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ABSTRACT:

Background: Oral leukoplakia is the most common oral potentially malignant disorder with a variable
risk of malignant transformation. Conventional treatments are associated with morbidity and
recurrence. Laser-assisted photodynamic therapy (L-PDT) has emerged as a minimally invasive

alternative.

peehranic therapy;Objective: To systematically evaluate the efficacy, safety, and clinical outcomes of laser-assisted

Lasers

photodynamic therapy in the management of oral leukoplakia.

Methods: Electronic searches of PubMed, Scopus, ProQuest, Google Scholar, and ClinicalKey were
conducted from 1998 to 2024. Clinical studies assessing L-PDT for oral leukoplakia were included.
Data on lesion response, recurrence, and adverse effects were extracted. Methodological quality was
assessed using MINORS and the Joanna Briggs Institute tools. Certainty of evidence was evaluated
using GRADE.

Results: Fourteen studies meeting the inclusion criteria which were conducted in clinical settings were
included. Various photosensitizers (e.g., ALA, methylene blue) and LASER parameters were utilized.
The overall treatment response rate was 76.1%, with recurrence ranging from 0% to 60%. Common
adverse effects were transient pain, ulcers, and swelling. Risk of bias assessments revealed that most
of the studies were of moderate quality, with five studies having low risk. According to the GRADE
assessment, the certainty of evidence was moderate in one study (an RCT), low in eleven studies, and
very low in two studies, primarily due to high risk of bias, small sample sizes, and lack of randomization
in most of the studies.

Conclusion: L-PDT demonstrates significant potential as an effective and well-tolerated treatment
modality for Oral leukoplakia. While preliminary outcomes are encouraging, the current body of
evidence is limited by low methodological quality. High-quality randomized controlled trials with
standardized protocols are needed to confirm its long-term efficacy and optimize treatment guidelines.
With ongoing advancements in LASER technology, photosensitizer formulations, and treatment
protocols, it is expected that the therapeutic outcomes will continue to improve, providing better
clinical benefits for patients.

1. Introduction

Oral Leukoplakia (OLK) is defined as a white patch or
plaque that cannot be characterized -clinically or
pathologically as any other disease and which is not
associated with any other physical or chemical causative
agent except the use of tobacco [1]. Oral Leukoplakia is
a common potentially malignant oral disorder with a high
risk of progressing to squamous cell carcinoma. The
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global incidence of Oral leukoplakia is 4.11% [2]. The
morbidity rate, as reported in the literature, ranges from
0.2% to 4.3% [3]. It is a common precancerous oral
lesion with a 7.7% to 38.1% malignant transformation
rate, influenced by factors like geographic location,
gender, tobacco use, lesion size, pathological type, and
grading of dysplasia. [4,5,6].
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Each year around 3,00,400 new cases of oral squamous
cell carcinoma (OSCC) and 1,45,300 cancer-related
deaths occur, with an average 5-year survival rate below
60% [7]. Oral cancer is a multifactorial process, preceded
in most cases by precancerous lesions which are
currently termed as potentially malignant disorders.[8].
Oral Leukoplakia is one such precancerous lesion which
can cause systemic health effects if left untreated and
literature has documented its associations with an
increased risk of upper gastrointestinal cancers [9,10].
Therefore, prompt treatment of Oral leukoplakia is vital.
Traditional methods for treating Oral Leukoplakia
include local drug application and local surgical
excision. However, these therapies have significant
drawbacks, including adverse drug effects and tissue
defects post-surgery. Therefore, cryotherapy, LASER
and photodynamic therapy (PDT)are emerging as
preferred treatment modalities gaining importance in
clinical practice [11,12].

Photodynamic therapy (PDT) is a non-surgical tool that
uses photosensitizing agents which accumulate
selectively in target tissue before the delivery of light
[13]. PDT involves 3-components such as light source,
photosensitizers, and tissue oxygen [14]. In the presence
of oxygen, interaction between a light source and
photosensitizer (PS) is stimulated, which produces
reactive oxygen species (ROS) [15]. The intracellular
cytotoxic ROS results in oxidative damage to microbial
cell walls along with pre-malignant and malignant cells
[16,17].

