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Highlights
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» Photobiomodulation therapy significantly reduces the incidence, severity and duration of cancer therapy-induced
oral mucositis while improving pain control and overall patient quality of life.

* Both preventive and therapeutic protocols show excellent safety, allowing chemotherapy, radiotherapy, or stem cell
transplantation to proceed without interruption or treatment delays.

* International guidelines (MASCC/ISOO, WALT, NICE) as well as the Polish Society for Laser Dentistry recommend
photobiomodulation as standard supportive care for oncology patients at high risk of oral mucositis.

* The use of standardized laser parameters and thorough documentation supports reproducible outcomes and optimal
clinical effectiveness in both adult and pediatric populations.

Introduction

Rationale

Oral mucositis (OM) represents one of the most debili-
tating and clinically significant complications of cancer
therapy, affecting the oral and gastrointestinal mucosa
and carrying potentially life-threatening consequences.!
This inflammatory condition, characterized by erythema,
edema and ulceration of the mucous membranes lining
the oral cavity, occurs as a direct result of the cytotoxic
effects of chemotherapy (CT) and radiotherapy (RT) on
rapidly dividing epithelial cells.> The clinical manifesta-
tions of OM range from mild discomfort and erythema to
severe confluent ulcerations that can prevent oral intake,
necessitate narcotic analgesics and require parenteral
nutrition.*8 The epidemiological burden of OM is substan-
tial and varies significantly based on treatment modality
and patient characteristics. Mucositis contributes to pro-
longed hospitalization, higher infection rates, and delays
or reductions in CT. Excluding high-risk cases such as
hematopoietic stem cell transplantation (HSCT) and RT,
the incidence of this condition ranges from 5% to 15%. Up
to 40% of patients receiving 5-fluorouracil (5-FU), with
or without leucovorin, develop OM, with 10-15% of these
cases being classified as severe. Irinotecan has been
associated with severe gastrointestinal mucositis in over
20% of patients. In bone marrow transplant recipients,
OM is reported in 75-85% of cases and is frequently the
most severe side effect of the treatment. Melphalan-based
regimens are particularly associated with high rates of the
condition.”~'® The clinical and economic impact of OM
extends far beyond the immediate discomfort experienced
by patients. This condition has a significant influence
on quality of life, disrupting normal oral functions such as
eating, swallowing and speaking. Furthermore, it has
been identified as a portal for potentially life-threatening
infections.!* The healthcare burden is considerable, with
OM-related complications contributing to increased
hospitalization rates, extended length of stay, and substan-
tial healthcare costs.!” Despite the advances in supportive
care and increased understanding of the pathophysiology

of mucositis, effective prevention and management strat-
egies remain limited.!~!° The condition involves a com-
plex, multi-phase pathological process including initial
tissue injury, inflammatory amplification, ulceration with
bacterial colonization, and eventual healing phases. This
complexity, in conjunction with the heterogeneity of can-
cer treatments and patient populations, has rendered
the development of universally effective interventions
challenging.

Oral mucositis grading scale

The World Health Organization (WHO) scale is a stan-
dardized tool used to assess the severity of OM by com-
bining both subjective symptoms and objective clinical
findings.!® This grading system ranges from 0 to 4, with
grade 0 indicating no signs of OM. Grade 1 is character-
ized by erythema and soreness without ulceration.
Patients with grade 2 OM typically present with ulceration,
yet are still able to consume solid foods. Grade 3 involves
ulcers severe enough to require a liquid diet due to pain
or difficulty chewing and swallowing. Grade 4 is the most
severe stage, where extensive ulceration makes oral alimen-
tation impossible. This scale is widely used in clinical and
research settings for the evaluation of treatment effects
and the guidance of patient care.'’

Objectives

The aim of this umbrella review was to systematically
collect, evaluate and synthesize the highest level of exist-
ing evidence from systematic reviews and meta-analyses
on the use of laser therapy for the prevention and man-
agement of OM in cancer patients. Specifically, the review
sought to assess the clinical effectiveness of various laser
modalities in reducing the incidence, severity, duration,
and pain associated with mucositis, and to evaluate the
consistency of findings across different patient popula-
tions and treatment protocols. By consolidating current
evidence, the study intends to inform clinical guidelines
and support evidence-based recommendations by the
Polish Society for Laser Dentistry (PTSL).
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Material and methods

This study was carried out in accordance with the
Joanna Briggs Institute (JBI) framework for umbrella
reviews and was registered with PROSPERO (ID:
CRD420251119913).20

PICO question

The following PICO question was formulated: In
patients experiencing or at risk of OM (Population), does
laser therapy (Intervention), as compared to standard care
or no laser treatment (Comparison), lead to improved
clinical outcomes such as reduced severity, duration or
pain (Outcome)??!

Search strategy

This umbrella review was conducted according to the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) 2020 guidelines to ensure
transparency and methodological rigor?? A systematic
and comprehensive search of several major electronic
databases, including PubMed®/MEDLINE, Embase, Scopus,
and Cochrane Library, was conducted in July 2025 to
identify systematic reviews and meta-analyses evaluating
the use of laser therapy in the prevention or management
of OM. Three independent reviewers performed the lit-
erature search using a carefully constructed combination
of Medical Subject Headings (MeSH) and keywords related
to OM and laser treatment. Studies published in English
up to July 1, 2025, were included. The two-phase screening
process involved an initial screening of titles and abstracts,
followed by a full-text assessment by 3 independent
reviewers using clearly defined inclusion and exclusion
criteria. In order to ensure that the work is complete, the
reference lists of all included reviews were examined
manually to find additional relevant studies. The search
strategies aimed to identify systematic reviews and meta-
analyses that examined the effectiveness of laser-based

Table 1. Search strategy used in the study
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interventions in the prevention and management of OM.
The queries targeted literature published between 2020
and 2025, drawn from major biomedical databases
(Table 1).

Study selection

The study selection process began with an initial review
of titles and abstracts, guided by well-defined eligibil-
ity criteria that were tailored to the research objectives.
Disagreements between the reviewers at this stage were
resolved through collaborative discussion. This umbrella
review targeted systematic reviews and meta-analyses
that investigated the use of laser-based therapies and
related approaches for the management or prevention
of OM. Only studies assessing clinically relevant out-
comes such as symptom severity, duration, pain level, or
mucosal healing were considered for inclusion. To ensure
data reliability, the inclusion criteria were limited to
peer-reviewed reviews that employed clear methodology,
provided comparison groups, and reported quantifiable
health outcomes. Reviews were excluded in the absence
of peer review, the presence of opinion-based content
(e.g., editorials or narrative summaries), or if they were
published only as conference abstracts or unpublished
theses. Articles not written in English, which lack suffi-
cient detail on intervention protocols, and which do not
focus directly on laser interventions for OM, were also
omitted. Studies that failed to differentiate between laser
therapy or lacked clinical relevance were excluded from
the analysis, as were duplicates and secondary reports
from the same dataset, unless they offered new findings.

