (ref)

Male 18 (69.2%) 8(30.8%) 1.125(0.343-3.695)

Smoking history P=0.827

Yes 18 (66.7%) 9(33.3%) 1.0 (ref)

No 16 (69.6%) 7 (30.4%) 1.143 (0.346-3.777)

Drinking history P=0.632

Yes 21 (65.6%) 11 (34.4%) 1.0 (ref)

No 13 (72.2%) 5(27.8%) 1.362 (0.385-4.817)

Lesion location P =0.044%

Other location 21 (58.3%) 15 (41.7%) 1.0 (ref)

Buccal mucosa 13 (92.9%) 1(7.1%) 0.108 (0.013-0.915)

Dysplastic pathology P =0.408

Non-dysplastic 13 (76.5%) 4 (23.5%) 1.0 (ref)

Mildly dysplastic 14 (70.0%) 6 (30.0%) 1.393 (0.319-6.078)

Moderately to severely dysplastic 7 (53.8%) 6 (46.2%) 2.786 (0.583-13.305)

_ 100+ a combined response rate of 76.1% [20]. In this study, the

] - Buccal mucosa .

> — Others complete and partial response rates were 12% and 56%,

> 901 respectively, indicating a high overall response rate.

7 30- Despite this, the findings of patients who do not

- respond to topical PDT and those who relapse prove the

3 70 limitations of this therapy. Li et al. found that 0-59% of

o P=0.029 patients did not respond to topical PDT [20]. The non-

o 60 v T J response rate in this study was 32%, which is comparable
0 10 20 30

Follow up (months)

Fig. 6 Kaplan—Meier curves for time to recurrence indicated the signifi-
cance of the lesion location (P=0.029)

to the results of previous studies. Studies have shown
that non-response may be due to a variety of reasons. In
a study by Wong et al., the absence of response to topi-
cal PDT was attributed to a low-energy light source of
2—4 J/cm?, as the common energy used is approximately
100 J/cm? [21]. In addition, limited penetration depth of
the light source, large lesion areas, and incomplete treat-
ment can also contribute [22].

Table 5 Clinicopathological parameters of patients with malignant transformation

Gender Age(year) Smoking Drinking Lesion Dysplastic Malignant transformation time (month)
history history location pathology
1 Female 65 No No floor of the mouth  Severely dysplastic 3
2 Male 57 Yes Yes floor of the mouth ~ Moderately dysplastic 18
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Chen et al. found that after administrating topical PDT,
patients experiencing OLK lesions with mild or mod-
erate dysplasia exhibited a better response than those
without dysplasia due to wide intercellular spaces of the
dysplastic epithelium. This reduces the keratotic epithe-
lial surface and makes the epithelium in dysplastic lesions
thinner and more permeable [20]. However, this study
showed no significant difference among patients with
different dysplastic pathology, which could be due to the
small sample size. Moreover, this study found that topical
PDT performed better in treating homogeneous lesions
than non-homogeneous lesions, which was consistent
with most studies [23]. Non-homogeneous leukoplakia
has a higher malignant transformation rate than homo-
geneous leukoplakia because of epithelial dysplasia [24].
Non-homogeneous leukoplakia is more prone to moder-
ate and severe dysplasia than homogeneous leukoplakia,
leading to lower treatment efficacy.

OSCC is a continuous condition that includes atypical
hyperplasia, carcinoma in situ, and invasive carcinoma.
Brush biopsy and DNA aneuploidy detection have high
sensitivity and specificity for detecting malignant trans-
formation of the oral epithelium, using a painless and
non-invasive process that is easy to perform. Compared
with the standard “scalpel biopsy” diagnostic method,
the biopsy analysis of DNA has higher compliance. DNA
aneuploidy is an internationally recognized marker for
tumor cell transformation and is the cytological equiva-
lent of chromosomal aneuploidy [18, 25]. Through DNA
ploidy analysis, the condition of OPMD can be deter-
mined along with whether malignant transformation has
occurred [26]. The results of this study showed a reduc-
tion in aneuploidy after topical PDT in the patients with
dysplastic lesions, suggesting a downward trend in the
association between topical PDT and the evolution of
oral precancerous or malignant lesions.

The long observation period makes it possible to
monitor and identify the recurrence in treated sites. The
reported recurrence rate of OLK to topical PDT varied
from 0 to 41% over a follow-up period of 1-30 months
[27-29]. The 32% recurrence rate in this study was com-
parable to that reported in other studies. In addition,
buccal mucosal lesions showed a lower risk of recurrence
than other lesions. Pietruska et al. reasoned that topical
PDT was more effective for lesions on the cheek and lip
than for lesions on the tongue and gums [29]. We spec-
ulate that this may have resulted from less friction and
pressure during chewing [30]. Current strategies for OLK
surveillance include a “wait-and-watch” method and his-
topathological identification by biopsy, vital staining,
light-based techniques, cytology and molecular markers
[31]. However, the visual interpretation of OLK evolution
would be subjective, probably resulting in unnecessary
invasive manipulation and/or delays in OSCC diagnosis
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[32]. DNA ploidy analysis could be an effective noninva-
sive method to objectively surveillance the photodynamic
prognosis of high-risk OLK [33].