PDT offers several advantages over traditional
treatments like being less invasive, causing fewer side
effects than systemic medication, and more precise in
targeting the lesion thus preserving normal tissues.
Currently, PDT therapy has been widely used to treat oral
diseases, including leukoplakia [18-21]. This systematic
review synthesized the available evidence regarding the
efficacy, safety, and outcomes of LASER-assisted
photodynamic therapy (L-PDT) in the management of
Oral Leukoplakia.

This systematic review has addressed the following
question:

Is Laser assisted photodynamic therapy an effective
therapeutic alternative in the management of Oral
Leukoplakia in terms of clinical resolution,
histopathological improvement, recurrence rates, and
adverse effects?

2. Objectives

To systematically evaluate the efficacy, safety, and
clinical outcomes of laser-assisted photodynamic
therapy in the management of Oral Leukoplakia.
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3. Methods

Protocol and registration: The protocol was registered
in the International Prospective Register of Systematic
(PROSPERO) under CRD42024537944

Eligibility criteria: All Randomized, non-randomized
controlled trials and observational studies wherein PDT
was used to treat Oral Leukoplakia were included
provided they were fulfilling the inclusion criteria.
During the data search, no restriction was set to the study
setting and the time period of the studies.

Inclusion criteria:

1. Studies which included patients above the age
of 18 years, diagnosed with Oral Leukoplakia
confirmed by clinical examination and/or
histopathological diagnosis

2. Studies using all wavelengths of LASER-
assisted photodynamic therapy for the
management of oral Leukoplakia.

3. All photosensitizers, regardless of type or dose
or incubation time, or route of administration.

4. Articles published from 1998 to April 2024 in
the English language.

5. Original articles with one of the above-
mentioned designs that had been published in
scientific journals or included in grey literature
repositories

Exclusion criteria:

1. Studies conducted on animal subjects or in-vitro
studies.

2. All studies that utilized high-energy
wavelengths for photothermal and
photocoagulation effects.

3. Studies where Therapia extracorporeal (PUVA,
UVB) was used.

4. Studies which included potentially malignant
lesions including the oropharynx, skin, face,
scalp, or extremities (extra-oral mucosal
lesions);

5. Studies which included PDT and antibacterial
action in patients with peri-implantitis;

6. Studies with PDT cost analysis vs other
therapies;

7. Studies with molecular and genetic changes.

8. Case reports, letters to the editor, review
articles, systematic reviews, literature reviews,
analytical studies, experimental studies, articles
that do not focus on the topic, and scientific
articles with incomplete or inaccessible text,
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studies that did not involve the use of PDT and
those without valid data.

PICOS for the study was defined and is described in
Table 1

Table 1: PICOS

Population This systematic review includes
studies with patients above the age of
18 years, diagnosed with Oral
Leukoplakia confirmed by -clinical
examination and/or histopathological
diagnosis.

Intervention | LASER-assisted photodynamic
therapy for the management of oral
Leukoplakia.

Comparison | Not applicable.

Outcomes Efficacy of clinical response, such as

complete response (CR), partial
response (PR), no response (NR), and
recurrence rate (RR).

All randomized, non-randomized
Study design | controlled  trials,  observational
studies, case series involving patients
diagnosed with Oral Leukoplakia,
evaluating clinical efficacy of
photodynamic therapy and under
low-level LASER therapy (LLLT),
published in scientific journals and
grey literature were included.

Information sources:

A comprehensive search of the scientific literature was
conducted without any restrictions for the study setting
and time period till September 31, 2024, in the following
databases and repositories: PubMed, Google Scholar,
ProQuest, Scopus, Clinical Key, and Research
repository. The literature search was performed by two
independent researchers, with studies limited to patients
diagnosed with Oral Leukoplakia who underwent laser-
assisted photodynamic therapy. To ensure the saturation
of literature, the reference lists of included studies
identified through the search were also searched. The
author’s personal files were also explored to make sure
that all relevant data pertaining to the study was captured.