The PRISMA flow diagram, illustrating the study
selection process for the systematic review, is presented in
Fig. 1. The database search yielded a total of 264 records:
50 from PubMed®/MEDLINE; 151 from Embase; 59 from
Scopus; and 4 from the Cochrane Library. An additional
2 records were identified through citation search.
Prior to the screening process, 57 duplicate records were
removed. Of the remaining 207 papers, 184 were excluded,

(“oral mucositis’[MeSH Terms] OR “oral mucositis”[Title/Abstract] OR “mucositis"[Title/Abstract] OR “stomatitis"[ Title/
PUbMed®/MEDLINE Abstract]) AND (“laser therapy [MeSH Terms] OR “low-level light therapy'[MeSH Terms] OR “photobiomodulation  systematic review; 50
therapy[Title/Abstract] OR “low-level laser therapy[Title/Abstract] OR“low level laser"[Title/Abstract] OR“LLLT"[Title/ 2020-2025
Abstract] OR“PBMT"[Title/Abstract] OR“laser treatment”[Title/Abstract] OR“laser"[Title/Abstract])
(‘oral mucositis’/exp OR ‘oral mucositis”ti,ab OR‘mucositis”ti,ab OR 'stomatitis"ti,ab) AND (laser therapy'/exp review:
Embase OR'low level laser therapy'/exp OR ‘photobiomodulation therapyti,ab OR ‘low-level laser therapy”ti,ab OR 2020720'25 151
‘low level laser’:ti,ab ORLLLT:ti,ab OR‘PBMT"ti,ab ORlaser treatment’ti,ab OR‘laser"ti,ab)
(TITLE-ABS-KEY(“oral mucositis” OR “mucositis” OR “stomatitis”)) AND (TITLE-ABS-KEY(“laser therapy” OR “low- oysternatic review:
Scopus level laser therapy” OR “low level laser” OR “photobiomodulation therapy” OR “low-level light therapy” OR Y 2020-2025 " 59
“laser treatment” OR “laser” OR “LLLT" OR “PBMT"))
(“oral mucositis” OR “mucositis” OR “stomatitis”) AND (“laser therapy” OR “low-level laser therapy” OR “low level review:
Cochrane Library laser” OR “photobiomodulation therapy” OR “low-level light therapy” OR “laser treatment” OR “laser-assisted” 2020720’25 4
OR“laser” OR “lasers” OR“LLLT" OR “PBMT")

MeSH — medical subject headings; ti — title; ab — abstract; exp — explosion (Emtree terms).
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Fig. 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) 2020 flow diagram of the study

and 23 reports were sought for retrieval. A total of 23
reports were successfully retrieved and assessed for eli-
gibility. One report was excluded as it did not meet the
criteria for being a systematic review or a meta-analysis.
Ultimately, 22 studies were included in the review.

Data extraction

Once the final set of eligible reviews was established, 3
reviewers independently extracted data using a standard-
ized protocol designed to ensure consistency and mini-
mize bias. Key information collected from each included
review comprised the first author, the year of publication,
the review type (systematic review or meta-analysis), the
clinical context, and characteristics of the studied popula-
tion. Particular attention was given to the details regarding
the photobiomodulation therapy (PBMT)/low-level laser
therapy (LLLT) or laser therapy protocols, encompassing
the type of laser or light source used, wavelength, power
output, energy density, application technique, and treat-
ment duration. Where available, information on the fre-
quency of treatment, its timing relative to CT or RT, and
whether laser therapy was used preventively or therapeu-
tically was also extracted. Data on primary and secondary
outcomes, such as mucositis severity, duration, pain relief,
and impact on quality of life, was recorded to facilitate
a comparative analysis across studies and to evaluate the
consistency and clinical relevance of reported effects.

Assessment of the risk of bias and study
quality

The methodological quality of each included study was
assessed independently by 3 reviewers using a custom-
ized risk-of-bias assessment tool adapted for the evalu-
ation of systematic reviews on therapeutic interventions.

K. Grzech-Lesniak et al. Photobiomodulation in oral mucositis

The tool covered 9 domains designed to capture both

reporting quality and internal validity. The assessment

criteria encompassed the following:

— clear identification and description of the laser modality
used, including treatment parameters where applicable;

— defined intervention protocols, such as treatment fre-
quency and adjunctive care;

— specification of relevant clinical outcomes;

— inclusion of appropriate comparator groups;

— transparent criteria for study inclusion, including popu-
lation characteristics;

— assessment of bias control measures, including blinding
where feasible;

— appropriateness and transparency of statistical meth-
ods used;

— full disclosure and clarity in the reporting of outcomes,
including adverse events and follow-up data;

— reporting of funding sources and potential conflicts
of interest.

Each domain was scored using a binary system (1 for
criterion met, O for unmet), yielding a total score between
0 and 9. The reviews were classified as having low (7-9
points), moderate (4—6 points) or high (0-3 points) risk
of bias. Disagreements in scoring were resolved through
reviewer discussion, with consultation from a fourth
reviewer in cases of unresolved conflict. The quality
appraisal process was conducted in accordance with the
best-practice guidance from the Cochrane Handbook for
Systematic Reviews of Interventions.?

Results

Results of the risk of bias and quality
assessment

The initial screening of titles and abstracts was con-
ducted independently by 3 reviewers to promote objectiv-
ity and reduce the risk of selection bias. Agreement among
reviewers was evaluated using Cohen’s kappa coefficient
to quantify the level of consistency across assessments.
When discrepancies in the study inclusion arose, they were
resolved through structured consensus meetings to ensure
transparency and consistency in the selection process.
This multi-reviewer approach was adopted to enhance the
methodological rigor of the umbrella review and to ensure
that only systematic reviews and meta-analyses, specifically
those evaluating laser therapy for OM, were included.?

As summarized in Table 2, all but one study were judged
to be at low risk of bias. Importantly, no studies were
excluded on the basis of their risk-of-bias rating alone.

Characteristics of the included reviews

Multiple studies have demonstrated the efficacy of laser-
based interventions, particularly PBMT, in reducing the
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Table 2. Assessment of the risk of bias in the included studies

Algahtani and Khan

202275 6 moderate
Andriakopoulou et al. 7 low
20242

Bragués et al.

20247 ! low
Calarga et al.

2024 ° ow
Campos et al.

20207 8 low
Cronshaw et al. 8 -
2020%°

Cronshaw et al. 8 low
2020°

Cruz etal. 9 o
20233

de Oliveira et al. 8 low
20213

de Sales et al. 8 o
20253

Dipalma et al.

2024 ! ow
Franco et al. 3 -
20233%

Joseph et al.

20247 ¢ low
Joseph et al.

202538 7 low
Khalil et al. 3 low
2024% ©
Lai et al.

202140 9 low
Parra-Rojas et al. 8 low
20254

Peng et al.