Topical 5-ALA application is more convenient than
intravenous photosensitizers for patients. In addition,
topical 5-ALA use can avoid hypotension caused by oral
5-ALA use in addition to avoiding systemic photosensiti-
zation caused by intravenous photosensitizers [34]. Most
studies using lasers reported side effects or adverse reac-
tions of the therapy. Patients usually suffered from burn-
ing, pain, tissue edema, and erythema in treated sites for
a period of time, and some developed ulcers and loss of
sensation [23]. The most common adverse effects of topi-
cal PDT observed in this study were pain and ulcers in
the treated area and surrounding tissues. Almost all the
patients tolerated these side effects. Pain or bleeding
from the ulcer interferes with medication use; there-
fore, for patients who do not recover within two weeks,
the treatment interval can be appropriately extended
[15]. Photofrin and Foscan are two photosensitizers that
are more effective than 5-ALA. They are usually used to
treat oral cancers rather than OPMDs because they have
higher penetration depth. These factors need to be taken
into account before applying PDT [35].

The World Health Organization Working Group
defines oral potentially malignant disorders (OPMDs) as
all clinical features with a risk of oral cancer formation,
which include oral leukoplakia, oral lichen planus, eryth-
roleukoplakia and oral verrucous hyperplasia [36]. The
primary goal of OLK is to prevent malignant transforma-
tion. The rate of malignant transformation in this study
was 4%, which is comparable to the rate of OLK malig-
nancy reported in other studies [37]. Owing to the short
follow-up time and relatively small sample size, the effect
of topical PDT on OLK malignant transformation could
not be assessed in this study. However, it should be noted
that both malignant changes occurred on the floor of the
mouth, which is considered a high-risk site of OLK [38,
39]. In addition, moderately to severely dysplastic lesions
were more likely to undergo malignant transformation
than mildly dysplastic lesions and non-dysplastic lesions.

Conclusion

In summary, topical 5-ALA-mediated PDT appears to
be an effective treatment for OLK, especially for homog-
enous leukoplakia, with few side effects. The buccal
mucosa may be a protective factor for reducing recur-
rence. The effect of topical PDT on malignant transfor-
mation should be further studied to improve its efficacy
for OLK treatment. Randomized controlled trials with
longer follow-up periods, standardized topical PDT
parameters, and comparisons of the efficacy of topical
PDT with various therapies are needed to obtain defini-
tive conclusions.
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Abbreviations
PDT photodynamic therapy

OLK oral leukoplakia

5-ALA 5-aminolevulinic acid

OPMDs  oral potentially malignant disorders
ROS reactive oxygen species

CR complete response

PR partial response

NR no response

0scC oral squamous cell carcinoma

OR odds ratio

cl confidence interval

Acknowledgements
The authors acknowledge and thank Keyi Wang, Yuping Zhao and Xuewei
Wang for providing clinical photographs of patients.

Author contributions

Y.W. contributed to the design of the study and wrote the manuscript; HT
constructed the figures and tables; KW, Y.Z. and J.X. collected data and sorted
data; Y.F. was responsible for the organization and revision of this manuscript.
All authors read and approved the final manuscript.

Funding

This work was supported by the Special Fund of Jiangsu Provincial Key
Research and Development Project (Social Development) (Grant No.
BE2021723) and the Priority Academic Program Development of Jiangsu
Higher Education Institutions (PAPD, 2018-87).

Data availability
All data analysed in this study are included in this published article.

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of the Affiliated Hospital
of Stomatology, Nanjing Medical University (PJ2019-115-001). All individuals
that participated in the study provided informed consent under the
approved guidelines set by the ethics committee at the Affiliated Hospital of
Stomatology, Nanjing Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 September 2023 / Accepted: 17 December 2023
Published online: 03 January 2024

References

1. Kumar A, Cascarini L, McCaul JA, Kerawala CJ, Coombes D, Godden D, et
al. How should we manage oral leukoplakia? Br J Oral Maxillofac Surg.
2013,51(5):377-83.

2. PettiS. Pooled estimate of world leukoplakia prevalence: a systematic review.
Oral Oncol. 2003;39(8):770-80.

3. Lianle B, Tseng YT, Su CC, Tsai KY. Progression of precancerous lesions to Oral
cancer: results based on the Taiwan National Health Insurance Database. Oral
Oncol. 2013;49(5):427-30.