Search strategy:

The literature search strategy was developed using
medical subject headings (MeSH) and text words related
to Oral Leukoplakia, Photodynamic therapy, and Low-
level laser therapy. This involved a combination of the
following keywords adapted to each database with
“AND”, “OR”, or a combination of these Boolean
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operators wherever applicable. The following filters
were used only in their respective databases-Human —
PubMed; All text-Google scholar; Full text — Scopus; All
text —Clinical Key; Full text— ProQuest. (Table 2)

Table 2: Search string

1 | "Photodynamic therapy" AND "Oral leukoplakia"

2 | "Photodynamic therapy" AND "Oral dysplasia"

"Photodynamic therapy" AND "Leukoplakia"

"Photodynamic therapy" AND "Oral potentially
4 | malignant disorder"

"Photodynamic therapy" AND "Oral -erythro-
leukoplakia"

"Laser therapy" AND "Oral leukoplakia"

"Laser therapy" AND "Oral dysplasia"

0 |3 [N |

"Laser therapy" AND "Leukoplakia"

"Laser therapy" AND "Oral potentially
9 | malignant disorder"

10 | "Laser therapy" AND "Oral erythron-leukoplakia"

"Photodynamic therapy" AND "Laser therapy"
11 | AND "Oral leukoplakia"

"Photodynamic therapy" AND "Laser therapy"
12 | AND "Oral dysplasia"

"Photodynamic therapy" AND "Laser therapy"
13 | AND "Leukoplakia"

"Photodynamic therapy"” AND "Laser therapy"
14 | AND "Oral potentially malignant disorder"

"Photodynamic therapy"” AND "Laser therapy"
15 | AND "Oral erythro-leukoplakia"

Selection process:

The included studies were assessed by two observers, to
determine whether they met the eligibility criteria. The
full-text articles were read thoroughly, and any disputes
were resolved by a third reviewer, VJ. In order to remove
duplicates and manage references and bibliographies, the
Mendeley desktop application version 1.19.8 was used.

Data collection process and data items:

The review team developed a standardized data
extraction sheet in Microsoft Excel (2007) format that
was used independently by 2 authors to collect data from
each study, which was combined later, and any
disagreement was resolved by discussion with a third
reviewer. Items included for extracting the data were: -
Author’s name, Geographic area, year of publication,
study design, sample size, age group, clinical type,
pathological classification, site of the lesion,
treatment/interventional group, comparison group,
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follow up period, study outcome- Resolution of lesion,
adverse effects, recurrence rate and parameters used.

Study risk of bias assessment:

Risk of bias assessment for included studies was done by
2 authors. Non-Randomized control trials with the help
of the Methodological Index for Non-Randomized
Studies (MINORS) that utilized the risk of bias (ROB)
assessment tool [22]. The Joanna Briggs Institute (JBI)
critical appraisal checklist, developed by the Faculty of
Health Sciences at the University of Adelaide, was used
to assess bias in observational studies, case series [24],
and Randomized controlled trials [23]. To resolve any
disagreement, a third reviewer was consulted.

Certainty assessment:

To determine whether the true effect of photodynamic
therapy (PDT) for oral leukoplakia lies within a clinically
meaningful range or exceeds relevant clinical thresholds,
the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) [25] approach
was employed. This structured framework ensured
transparent and consistent appraisal of each study's
methodological rigor, risk of bias, directness,
consistency, precision, and publication bias, thereby
supporting the development of informed clinical
recommendations in the context of evidence-based
medicine.

4. Results

The search strategy yielded a total of 29,963 results from
5 databases. All titles were screened, excluding those that
were out of the scope of review and those not written in
the English Language, 179 articles were selected after
title screening. After eliminating duplicates and
screening abstracts, 28 articles were selected for full-text
screening, out of which 14 were eligible for full-text
review and analysis. Fourteen studies were excluded,
including 2 in vitro studies, 3 review articles, and 9
studies not involving lasers, of which 7 used LED and 2
used cryotherapy. (Figure 1)

Study Characteristics

Based on the search strategy, 14 eligible articles were
included in this review [26—39]. The characteristics of
these studies are summarized in Table 3.