2020 ° low
Potrich et al. 3 low
2023%

Redman et al. 7 -
20224

Sanchez-Martos et al. 8 low
2023%

Shen et al. 5 low
2024%

severity and pain associated with OM in patients with
head and neck cancer, especially in pediatric popula-
tions.?>-2® Alqahtani and Khan elucidated that a com-
bination of oral care, glutamine, vitamin E, biological
agents, and laser therapy effectively alleviated the symp-
toms of OM in children, with PBMT exhibiting a consis-
tent reduction in pain and severity of the condition.?>?
Bragués et al. noted the preventive effects of interven-
tions such as PBMT, palifermin, honey, and zinc, however,
they emphasized the absence of standardized protocols.?”
A study by Calarga et al. confirmed the safety and effec-
tiveness of PBMT, although preventive outcomes varied
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and the absence of established protocols underscored
the need for standardization.?® Campos et al. found
that PBMT not only reduced OM severity but was also
cost-effective in patients with head and neck cancer.”
Cronshaw et al. emphasized that optical parameters,
particularly spot size and energy delivery, critically influ-
ence PBMT outcomes.?*3! The authors recommended the
implementation of individualized dosing based on tissue
depth and the patient.?*3! Cruz et al. reported that PBMT
significantly reduced OM severity, though the hetero-
geneity of outcomes precluded a meta-analysis on pain
or lesion duration.3> A study by de Oliveira et al. found
that combining photodynamic therapy (PDT) with PBMT
led to a significant acceleration in mucosal healing com-
pared to PBMT alone.?® De Sales et al. linked PBMT to
a reduction in OM incidence and inflammation through
cytokine modulation and enhanced antioxidant activ-
ity.3* Dipalma et al. echoed these findings, showing that
PBMT has an impact on cytokines and keratinocyte dif-
ferentiation.® This suggests that its mechanism is driven
by the modulation of inflammation and oxidative stress.*
Franco et al. concluded that laser therapy significantly
reduces OM severity, especially in patients undergoing
transplantation or chemoradiation.®® Joseph et al. showed
that PDT combined with PBMT offered greater pain and
symptom relief in comparison to PBMT alone, with meta-
analysis supporting superior efficacy.?” Another study by
Joseph et al. explored the potential of light-emitting diode
(LED)-based therapy, which showed promise in symptom
control despite limited evidence and variability across
studies.?® Khalil et al. found that PBMT using 660-nm
aluminium gallium indium phosphide (InGaAlP) lasers
led to a consistent reduction in OM severity, with IL-6
levels demonstrating the strongest correlation with the
intensity of mucositis.?® Lai et al. reported that cryotherapy
combined with PBMT was more effective than either
intervention alone in reducing severe OM; however, no
significant differences were observed for moderate OM.%
Parra-Rojas et al. reported that prophylactic PBMT effec-
tively prevented OM, with red light used intraorally and
infrared extraorally, but emphasized the need for protocol
standardization.*! Peng et al. confirmed the enhanced
effect of cryotherapy + PBMT, both outperforming usual
care, especially in severe OM cases.*? Potrich et al. also
supported this synergy and emphasized the efficacy
of both modalities individually.** Redman et al. found that
while PBMT may benefit children with CT-induced OM,
results were inconsistent and further trials are needed.**
Sanchez-Martos et al. highlighted the ability of PBMT
to decrease severe OM incidence and duration, reduce
pain, and improve quality of life across various assess-
ment tools.*® Finally, Shen et al. confirmed the broad
efficacy of PBMT, particularly in pediatric patients, and
reinforced its safety profile, emphasizing the importance
of standardized treatment protocols.*® Tables 3 and 4
summarize this data.
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Table 3. Summary of interventions and outcomes for the management of oral mucositis (OM) in cancer patients based on the included studies

Interventions

Databases

Publication year range

2022%

2024%°

Bragués et al.
2024%7

Calarga et al.
202428

Campos et al.
2020%

Cronshaw et al.
2020%

Cronshaw et al.
20203

Cruzetal.
20233

20213

de Sales et al.
20253

Dipalma et al.
20243

Franco et al.
20233%

Joseph et al.
2024%

Joseph et al.
2025%

Khalil et al.
2024%°

Lai et al.
202140
20254

Peng et al.
2020%

Potrich et al.
20234

Redman et al.
20224
2023%

Shen et al.
20244

Algahtani and Khan

Andriakopoulou et al.

de Oliveira et al.

Parra-Rojas et al.

Sanchez-Martos et al.

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

M

15

34

39

20

38

29

26

30

14

oral care, laser therapy,
glutamine, SCPR, vitamin E

honey, PBMT

PBMT, palifermin, honey,
zinc

PBMT

PBMT

PBMT

PBMT

PBMT

PDT

PBMT

PBMT

PBMT + diode laser

LED-based PBMT

PDT, PBMT

PBMT (InGaAlP laser)

PBMT, cryotherapy,
or both

preventive PBMT

prophylactic and
therapeutic PBMT

PBMT

PBMT

PBMT

PBMT

Embase, PubMed®, ScienceDirect,
Cochrane Library, hand search

MEDLINE (via PubMed®), Scopus

PubMed®/MEDLINE, NICE, ICTRP, Embase
(MEDLINE excluded), Scopus, Web of Science

PubMed®, Embase, Cochrane Library,
Google Scholar (gray literature)

PubMed® Web of Science, MEDLINE

PubMed®, Cochrane Library, Google
Scholar

PubMed®, Google Scholar, Cochrane
Library, manual search

PubMed®, Scopus, Cochrane Library, Web
of Science

PubMed®, Scopus, Web of Science

PubMed®MEDLINE, Cochrane Library,
Web of Science, LILACS, ClinicalTrials.gov

PubMed®, Cochrane Library, Embase,
Scopus, Web of Science

PubMed®, Scopus, Web of Science

PubMed®/MEDLINE, Scopus, Web of
Science

major databases (not fully listed in the
abstract)

Web of Science, Embase, ScienceDirect,
PubMed®, Cochrane Library, Scopus
MEDLINE, Embase, CENTRAL, PEDro
PubMed®, Scopus, Web of Science,

Cochrane Library

PubMed® Embase, CENTRAL, Web of
Science

Cochrane Library, Embase, PubMed®,
Scopus, Web of Science

multiple databases and gray literature
(not listed)

PubMed®, Scopus, Cochrane Library

PubMed®, Embase, Cochrane Library,
LILACS, Web of Science

2005-2021

January 2000-March 2023

last 20 years up to March 2024

not specified, literature search
performed on May 10, 2023

2007-2018

last 10 years, search performed from
April 8, 2020 to June 15, 2020

1995-2019

2013-2023

2000-2020

up to April 2023

2010-2023

not specified, search performed on May
3,2023

January 2000-May 2024

not specified

up to February 2024

up to 2020

January 2010-May 2024

up to October 2019

not specified

not specified

not specified, search performed between
November 2021 and February 2022

January 2000-October 2023

CENTRAL - Cochrane Central Register of Controlled Trials; ICTRP — International Clinical Trials Registry Platform; InGaAIP — aluminium gallium indium
phosphide; LED - light-emitting diode; LILACS - Latin American and Caribbean Literature on Health Sciences Database; M — meta-analysis; NICE — National
Institute for Health and Care Excellence; OM - oral mucositis; PBMT — photobiomodulation therapy; PDT — photodynamic therapy; ROBINS-I - Risk Of Bias In
Non-randomized Studies - of Interventions; SCPR - supersaturated calcium phosphate rinse; SR — systematic review.
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Study design