4. LiuW, Wang YF, Zhou HW, Shi P, Zhou ZT, Tang GY. Malignant transformation
of oral leukoplakia: a retrospective cohort study of 218 Chinese patients. BMC
Cancer. 2010;10:685.

5. Awadallah M, Idle M, Patel K, Kademani D. Management update of potentially
premalignant oral epithelial lesions. Oral Surg Oral Med Oral Pathol Oral
Radiol. 2018;125(6):628-36.

6. Javed F, Samaranayake LP, Romanos GE. Treatment of oral fungal Infections
using antimicrobial photodynamic therapy: a systematic review of currently
available evidence. Photochem Photobiol Sci. 2014;13(5):726-34.

13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9 of 10

Neville BW, Day TA. Oral cancer and precancerous lesions. CA Cancer J Clin.
2002;52(4):195-215.

Alekseeva PM, Efendiev KT, Shiryaev AA, Rusakov MA, Simonova MS,
Samoylova S|, et al. Sublingual administration of 5-aminolevulinic acid for
laser-induced photodiagnostics and photodynamic therapy of oral cavity
and larynx cancers. Photodiagnosis Photodyn Ther. 2021;34:102289.

Lin L, Song C,Wei Z, Zou H,Han S, Cao Z, et al. Multifunctional photody-
namic/photothermal nano-agents for the treatment of oral leukoplakia. J
Nanobiotechnol. 2022,20(1):106.

YanY, Li Z Tian X, Zeng X, Chen Q, Wang J. Laser-assisted photodynamic
therapy in proliferative verrucous oral leukoplakia. Photodiagnosis Photodyn
Ther. 2022;39:103002.

Vohra F, Al-Kheraif AA, Qadri T, Hassan MI, Ahmed A, Warnakulasuriya S, et

al. Efficacy of photodynamic therapy in the management of oral pre-
malignant lesions. A systematic review. Photodiagnosis Photodyn Ther.
2015;12(1):150-9.

Chen HM, Yu CH, Tu PC, Yeh CY, Tsai T, Chiang CP. Successful treatment of oral
verrucous hyperplasia and oral leukoplakia with topical 5-aminolevulinic
acid-mediated photodynamic therapy. Lasers Surg Med. 2005;37(2):114-22.
Kubler A, Haase T, Rheinwald M, Barth T, Muhling J. Treatment of oral leuko-
plakia by topical application of 5-aminolevulinic acid. Int J Oral Maxillofac
Surg. 1998,27(6):466-9.

McCullough MJ, Prasad G, Farah CS. Oral mucosal malignancy and potentially
malignant lesions: an update on the epidemiology, risk factors, diagnosis and
management. Aust Dent J. 2010;55(Suppl 1):61-5.

HanY, Xu'S, Jin J,Wang X, Liu X, Hua H, et al. Primary clinical evaluation of
photodynamic therapy with oral leukoplakia in Chinese patients. Front
Physiol. 2018;,9:1911.

Chen Q Dan H, Tang F,Wang J, Li X, Cheng J, et al. Photodynamic

therapy guidelines for the management of oral leucoplakia. Int J Oral Sci.
2019;11(2):14.

Warnakulasuriya S, Ariyawardana A. Malignant transformation of oral
leukoplakia: a systematic review of observational studies. J Oral Pathol Med.
2016;45(3):155-66.

Ma JM, Zhou TJ, Wang R, Shan J, Wu YN, Song XL, et al. Brush biopsy with
DNA-image cytometry: a useful and noninvasive method for monitoring
malignant transformation of potentially malignant oral disorders. Eur Arch
Otorhinolaryngol. 2014;271(12):3291-5.

Alaizari NA, Sperandio M, Odell EW, Peruzzo D, Al-Maweri SA. Meta-analysis of
the predictive value of DNA aneuploidy in malignant transformation of oral
potentially malignant disorders. J Oral Pathol Med. 2018;47(2):97-103.
LiY,Wang B, Zheng S, He Y. Photodynamic therapy in the treatment of

oral leukoplakia: a systematic review. Photodiagnosis Photodyn Ther.
2019;25:17-22.

Wong SJ, Campbell B, Massey B, Lynch DP, Cohen EEW, Blair E, et al. A phase

I trial of aminolevulinic acid-photodynamic therapy for treatment of oral
leukoplakia. Oral Oncol. 2013;49(9):970-76.

Chen HM, Yu CH, Tsai T, Hsu YC, Kuo RC, Chiang CP. Topical 5-aminolevulinic
acid-mediated photodynamic therapy for oral verrucous hyperplasia, oral
leukoplakia and oral erythroleukoplakia. Photodiagnosis Photodyn Ther.
2007;4(1):44-52.