Study Design & Setting: All studies included were
clinical investigations conducted across eight different
countries. The included studies comprised of randomized
controlled trials (n = 2) [28], retrospective studies (n = 2)
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[26,27], prospective nonrandomized studies (n = 9)
[29,30,33—-39], and two case series [31,32].

Participants: A total of 760 patients were included in the
review, comprising 481 men and 279 women; the gender
of participants in one study was not reported. The age of
participants ranged from 20 to 98 years. Based on the
geographic location of the studies, two each were
conducted in Russia [26,30], China [27,29], India
[28,32], and Taiwan [36,37]; one study each was
conducted in the United Kingdom [35], Germany [39],
and Italy [31]; and three studies were conducted in
various European countries [33,34,38].

Site of Lesions: Fourteen studies reported the sites of
lesions, which included the buccal and labial mucosa,
tongue, palate, gingiva, floor of the mouth, buccolingual
sulcus, retromolar area, and alveolar ridge.

Diagnosis: Nine studies [27,29,32,34-39] included
histopathologically ~ confirmed cases of Oral
Leukoplakia, which were categorized under no
dysplasia, mild dysplasia, moderate dysplasia, moderate
to severe dysplasia, and severe dysplasia.

Characteristics of interventions

The primary intervention assessed was Laser-assisted
photodynamic therapy (PDT). Four studies used
additional modalities such as Vitamin A [28], argon-
pumped dye laser [34], and light-emitting diode (LED)
therapy [36,37]. (Table 4)

Lasers:

Of the 14 intervention studies evaluated, laser radiation
was used as a light source with different active
ingredients (argon, diode, xenon, helium/neon). The
wavelengths ranged between 628 nm and 940 nm, with
the majority between 630 nm and 635 nm. Energy
fluence, power density, and duration of irradiation
ranged between 20 and 200 joules per square centimeter
(J/em?), 7 and 500 milliwatts per square centimeter
(mW/cm?), and 120 and 1000 seconds (s), respectively.
Most researchers selected 100 J/cm?, 100 mW/cm?, and
1000 seconds as their parameters. Two studies reported
laser power output as 300 mW?3 and 0-1200 mWE3®!
(milliwatts). (Table 4)

Photosensitizers:

Among 14 studies, 10 studies [27, 29, 31, 32, 34, 35, 36,
37, 38, 39], aminolevulinic acid (ALA) (10-20%) was
used as a photosensitizer (PS), while another study used
methylene blue [28] and three studies used chlorin-e6
[26, 30, 33]. Eleven studies reported the frequency of
PDT application. The frequency of application was
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onetime, once every two weeks, once a week, and twice
a week [26-28,30-34,36-38]. In studies using topical
application of PS, pre-activation time ranged from 5
minutes to 5 hours, while it was 48 hours in one study
using intravenous administration. (Table 4)

Treatment regimens: Outcomes

Lesion response was the primary outcome variable
assessed across all studies. The outcomes were
categorized into complete response (CR), partial
response (PR), and no response (NR). Outcome
assessment methods varied slightly but were
predominantly based on clinical evaluation and
histopathological examination [26-39]. Complete
response was reported in a range of 7.7%-90.9% of
lesions [26,29-32,34-39], partial response in 0%—66.7%
[26-39], and no response in 0% [30,31,36,37]. Overall,
the combined rates of complete and partial response
across all studies were 32.9% and 43.2%, respectively,
amounting to a total response rate of 76.1%. The follow-
up duration ranged from 5 weeks to 7.3 years.

Recurrence

Thirteen studies [26-32, 34-39] reported the recurrence
rate in oral leukoplakia patients treated with PDT,
ranging between 0 and 60%, and mostly below 20%, One
study did not report on recurrence [33].

Adverse effects

All the included studies reported local adverse effects.
Pain [26,27,29,30,34,35,38], ulcers [27, 29], swelling
[30], burning sensation [39], erythema [34,38], edema
[34,38], photosensitivity reaction [35] and secondary
infection [38] were reported in a few studies.