Assessment of the risk of bias

clinical and research works published in English involving
children aged <18 years with OM

randomized controlled trials

studies on pediatric patients (not all specified as
randomized controlled trial) meeting inclusion criteria

randomized controlled trials; included studies that made
comparisons between PBMT protocols, with no other
comparators

randomized clinical trials

randomized controlled clinical trials

human randomized controlled clinical trials, retrospective
case analyses

randomized controlled trials

randomized controlled trials

randomized controlled trials

randomized controlled trials

randomized controlled trials with placebo control

randomized controlled trials and non-randomized clinical
trials

randomized controlled trials and non-randomized
intervention studies

clinical trials

randomized controlled trials

randomized controlled trials

randomized controlled trials

studies assessing quality of life in head and neck cancer
patients undergoing PBMT

randomized controlled trials (efficacy), all study types
(safety)

clinical trials

randomized controlled trials

not specified

Jadad scale (qualitative synthesis) +
Cochrane Risk of Bias tool (meta-analysis)

not specified

Cochrane Risk of Bias 2

not specified

modified Cochrane Risk of Bias tool

not specified

Cochrane Risk of Bias 2

Cochrane Risk of Bias tool

Cochrane Risk of Bias 2

Cochrane Risk of Bias 2

not specified

Cochrane Risk of Bias 2 + ROBINS-|

Cochrane Risk of Bias 2 + ROBINS-|

several appraisal tools (not specified)

Cochrane Collaboration’s tool

Cochrane Risk of Bias 2

Cochrane Risk of Bias tool

not specified

not explicitly stated, risk of
performance bias discussed

not specified

GRADE + Cochrane Risk of Bias tool

reduced pain and OM severity

administration of honey reduced hospital stay;
PBMT not effective for OM >grade 2

preventive effects and symptom improvement

PBMT reduced severity, duration and pain;
safe intervention

clinically effective and cost-effective intervention

effectiveness associated with specific optical
parameters

prophylactic PBMT provided measurable clinical
benefits

reduced OM severity

effective in healing alone and in combination with
PBMT

reduced OM incidence and inflammation

PBMT lowered OM incidence and pain; improved
tissue regeneration

reduced OM severity and duration

reduced pain and OM severity; low certainty of
evidence

PDT + PBMT improved healing and reduced pain
compared with PBMT alone

reduced OM severity and modulated salivary
cytokines (notably IL-6)

allinterventions improved OM severity; combination
therapy most effective for mild/severe OM

prophylactic PBMT reduced OM risk and lesion
intensity during cancer therapy

reduced incidence and duration of severe OM;
analgesic use; less severe pain

reduced OM severity and maintained quality of life

showed potential to reduce OM severity and oral
pain

prophylactic PBMT reduced OM severity (grades
3-4), duration and pain; improved quality of life

lower OM incidence from week 2; reduced severe
OM from week 3; decreased OM-related pain
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Table 4. Extended summary of outcomes for the management of oral mucositis (OM) in cancer patients based on the included studies

Study

2022%

20242

Bragués et al.
202477

Calarga et al.
202428

Campos et al.
2020%

Cronshaw et al.
2020%

Cronshaw et al.
2020°

Cruzetal.
20233

20213
de Sales et al.

2025

Dipalma et al.
2024

Franco et al.
20233

Joseph et al.
20243

Joseph et al.
202538

Khalil et al.
2024%

Algahtani and Khan

Andriakopoulou et al.

de Oliveira et al.

- Multiple interventions, including good oral care, glutamine, vitamin E, aloe vera, olive oil, and laser therapy, were shown to reduce

+ Glutamine reduced the incidence of OM in acute lymphoblastic leukemia from 62.5% to 4.2% compared to placebo.
- Oral cryotherapy and caphosol showed little or no benefit, indicating the need for improved strategies.

- Several methods were found to reduce OM severity and discomfort in children receiving CT or stem cell transplants.

- Oral cryotherapy and caphosol showed no benefit.

- OMis a frequent and painful side effect in children receiving antineoplastic therapy.
- Many treatments have been proposed, but evidence on their effectiveness and safety in pediatric patients remains limited.

- Other promising approaches included cryotherapy and natural compounds.

- Cost-effectiveness analysis showed an ICER of 27.89 per severe OM case prevented, with an effectiveness gain of 132.2.

+ There are no established universally optimized clinical protocols.

- Wider beam coverage improves outcomes.

- The intervention promoted keratinocyte differentiation and tissue repair, suggesting its mechanism involves modulation of

- The meta-analysis revealed a significant reduction in mucositis severity among patients treated with laser therapy compared to

- The findings support PBMT as a highly effective option for alleviating transplant-related mucositis symptoms.

- The meta-analysis (4 studies) showed a favorable effect of treatment (SMD: —0.51; 95% CI. —0.88-—0.15).
- Combined therapy more effectively reduced OM severity in cancer patients.

- Out of 5 studies (256 participants), 4 reported that LED therapy reduced OM severity and pain; 1 study demonstrated faster healing.

+ Salivary cytokines assessed included IL.-12p70, TNF-g, IL-6, IL-8, IL-10, CXCL8, and IL-1(3, with IL-6 most strongly linked to OM severity.
« Variability in cytokine levels was attributed to differences in cancer treatments and saliva collection methods.

OM severity and pain in children receiving CT or stem cell transplants.
Laser therapy, especially PBMT, was consistently effective in pediatric settings.

Effective options included oral hygiene, glutamine, vitamin E, aloe vera, olive oil, and laser therapy.
PBMT consistently eased pain and OM symptoms; glutamine reduced the incidence of OM in acute lymphoblastic leukemia
patients (4.2% vs. 62.5%).

Interventions like PBMT, palifermin, honey, and zinc demonstrated preventive effects and symptom improvement.

Despite these options, current evidence remains insufficient to establish standardized clinical protocols.

PBMT is safe and effective for treating and preventing OM in pediatric cancer patients, with no reported adverse effects.
Therapeutic PBMT reliably relieved pain, accelerated healing, and reduced OM severity and duration.

Preventive results were mixed, with some studies showing reduced incidence and others showing no benefit.

Protocol variability underscores the need for standardized guidelines and more high-quality research.

PBMT improved outcomes and reduced pain.
PBMT reduced the risk of severe OM by 64% (RR: 0.36; 95% CI: 0.29-0.44).
PBMT is both clinically beneficial and economically viable for OM management in head and neck cancer therapy.

Larger optical spot sizes (0.51-4 cm?) were linked to better clinical outcomes, especially for deeper tissue targets, compared to
small spot sizes (0.02-0.08 cm?).

Larger optical spot sizes are recommended for superficial and deep targets.

Higher surface doses are recommended to compensate for light scattering and ensure adequate target dosing.

Larger coverage saves time, allows higher total power at safe fluence, and delivers more energy to a greater tissue volume without toxicity.

PBMT is a safe, effective option for OM in CT and head and neck RT.
Best results were observed after pre-conditioning and concurrent use.