Zhang R, Gao T, Wang D. Photodynamic therapy (PDT) for oral leukoplakia: a
systematic review and meta-analysis of single-arm studies examining efficacy
and subgroup analyses. BMC Oral Health. 2023;23(1):568.

van der Waal |, Schepman KP, van der Meij EH. A modified classification and
staging system for oral leukoplakia. Oral Oncol. 2000;36(3):264-6.

Sun Z, Liu L, Wang C, Qian L, Yang J, Zhao Z, et al. Assessment of the cancer-
ization risk for oral potentially malignant disorders by clinical risk model com-
bined with autofluorescence and brush biopsy with DNA-image cytometry.
Eur Arch Otorhinolaryngol. 2019;276(9):2549-57.

Prime SS, Cirillo N, Cheong SC, Prime MS, Parkinson EK. Targeting the genetic
landscape of oral potentially malignant disorders has the potential as a
preventative strategy in Oral cancer. Cancer Lett. 2021,518:102-14.

Figueira JA, Veltrini VC. Photodynamic therapy in oral potentially malignant
disorders-critical literature review of existing protocols. Photodiagnosis
Photodyn Ther. 2017,20:125-29.

Ahn PH, Quon H, O'Malley BW, Weinstein G, Chalian A, Malloy K, et al. Toxici-
ties and early outcomes in a phase 1 trial of photodynamic therapy for pre-
malignant and early stage head and neck tumors. Oral Oncol. 2016,55:37-42.
Pietruska M, Sobaniec S, Bernaczyk P, Cholewa M, Pietruski JK, Dolifska E, et
al. Clinical evaluation of photodynamic therapy efficacy in the treatment of
oral leukoplakia. Photodiagnosis Photodyn Ther. 2014;11(1):34-40.



Wang et al. BMC Oral Health

30.

31.

32.

33.

34.

35.

(2024) 24:9

Mogedas-Vegara A, Hueto-Madrid JA, Chimenos-Kustner E, Bescos-Atin C.
The treatment of oral leukoplakia with the CO2 laser: a retrospective study of
65 patients. J Craniomaxillofac Surg. 2015;43(5):677-81.

Kerr AR, Lodi G. Management of oral potentially malignant disorders. Oral Dis.
2021;27(8):2008-25.

Li C, Wu'L, Deng Y, Shen X, Liu W, Shi L. DNA aneuploidy with image cytom-
etry for detecting dysplasia and carcinoma in oral potentially malignant
disorders: a prospective diagnostic study. Cancer Med. 2020;9(17):6411-20.
He MJ,Wang F, Zhang J, Tan YQ, Chen XJ, Zhou G, et al. Continuous artificial
intelligence-assisted DNA aneuploidy cytology for surveilling dysplastic oral
leukoplakia treated by photodynamic therapy. Photodiagnosis Photodyn
Ther. 2023;42:103588.

YaoY, Shen X, Shi L, Tang G, Wu L. The combination of photodynamic therapy
and fractional CO(2) laser for oral leukoplakia: Case series. Photodiagnosis
Photodyn Ther. 2020,29:101597.

Wang F, ShiY, Dong Y, Liu T, Dan H, Wang J, et al. Photodynamic therapy
combined with laser drilling successfully prevents the recurrence of refrac-
tory oral proliferative verrucous leukoplakia. Photodiagnosis Photodyn Ther.
2021,36:102564.

36.

37.

38.

39.

Page 10 of 10

Jin X, Xu H, Deng J, Dan H, Ji P, Chen Q, et al. Photodynamic therapy for
oral potentially malignant disorders. Photodiagnosis Photodyn Ther.
2019;28:146-52.

Lyu MY, Guo YS, Li S, Yang D, Hua H. Hospital-based epidemiological and
clinical characterisation of the malignant transformation of oral leukoplakia in
a Chinese population. Int Dent J. 2017,67(4):252-59.

Shearston K, Fateh B, Tai S, Hove D, Farah CS. Malignant transformation
rate of oral leukoplakia in an Australian population. J Oral Pathol Med.
2019,48(7):530-37.

Speight PM, Khurram SA, Kujan O. Oral potentially malignant disorders: risk
of progression to malignancy. Oral Surg Oral Med Oral Pathol Oral Radiol.
2018;125(6):612-27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Clinical evaluation of photodynamic therapy for oral leukoplakia: a retrospective study of 50 patients
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿Treatment procedures
	﻿Follow-up
	﻿DNA ploidy analysis
	﻿Statistical analyses

	﻿Results
	﻿Demographic information
	﻿Treatment response
	﻿Side effects
	﻿Clinical recurrence
	﻿Malignant transformation

	﻿Discussion
	﻿Conclusion
	﻿References