Risk of bias in studies:

The assessment of the quality of included studies was
performed independently by 2 authors. In case of
disagreement, among which one author acted as a
moderator to achieve a consensus.

Quality assessment of Non-Randomized Controlled
trials:

Of the 14 studies that were included, 11 were categorized
using the Methodological Index for Non-Randomized
Studies (MINORS) [26,27,29,30, 33-39]. The risk of bias
assessment within each study is mentioned in the form of
tables subsequently. The single-arm interventional
studies were given a score for 8 items, and the maximum
score that could be given was 16. The studies which have
a comparative group were given a score for 12 items, and
the maximum score that can be given is 24. Quality
assessment: A score of less than 8 is considered poor
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quality, 9-14 is moderate quality, and 15-16 is good
quality in the case of non-comparative studies. Studies
are graded as very low quality (0—6), low quality (7-10),
fair quality (11-15), good quality (16-20), and high
quality (>20) in case of comparative studies.

Overall risk of Bias:

Out of the 11 studies, eight were single-arm
interventional studies [26,27,29,30,33-39] and three
studies were comparative studies [34,36,37]. 5 studies
were at an overall low risk of bias (High quality)
[30,33,35,38,39] and the remaining 6 studies were at an
overall moderate risk of bias (moderate quality)
[26,27,29,34,36,37]. Risk of bias as seen in Figure 2.

Quality assessment of Randomized Controlled trials and
Case series:

Joanna Briggs Institute (JBI) Critical Appraisal was used
for included Randomized controlled trials [24] and
Observational studies [23]. A high risk of bias was
adjudged when a positive response was < 49%, a
moderate risk of bias was adjudged when a positive
response was between 50% and 69%, and a low risk of
bias was adjudged when a positive response was above
80%. Based on the above-mentioned criteria, one
randomized controlled trial [28] and two case series
[31,32] were of moderate quality and high quality as
depicted in Figures 3 and 4, respectively.

Certainty Of Evidence (According to GRADE
Method)

According to the GRADE framework, the overall
certainty of evidence for photodynamic therapy (PDT) in
the treatment of Oral Leukoplakia ranges from very low
to moderate, depending on study design, risk of bias, and
reporting quality. (Table 5) Based on the quality
appraisal, one study (Bhandari et al., 2023) was rated as
having moderate certainty of evidence. Ten of the
remaining studies were non-randomized, observational,
or single-arm and suffered from limitations such as lack
of randomization, no blinding, small sample sizes, and
unclear publication bias. Low certainty of evidence was
found in: Jerjes et al. [35], Kawczyk-Krupka et al. [34],
Artsemyeva&Tzerkovsky [26], Wang et al. [27], Lin et
al. [36], Yu et al. [37], Sieron et al. [38], Kiibler et al.
[39], Han et al. [29], Istomin et al. [30], Pietruska et al.
[33]. These studies were relegated due to high risk of bias
(lack of control group, randomization, or blinding),
serious imprecision, and unclear publication bias.Very
low certainty of evidence was noted in: Gaimari et al.
[31], Selvam et al. [32]. These were case series or poorly
reported observational studies with very small sample
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sizes, no control group, and high risk of bias, resulting in
the lowest level of certainty according to GRADE.

Figure 1: PRISMA flowchart depicting study selection
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Table 4: Characteristics of interventions
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Group 1
i]?s(;r)led Group 1 | Group
Kawezyk et | Group 2 | GO%ALA) 1 1:630.Gr | ) 100 NA 900 6-8 sessions
al (Argon Group 2 | oup 2
(10%ALA) | :635
pumped
dye laser)
Diode ALA 100—
Jerjes et al laser ,mTHPC 628, 652 | NA 200, 20 NA NA NA
Diode
laser/LE
Lin et al D 20% ALA 635 100 100 0-1200 1000 6 sessions
LED/
Diode
Yu et al laser 20% ALA 635 100 100 NA 1000 5 sessions
Argon
Sieron etal | dyelaser | 10% ALA 635 150 100 NA 900 6-8 sessions
Argon
Kubler et al | dyelaser | 20% ALA 630 100 100 NA 1000 NA

PS: photosensitizer; ALA: aminolevulinic acid; LED: Light Emitting Diode.