Pain management requires choosing between a focus on pain relief and a focus on healing.

PBMT led to a more pronounced decrease in the severity of OM compared to control groups.
Significant differences across studies prevented a meta-analysis of outcomes related to lesion duration and pain relief.

PDT + PBMT significantly reduced healing time compared to laser treatment alone (p = 0.0005). Photodynamic therapy showed
considerable promise in treating OM, enhancing tissue regeneration and offering an effective approach for managing mucosal damage.

PBMT reduced the incidence of OM in CT and RT patients, lowering IL.-6 and TNF-g, increasing IL-4 and IL-10, and promoting tissue
repair via antioxidant activity and keratinocyte maturation.

Benefits likely result from modulating inflammation, oxidative stress, and cellular repair; further research is needed to clarify
mechanisms and optimize protocols.

PBMT effectively reduced the incidence of OM in patients undergoing CT/RT.
PBMT was associated with anti-inflammatory and antioxidant effects, including reduced IL-6 and TNF-a, and increased IL-4 and
IL-10 levels.

inflammation and oxidative stress.

placebo (SMD: —1.34; 95% CI. —1.98-—0.98).
Laser therapy was effective in lowering the severity of OM caused by CT and radiation.

PDT + PBMT outperformed PBMT alone in healing and pain relief.

PDT, especially when combined with PBMT, is a promising option for the management of OM symptoms.

LED therapy shows promise for OM symptom relief; larger, well-designed studies are needed to confirm its efficacy and optimize protocols.

Four eligible studies used 660-nm InGaAIP diode lasers and showed low risk of bias.
PBMT consistently reduced the severity of OM across all studies.
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Lai et al.

Parra-Rojas et al.

Redman et al.

Sanchez-Martos et al.

Shen et al. differences in response.

clinical outcomes.

« Cryotherapy + PBMT was highly effective: none/mild OM (OR: 106.23); severe OM (OR: 0.01).

+ Cryotherapy alone: none/mild OM (OR: 3.13); severe OM (OR: 0.25).

- PBMT alone: none/mild OM (OR: 7.56); severe OM (OR: 0.13).

202140 « Combined therapy outperformed cryotherapy or PBMT alone for none/mild OM (vs. PBMT OR: 14.06; vs. cryotherapy OR: 33.95).
+ No significant difference was noted for moderate OM.
« All 3 approaches reduced severe OM; none showed advantage for moderate OM.

« Prophylactic PBMT effectively reduced the development and severity of OM in CT patients.
+ Red laser is more commonly used for intraoral PBMT, while infrared laser is preferred for extraoral applications.
20254 « Variability in PBMT protocols across studies makes it difficult to determine the ideal dosage.

+ PBMT is regarded as safe, non-invasive and free of side effects.

- Preventive PBMT reduces the risk of OM in CT/RT patients.

« Cryotherapy + PBMT outperformed usual care, reducing severe OM and increasing none/mild cases.
+ The administration of cryotherapy or PBMT alone was effective but less so than combined therapy.
2023% «+ There were no differences among interventions for moderate OM.

- Despite protocol variability, evidence supports both treatments, especially for severe OM.

Peng etal. ; )
202842 + Therapeutic PBMT may shorten the duration of severe OM.

- Inconsistent outcomes across laser settings underscore the need to define optimal protocols.
Potrich et al.

« PBMT may lessen OM severity and pain in children undergoing CT, though results are inconsistent.
- The meta-analysis suggests benefit of the therapy, especially for severe OM, but significance was inconsistent.
20224 - Adverse events were rare and minor, though safety reporting was often poor.

- Evidence is insufficient; more rigorous pediatric randomized controlled trials are needed.

+ PBMT reduced incidence and duration of severe OM (grades 3-4) in head and neck cancer patients during chemoradiotherapy.
+ Most studies reported significant pain reduction on VAS compared to controls.
20234 + PBMT improved oral health-related quality of life according to validated tools (e.g., EORTC QLQ-C30, UW-Qol).

« PBMT is effective both for prevention and treatment, with benefits seen despite protocol variations.

+ PBMT significantly reduced the incidence of OM in cancer patients receiving CT/RT, as shown in pooled analysis across multiple trials.
« Greater effectiveness was observed in pediatric patients compared to adults, with subgroup analysis supporting age-related

2024% + No serious adverse effects related to PBMT were reported, indicating a strong safety profile.
+ Heterogeneity in treatment protocols and study designs underscores the need for standardized PBMT guidelines to optimize

Cl - confidence interval; CT — chemotherapy; EORTC QLQ-C30 - European Organization for Research and Treatment of Cancer Quality of Life Questionnaire;
ICER - Incremental Cost-Effectiveness Ratio; IL — interleukin; OR — odds ratio; RR - risk ratio; RT — radiotherapy; SMD - standardized mean difference;
TNF-a - tumor necrosis factor alpha; UW-QolL - University of Washington Quality of Life Questionnaire; VAS - visual analogue scale.

Discussion

Background

Over the past 3 decades, photobiomodulation, now
more precisely termed photobiomodulation therapy,
has evolved from an intriguing laboratory observation
to a modality incorporated into multiple international
guidelines. The ensuing discourse synthesizes mechanis-
tic insights, preclinical evidence, data from clinical trials,
guideline positions, and implementation challenges, pro-
viding a panoramic view of the role of PBMT in the pre-
vention and management of OM.*’-5! Radiotherapy, CT
and high-dose conditioning regimens trigger a five-phase
pathobiological cascade encompassing initiation, primary
damage response, signal amplification, ulceration, and
healing.®? Reactive oxygen species and DNA strand
breaks ignite necrosis factor kappa B (NF-kB)-mediated
transcription of pro-inflammatory cytokines, notably
tumor necrosis factor alpha (TNF-a), interleukin (IL)-1p,
and IL-6, which drive apoptotic loss of the basal epithe-
lium and submucosal injury.’®** Secondary bacterial

invasion further amplifies tissue damage, prolonging ulcer-
ative phases and raising the risk of sepsis in neutropenic
hosts.%®> Understanding these molecular checkpoints is
critical, as PBMT targets several of the same signaling
nodes, offering a biologically plausible strategy for inter-
rupting OM evolution.>>->*

Rationale for photobiomodulation therapy

Photobiomodulation therapy involves the delivery
of photons (400-1100 nm) at low power (5-200 mW),
which are primarily absorbed by mitochondrial cyto-
chrome c oxidase.?>%? From a photophysical perspective, blue
photons possess higher quantum energy than red photons,
a parameter that plays a fundamental role in determining
the nature and efficiency of electromagnetic radiation
interactions with biological matter. Blue (400-500 nm),
red (620-750 nm) and near-infrared (750—1100 nm) light
each exhibit distinct mechanisms of action in PBMT,
reflecting differences in wavelength and tissue penetration
depth. Blue light acts superficially (up to about 1 mm)
and primarily exerts antibacterial and anti-inflammatory
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effects by generating reactive oxygen species, which dam-
age microbial cell membranes and modulate immune
responses. Red light penetrates deeper (several millime-
ters) and activates mitochondrial cytochrome ¢ oxidase,
enhancing adenosine triphosphate (ATP) production,
reducing oxidative stress, and stimulating tissue repair,
angiogenesis and wound healing.”’-%2 Near-infrared light
reaches the greatest depths (up to several centimeters),
affecting muscles and bones by activating cytochrome ¢
oxidase, improving microcirculation, reducing inflamma-
tion, and promoting deep tissue regeneration. These dif-
ferences guide clinical applications: blue light is used for
superficial infections and inflammation; red light for soft
tissue healing and pain reduction; and near-infrared light
for musculoskeletal pain and deep tissue repair.>>~62