Figure 2: Quality assessment (Risk of bias within studies) using Methodological Index for Non-Randomized Studies
(MINORS) [22]
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Figure 3: Assessment of risk of bias of included studies utilizing the Joanna Briggs Institute (JBI) critical appraisal tool
for randomized controlled trials [24]
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Figure 4 Assessment of risk of bias of included studies utilizing the Joanna Briggs Institute (JBI) critical appraisal tool for
case series [23]
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Table 5: GRADE evidence profile (EP) for the 14 studies included in the systematic review

Study Outcom Study Limitation Inconsist | Indirectn | Imprecisi | Publication | Relative Absolute | Overall
e design (Risk of | ency ess on Bias Effect Effect Quality
Bias)
Serious (High
risk;
Non- retrospective,
Artsemyeva | Lesion randomized | no
Tzerkovsky | resolutio | retrospectiv | control/blindi | Not 110
(2024)[26] | n e(n=223) | ng) serious Moderate | Serious Unclear Not reported CR:81.6% | O Low
Non-
randomized Serious (High
. i
retrospectiv | single arﬁl, No.t Moderate | Serious Unclear Not reported CR: 70% 00
e serious O Low
. . small sample)
Wang et Lesion observation
(2024) [27] | response | al (n=50)
rLezSolﬁElo Moderate Serious MB-PDT: | ®O®
Bhandari et n RCT (n = | (Unclear Not Not (small Unclear Not reported 95% vs. | O
(2023) [28] récurrenc 40) randomization/ | serious serious sample, Vit A: | Moderat
. blinding) no CI) 75% e
Non-
randomized Serious (non- | Not
(};?)1}9) [eztg] ;:?ggse gncoclllit;?ii randomized, applicabl | Moderate | Serious Unclear Not reported gsR é% %ei?w
small sample) e
study (n =
29)
Non-
randomized
Lesion Uncontrolle
response | d  clinical | Serious (No
Istomin et { (complet | study (n = | control/ Not CR: &11@)
(2016) [30] | e/partial) | 40) blinding) serious Moderate | Serious Unclear Not reported 86.7% O Low
Treatme Serious 10]@)
Gaimari et { nt case series | (small Not CRin35| QO Very
(2016) [31] | response | (n=15) sample) serious Moderate | Serious Unclear Not reported | patients Low
Treatme Serious 10]@)
Selvam et { nt case series | (small Not All lesions | O Very
(2015) [32] | response | (n=15) sample) serious Moderate | Serious Unclear Not reported | responded | Low
Non-
randomized
Uncontrolle | gerious (non-
d clinical | 3ndomized CR:
Pietruska et { Respons | study (n = uncontrolleé, Not 65.2%, 1]@)
(2014) [33] | erate 23) no blinding) serious Moderate | Serious Unclear Not reported PR:34.8% | O Low
Compari
son PDT | Non-
Kawczyk- VS. randomized | Serious (non- PDT provides | CR-PDT:
Krupka et { Cryother | controlled randomized, no | Not better lesion | 68% vs. | ®BO
(2012) [34] | apy (n=48) blinding) serious Moderate | Serious Unclear clearance Cryo:45% | O Low
Non-
randomized
clinical
trial, Serious ( no
Jerjes et Recurren | prospective | control, no | Not Recurrenc | @O
(2011) [35] | ce (n=147) blinding) serious Moderate | Serious Unclear Not reported | e: 16% QO Low
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Lesion Non- Seri
. randomized crious
Lin response (single-arm, no | Not . CR: @)
(2010)[36] | (OVH & uncontrolli blinding or | serious Moderate | Serious Unclear Not reported 93.75% O Low
OEL) g Os)tu dy (n - comparator)
Non- LED:
. randomized | Serious (no igni %,
Yuetal. (200 Lesion | olled | blinding, small | oL Moderate | Serious | Unclear No significant | 85%, o900
[37] response | o (n = | groups) serious difference Laser: O Low
46 lgsions) 84.6%
Non-
Sieron et § Lesion randomized | Serious (small | Not . CR: a0
(2003) [38] | response | single-arm | sample) serious Moderate | Serious Unclear Not reported 63.3% O Low
(n=12)
Non-
Kiibler et § Lesion randomized | Serious (Very | Not . . cqo o0
(1998) [39] | response | single-arm | small sample) serious Moderate | Serious Unclear Not reported CR: 58% O Low
(n=12)