The biological mechanisms and cellular effects trig-
gered by PBMT include transient displacement of mito-
chondrial nitric oxide, which enhances oxidative phos-
phorylation and ATP synthesis.®® Modulation of reactive
oxygen species within a therapeutic window activates
redox-sensitive transcription factors such as nuclear fac-
tor erythroid 2-related factor 2 (NRF2) without inducing
oxidative stress.% The upregulation of growth factors like
vascular endothelial growth factor (VEGF) and trans-
forming growth factor beta (TGF-f) as well as increased
collagen synthesis promote re-epithelialization.®® The
reduction of inflammatory cytokines including IL-6 and
TNF-a in both saliva and serum, with levels correlating
to mucositis severity scores, has also been observed.?
Together, these actions produce analgesia, suppress inflam-
mation, and accelerate wound healing, key outcomes in
effective OM management. Studies on rodent models
consistently show that PBMT administered at wavelengths
of 660—810 nm and fluences of 2—6 J/cm? leads to smaller
ulcers, faster epithelial regeneration, and reduced local
TNF-a expression.®®-% While animal studies employ
standardized dosing conditions that do not fully reflect
clinical variability, they serve to reinforce the mechanistic
basis for PBMT and guide the selection of wavelength and
fluence parameters in human trials.

Distinction between PBMT, PDT and
combined applications

It is important to differentiate PBMT from PDT, as they
differ in both mechanism of action and clinical applica-
tion. Photobiomodulation involves the direct stimula-
tion of tissue using low-level, non-ionizing radiation
(typically in the red or near-infrared spectrum) and
does not require a photosensitizing agent. The primary
effects of PBMT include modulation of inflammation,
enhancement of cellular repair, and acceleration of wound
healing through mitochondrial and redox pathways.**7
In contrast, PDT requires the administration of a photo-
sensitizer, which is subsequently activated by a specific
wavelength of light. This activation leads to the generation
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of reactive oxygen species, resulting in selective
cytotoxicity and tissue destruction, which is often used for
antimicrobial or antitumor purposes.®7? While the mech-
anisms are distinct, several systematic reviews have noted
that combining PDT with PBMT may provide added
therapeutic benefits for patients with OM. For instance,
de Oliveira et al. discovered that this combination resulted
in significantly faster mucosal healing compared to the
administration of PBMT alone.?® Similarly, Joseph et al.
reported that dual therapy produced greater reductions in
pain and symptom duration than PBMT monotherapy.®’
These findings suggest that integrated protocols, leverag-
ing the complementary actions of PDT and PBMT, may
represent a promising direction for future management
of mucositis. Nevertheless, further research is needed to
optimize dosing and patient selection.”!

Impact on quality of life

In addition to a reduction in the clinical severity and
duration of OM, PBMT delivers consistent and measur-
able improvements to patient quality of life. This outcome
has been documented in studies using validated instru-
ments, including the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ-C30), the University of Washington Quality
of Life Questionnaire (UW-QoL), and the Functional
Assessment of Cancer Therapy (FACT).2434> Photobio-
modulation therapy supports key functional domains.
After PBMT, patients report an improvement in their
ability to eat, speak and perform daily activities. Preserved
oral function contributes to improved nutritional status
and a reduced risk of malnutrition. The alleviation in pain
enables more restful sleep and facilitates social interaction
and emotional stability. In controlled trials, PBMT-treated
patients demonstrated significantly higher quality of life
scores at the conclusion of treatment. For example, one
study found UW-QoL scores of 687 for PBMT patients vs.
607 for placebo on day 35, with social-emotional scores
also notably higher (408 vs. 348, p = 0.003).%>72 These
improvements translate to better psychological resilience,
less disruption of cancer therapy, and reduced hospital-
izations, underscoring the value of PBMT as a standard
component of supportive oncology.

Impact on pain

Photobiomodulation has been shown to significantly
reduce pain associated with OM in cancer patients,
offering both preventive and therapeutic benefits. The
included studies consistently report that PBMT reduces
pain intensity, shortens lesion duration, and decreases the
need for systemic analgesics, including opioids, particu-
larly in patients undergoing head and neck chemoradio-
therapy or HSCT.28:2936454665 The analgesic effects of the
treatment are attributed to the modulation of inflammatory
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cytokines such as IL-6 and TNF-a, stimulation of tissue
repair, and improved microcirculation.?#3>3 In clinical
trials, PBMT-treated patients experienced up to a 50%
reduction in mean pain scores compared with controls,
enabling improved oral function, nutritional intake and
quality of life.*>%> Owing to its strong safety profile and
non-invasiveness, the therapy is recommended as a stan-
dard supportive care intervention in international guide-
lines 6364

Age-specific considerations and treatment
protocols

The management of OM with laser therapy requires
careful consideration of age-specific factors, as differ-
ent patient populations present unique challenges and
may respond differently to PBMT.*7® Evidence reveals
significant variations in efficacy, tolerability and optimal
protocols across age groups. In the case of very young
children (3-6 years), the available data remains limited
but promising, with cooperation being a key challenge.”
For this age group, extraoral PBMT is often preferable to
intraoral applications in order to minimize discomfort
and reduce the need for active cooperation, with shorter
session durations being recommended.” School-age chil-
dren (7-12 years) have the strongest pediatric evidence
base, with multiple systematic reviews confirming the
efficacy of PBMT in this age group. A meta-analysis showed
that prophylactic PBMT significantly reduced the odds
ratio (OR) for developing OM (OR = 0.50; 95% confidence
interval (CI): 0.29-0.87; p = 0.01) and severe mucositis
(OR = 0.30; 95% CI: 0.10-0.90; p = 0.03).”* School-age
children generally cooperate well during intraoral appli-
cations under proper supervision, and standard protocols
with 10-15-min sessions are well tolerated.” Adolescents
and young adults (13-18 years) show excellent compli-
ance and achieve outcomes similar to adults, with stud-
ies consistently reporting reduced severity and duration
of mucositis. Photobiomodulation is considered an effec-
tive method for the treatment of OM in young cancer
patients due to its analgesic, anti-inflammatory and healing
properties.”®