5. Discussion

Oral cancer is among the most common malignancies in
India, accounting for nearly one-third of global
cases.[40] Most are preceded by oral potentially
malignant disorders (OPMDs), with leukoplakia being
the most prevalent, largely linked to tobacco use, alcohol,
and HPV.[41] The global prevalence of oral leukoplakia
ranges from 1% to 5%, while in India, it is higher (2%-—
7%) due to widespread tobacco use.[42,43] Malignant
transformation occurs in 1%-20% of cases, especially in
dysplastic lesions.[44] Despite various treatments, strong
evidence for preventing transformation or recurrence is
lacking.[45] Early detection is vital, driving interest in
newer, minimally invasive treatments like laser-assisted
photodynamic therapy (L-PDT), which show promising
results with lower morbidity.[46,47]

The potentially malignant nature of oral Leukoplakia
necessitates effective therapeutic interventions to prevent
malignant transformation.[47] Conventional treatment
modalities, including surgical excision and cryotherapy,
have shown variable success rates and are often
associated with recurrence and morbidity.[48] L-PDT
emerges as a promising non-invasive alternative,
offering targeted treatment with minimal adverse effects.

The findings from various studies on laser-assisted
photodynamic therapy (L-PDT) highlight its promising
potential in the management of oral leukoplakia,
particularly in dysplastic lesions. Across the 14 included
studies, complete response (CR) rates ranged from 7.7%
to 95%, with an overall pooled clinical response rate of
76.1%. High CR rates were particularly noted in studies
using diode and He-Ne lasers in combination with
photosensitizers such as Chlorin-e6, 20% ALA, and

2255

Methylene Blue. For example, Artsemyeva et al. [26] and
Bhandari et al. [28] reported outstanding CR rates of
95%, suggesting excellent efficacy under optimal
parameters.

In contrast, lower CR outcomes, such as the 12%
reported by Wang et al., [27] underscore the variability
in treatment effectiveness, which can be attributed to
differences in lesion characteristics, study design,
photosensitizer type, wavelength, power density, and
irradiation duration. These treatment variables likely
affect tissue penetration and photosensitizer activation,
ultimately influencing clinical outcomes. Despite this
variability, the overall data support L-PDT as a
potentially effective first-line or adjunctive therapy,
especially when tailored to individual lesion profiles and
optimized treatment protocols.

Recurrence rates following PDT ranged from 0% to 60%,
though most studies reported rates below 20%. This
variability is likely due to differences in lesion severity,
photosensitizers used, treatment protocols, patient
factors, and follow-up duration. Notably, Bhandari et al.
[28] reported 0% recurrence, while Wang et al. [27]
observed 32%. Most studies also reported minimal, self-
limiting adverse effects, supporting the favorable safety
profile of PDT compared to invasive treatments.
Extended follow-up is essential to better understand
long-term efficacy and recurrence risk.

Laser parameters, especially wavelength, energy fluence,
and power density, played a critical role in determining
the success of L-PDT. Wavelengths ranging from 632
nm to 940 nm were employed across studies, with the
majority favoring the lower end of the spectrum. The
shorter wavelengths, such as 632 nm, offer better tissue
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penetration and are more effective in selectively
targeting  photosensitizers, which can improve
therapeutic ~ outcomes. = However, the  optimal
combination of wavelength, energy fluence, and power
density remains unclear, emphasizing the need for
standardized protocols to guide clinicians in achieving
the best results.

An analysis of the methodological quality of the included
studies revealed varying levels of rigor. While studies
like those of Artsemyeva et al.,[26] Wang et al.,[27] and
Han et al. [29] although were adhering to well-
established guidelines for reporting study endpoints,
inclusion criteria, and follow-up periods, -certain
methodological inconsistencies were evident in aspects
such as randomization, blinding, and statistical analysis.
Particularly in retrospective studies, there were issues
with biases that could have impacted the interpretation of
results. Conversely, randomized controlled trials
(RCTs), such as the one by Bhandari et al.,[28] showed
clearer evidence of minimized bias through transparent
randomization processes and statistical analyses.

While the clinical outcomes are promising, the certainty
of evidence, assessed using the GRADE approach—
ranged from very low to moderate. Many were limited
by small sample sizes, lack of control groups, absence of
blinding, and unclear or missing reporting on study
protocols or registration. These factors contributed to a
downgrading of the certainty of evidence due to a serious
risk of bias, imprecision, and suspected publication bias.

Despite the positive outcomes demonstrated in most
studies, some limitations remain. These include small
sample sizes, heterogeneity in study designs, and the
absence of long-term follow-up in some cases.
Additionally, the variation in treatment protocols and
outcome assessment methods across studies adds a layer
of complexity when comparing results and drawing
definitive conclusions.

Limitations

While Laser-assisted Photodynamic Therapy (L-PDT)
shows promise in treating oral lesions, its effectiveness
varies due to differences in laser type, photosensitizer,
and lesion characteristics. Studies report inconsistent
complete response rates, reflecting data heterogeneity.
Methodological limitations, such as small sample sizes,
varied study designs, lack of blinding, and inconsistent
protocols, undermine the reliability of findings. These
heterogeneities also hinder meta-analysis and the
development of standardized clinical recommendations.
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Recommendation

To address these limitations, future research in L-PDT
should focus on several key areas:

1. Larger, Multicenter Randomized Controlled
Trials (RCTs): Large-scale trials with diverse
patient populations and consistent protocols
would provide more reliable and generalizable
findings.

2. Standardization of Treatment Parameters:
A clearer understanding of optimal laser
parameters (wavelength, energy fluence, and
power density) is essential. Standardized
protocols will help reduce variability in clinical
outcomes.

3. Long-term Follow-up: Incorporating longer
follow-up periods into studies would help
assess the sustainability of L-PDT's effects and
recurrence rates over time.

4. Improved Methodological Rigor: More
rigorous study designs, such as transparent
randomization and comprehensive statistical
analysis, would minimize biases and enhance
the robustness of the results.

Implications for Practice and Research

Photodynamic therapy (PDT) appears to be a promising
treatment modality for oral leukoplakia, demonstrating
favorable lesion resolution rates across most studies.
Based on the findings from the included studies, PDT
may offer a non-invasive, safe, and effective alternative
to conventional treatments such as surgery or
cryotherapy, particularly in early-stage lesions.

Despite encouraging preliminary results, the majority of
the evidence is derived from non-randomized,
observational studies, with only one randomized
controlled trial identified. This limits the certainty and
generalizability of the current evidence. Nevertheless,
reported outcomes—including high lesion clearance
rates, low recurrence in some studies, and minimal
adverse events—suggest the potential clinical utility of
PDT in managing oral leukoplakia.

The certainty of evidence, as assessed using the GRADE
approach, ranged from very low to moderate, indicating
a need for caution in clinical decision-making. However,
these findings provide valuable insights and form a basis
for further investigation.

Such studies would enhance the quality of evidence and
help establish PDT as a standard therapeutic option in
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clinical practice for Oral leukoplakia and potentially
other oral premalignant disorders.

Conclusion

L-PDT holds considerable promise as a safe and
effective treatment for oral lesions, showing particularly
favorable outcomes in specific settings, such as when
using diode and He-Ne lasers combined with certain
photosensitizers like Chlorin-e6 or ALA. Although
variability in treatment success and recurrence rates
remains a concern, the overall safety profile, with only
transient side effects like pain and ulcers, supports its
continued use. With ongoing advancements, the
treatment’s effectiveness is likely to improve, offering
better outcomes for individuals with oral lesions.
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