Adults represent the most extensively studied population
for laser therapy in OM, with the strongest evidence base.
The Multinational Association of Supportive Care in
Cancer (MASCC) and the International Society of Oral
Oncology (ISOO) have established guidelines recom-
mending the use of 660-nm wavelength, a power density
of 417 mW/cm?, and an energy density of 4.2 J/cm? for
patients receiving a combination of CT and RT.®*7778 In
patients after HSCT, protocols using 660 nm with 2—4 J/cm?
have been shown to result in a significant reduction in the
incidence of severe mucositis. Elderly patients (>65 years)
also benefit from laser therapy, with studies showing
reductions in mucositis severity and duration, as well as
a decrease in weight loss and lower morphine requirements.
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However, for this age group, slightly shorter sessions
(10-20 min) and energy densities of 2—6 J/cm? with
careful monitoring are advised.” Patients who had under-
gone HSCT, particularly adults, exhibit the most robust
data, with meta-analyses showing significant reductions
in the severity of mucositis. Pediatric HSCT patients
demonstrate similar benefits, but modifications in session
duration and technique are required.® For 5-FU-induced
mucositis, limited age-specific data exists. The utilization
of animal models has indicated that 660 nm and 6 J/cm?
represent the optimal parameters.8'8? Pediatric patients
with methotrexate-induced mucositis respond particularly
well to the treatment, with the incidence reduced from
66.67% to 6.67%.7 Across all age groups, the optimal
wavelengths range from 660 nm to 670 nm, with energy
density and session length tailored to age, cooperation
level and physiology: extraoral and brief sessions for
very young children; supervised intraoral applications
for school-age children; adult protocols for adolescents;
standard intraoral treatment for adults; and modified
positioning for elderly patients.** The safety profiles are
favorable across all groups. A total of 2,700 patients were
included in the analyzed studies, and minor, infrequent
adverse events were observed. The majority of these
events were associated with cooperation rather than
device function. However, very young children may require
sedation, while elderly patients may need the assessment
for oral anatomy changes. Furthermore, all patients
require eye protection during treatment.** Photobiomodu-
lation protocols for edentulous individuals should ensure
full coverage of the alveolar ridges and vestibular mucosa,
as these areas are prone to mucositis-related ulceration
and discomfort despite the absence of teeth. Moreover,
proper adaptation of applicator angulation is essential to
maintain consistent energy delivery.5-82

The implementation of laser therapy for OM patients
should be guided by age-appropriate protocols, sup-
ported by targeted training that addresses developmental
considerations and cooperation strategies. While cur-
rent evidence supports the use of PBMT across all age
groups, significant gaps remain, particularly with regard
to very young children and elderly patients. Priority
research areas include standardizing pediatric protocols
across developmental stages, collecting long-term pedi-
atric safety data, defining optimal approaches for elderly
patients with comorbidities, clarifying age-dependent
dose—response relationships, and developing strategies to
enhance cooperation in young children. Acknowledging
that a one-size-fits-all approach is not optimal, clinicians
should tailor treatment to age-specific needs while pro-
moting further research to refine these protocols.#75-82

Xerostomia

The administration of daily PBMT with well-defined
parameters reduces short-term OM symptoms in elderly
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patients and improves salivary gland function. Oliveira et al.
have demonstrated an increased salivary flow and pro-
tective potential of PBMT in the management of xerosto-
mia.#¥8* Photobiomodulation acts by stimulating cyto-
chrome c oxidase, activating cellular signaling pathways,
increasing ATP production, enhancing metabolism, and
providing anti-inflammatory and regenerative effects.
Clinical trials have demonstrated that daily protocols
of 810 nm at 6 J/cm? or 660 nm at 4 J/cm? result in a greater
reduction in mucositis severity, pain and oral discom-
fort than every-other-day therapy. These findings are
accompanied by an increased unstimulated and stimulated
salivary flow, reduced xerostomia-related discomfort, and
improved oral health-related quality of life by up to 52%,
with effects that persist for up to one year.®-% These
improvements in mucositis symptoms may be enhanced by
positive effects on salivary gland function.?” The standard
protocol outlined by Ferrandez-Pujante et al. involves
6 weekly sessions over a period of 6 weeks, with extraoral
application over the salivary glands at 810 nm and 6 J/cm?
using a GaAlAs diode, with a duration of 2 min 24 s for the
parotid gland and 1 min 12 s for the submandibular gland.®
Loncar et al. describe an intensive protocol of 10 consecu-
tive daily sessions applying PBMT parameters of 904 nm at
246 mW/cm? and 29.5 J/cm? for 120 s per area, both extra-
orally and intraorally at sublingual glands.®**° Clinical stud-
ies in older adults have reported an increased unstimulated
and stimulated salivary flow, reduced subjective oral dry-
ness, and a 52% improvement in oral health-related quality
of life.8*° These therapeutic effects were maintained for up
to 1 year.8®® The benefits have been linked to the regenera-
tion of salivary gland cells, improved microcirculation,
increased salivary immunoglobulin A, and reduced oxidative
stress.8%0%1 A meta-analysis conducted by Oliveira et al.
confirmed these effects, identifying optimal parameters as
wavelengths of 790-830 nm, power of 30—120 mW, energy
density below 30 J/cm? and 2 to 3 weekly sessions.® Signifi-
cant increases were noted in stimulated salivary flow (mean
difference (MD) = 2.90; 95% CI: 1.96—3.84), and reductions
were observed in xerostomia-related pain (MD = -3.02;
95% CI: —5.56—-0.48). Furthermore, an enhancement in
the quality of life was documented.®>°? Benefits extend to
elderly patients suffering from post-RT hyposalivation.®8-%2

Clinical applications

Preventive PBMT, when initiated on the first day
of chemoradiation or conditioning, reduces the incidence
of grade 3—4 OM by approx. 40—-80% compared with sham
treatment or standard oral care.®®*°* Therapeutic PBMT,
applied at the onset of OM, shortens ulcer duration by 4—7
days and reduces mean pain scores by half on validated
assessment scales.”>% Patients receiving PBMT also
require substantially less systemic opioid use, highlighting
its analgesic benefit.®>” In the HSCT setting, low-power
660-nm diode lasers (4 J/cm? intraorally) have reduced the
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incidence of severe OM from 66.67% to 6.67% in pediatric
patients, demonstrating notable efficacy even in profoundly
myelosuppressed hosts.”® A meta-analysis of 3 random-
ized controlled trials in adults undergoing myeloablative
transplants reported a standardized MD of -1.34 (95% CI:
-1.98—-0.98) for severe OM, favoring PBMT.36*> In head and
neck RT, a landmark French multicenter trial demonstrated
that a daily 632.8-nm helium—neon (He—Ne) laser treatment
(2 J/cm? prophylactic; 4 J/cm? therapeutic) during concur-
rent chemoradiotherapy reduced grade 3—4 OM incidence
to 6.4% compared with 48% in the placebo group, and
decreased gastrostomy placement rates and unplanned treat-
ment interruptions.®® Follow-up studies using 650-nm LED
arrays and 850-nm extraoral panels have replicated these
outcomes while improving clinical workflow.>-1% Among
patients receiving solid tumor CT, particularly 5-FU-based
regimens, results varied but generally demonstrated a rela-
tive risk reduction of 23-28% in severe OM during weeks
3—4 of treatment, likely due to shorter duration of PBMT and
non-standardized energy delivery.*>100101

Possile confounding factors

When interpreting the findings of this umbrella review,
it is important to recognize the potential influence of con-
founding factors that may have affected the reported
efficacy of PBMT for OM. Variations in cancer type, dis-
ease stage and oncologic regimens (including CT agents,
RT dose and field, and conditioning protocols for HSCT)
can substantially alter OM risk and severity, thereby
influencing the apparent benefit of PBMT. Patient-related
factors, such as age, sex, comorbidities, nutritional status,
and baseline oral health, also represent important sources
of variability.?*~* Furthermore, concomitant supportive
care interventions, including mouth rinses, cryotherapy
or pharmacologic agents, may act synergistically or inde-
pendently to reduce OM severity, making it difficult to
isolate the effect of PBMT. The technical heterogeneity
in laser parameters, such as wavelength, fluence, power
density, application technique, frequency, and intraoral
vs. extraoral delivery, further complicates the compari-
son of results across studies. Differences in operator
experience, treatment setting and adherence to standard-
ized protocols add an additional layer of complexity. The
presence of these confounders, whether individually or
in combination, has the potential to introduce bias into
effect estimates. Consequently, it is essential to consider
these confounders when interpreting the results of pooled
studies and formulating clinical recommendations.?-46

International guidelines and consensus
positions
International bodies have progressively upgraded PBMT

recommendations (Table 5). The 2020 MASCC/ISOO
guidelines categorize intraoral PBMT as level I (strong)
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Table 5. Summary of international guidelines for photobiomodulation therapy (PBMT)

MASCC/ISOO 2020 HSCT, head and neck cancer, RT, CT
NICE IPG615 2018 RT/CT mucositis

WALT 2022 HSCT, RT, CT

HTW EAR044 2022 Welsh NHS patients

intraoral PBMT for prevention 63

PBMT acceptable with audit ez

use of prescriptive PBMT parameters 64
support PBMT, emphasis on clinician training Lc

HSCT - hematopoietic stem cell transplantation; HTW — Health Technology Wales; ISOO - International Society of Oral Oncology; MASCC — Multinational
Association of Supportive Care in Cancer; NHS — National Health Service; WALT — World Association for Photobiomodulation Therapy.

for the prevention of OM in HSCT and head and neck
RT, contingent on adherence to validated protocols.®* The
National Institute for Health and Care Excellence (NICE)
Interventional Procedures Guidance 615 (IPG615) found
“adequate efficacy and no major safety concerns,” supporting
theadoption of PBMT in UK centers with governance over-
sight.12 The World Association for Photobiomodulation
Therapy (WALT) 2022 position paper extends PBMT
to additional indications such as radiodermatitis and
lymphedema, stipulating explicit dosimetry ranges.®* The
2022 Health Technology Wales (HT W) appraisal (EAR044)
supported PBMT implementation across the Welsh
National Health Service (NHS), emphasizing the importance
of clinician training and service evaluation.!%

According to Parker et al., the complete and precise
documentation of all laser operating parameters is a fun-
damental prerequisite for the reproducibility and scientific
validity of laser—tissue interaction studies.!®* The authors
emphasize that the reporting of only basic information
such as output power or wavelength is insufficient. Instead,
a comprehensive set of parameters should be included, such
as the total energy delivered [J], energy density (fluence)
[J/cm?], power density (irradiance) [W/cm?], irradiation
time [s], pulse repetition rate [Hz], beam diameter at the
target [cm], mode of application (contact or non-contact),
beam divergence angle [°], emission mode (continuous
wave, pulsed), number and frequency of treatment
sessions, and distance from the tip to the tissue. The
omission of these variables not only compromises clinical
reproducibility but also increases the risk of thermal side
effects or treatment failure.?® While no universal gold
standard exists, multiple positive randomized controlled
trials converge on the use of red (630-680 nm) or near-
infrared (780-850 nm) light, with prophylactic fluence
around 2 J/cm? and therapeutic doses of 4-6 J/cm?,
typically applied daily or on alternate days.®*> Extraoral
panels offer ergonomic advantages but require a longer
exposure time of approx. 15 min to overcome cutaneous
attenuation.”® Effective PBMT covers the lips, buccal
mucosae, ventral tongue, floor of mouth, and soft palate,
administered in a grid of 1-cm? points. A review of stud-
ies involving over 1,000 patients has revealed no associa-
tion between PBMT and carcinogenicity, tumor promo-
tion, or serious adverse events, with only mild, transient
sensations such as warmth or a metallic taste occasionally
reported.®® However, it should be noted that there are

several limitations in the current evidence base. Parameter
heterogeneity, such as inconsistent wavelengths, energy
densities and treatment grids, compromises the compa-
rability of meta-analyses. Blinding presents a challenge,
because patients may perceive active treatments as dif-
ferent to sham treatments, potentially resulting in biased
subjective pain outcomes. While robust data exists for
adult HSCT populations, pediatric dosing, particularly
in infants and toddlers, is still largely empirical.!*105-108
Future research should focus on precision dosimetry
using real-time optical feedback and Monte Carlo-guided
fluence planning to tailor therapy to individual mucosal
thickness and pigmentation. Furthermore, studies should
explore synergistic PBMT combinations with agents like
benzydamine or probiotic lozenges for broader mucosal
protection, investigate biomarker-guided timing based
on salivary cytokine thresholds such as IL-6, and develop
automated extraoral LED devices, like wearable neck col-
lars, for home-based PBMT prophylaxis during chemo-
radiation.’®! Photobiomodulation has transitioned from
experimental therapy to evidence-based standard of care
for high-risk OM populations. Its multimodal benefits,
including analgesia, anti-inflammation and epithelial repair,
address the full spectrum of OM pathobiology with mini-
mal toxicity. In order to realize the full clinical and eco-
nomic potential of PBMT, there is a necessity for adher-
ence to validated dosimetry parameters and integration
into multidisciplinary supportive care pathways. Further
harmonization of protocols, expansion into pediatric and
immunotherapy cohorts, and monitoring of long-term
oncologic outcomes will serve to consolidate the essential
role of PBMT in the management of mucositis.104-108

The international consensus documents provide pre-
cise parameters for PBMT, namely wavelength, power
density, fluence, timing, and field mapping, for the pur-
poses of OM prevention and treatment (Tables 6-8). The
application of these validated settings is critical, and
deviating from them markedly reduces treatment efficacy.

MASCC/ISOO 2020 guidelines — dose

In the MASCC/ISOO 2020 guidelines,®® evidence-
based protocols are linked to the specific oncologic treat-
ment settings (Table 6). Each row represents a complete,
validated regiment, and the listed parameters should not
be interchanged across protocols.
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Table 6. Multinational Association of Supportive Care in Cancer (MASCC)/International Society of Oral Oncology (ISOO) 2020 guidelines for the use
of photobiomodulation therapy (PBMT)%3

Power density | Time point
[mW/cm?]

Fluence Spot size

U/em?] [cm?] Sites treated, n

Application time

Cancer setting

HSCT (adult) 632.8 31.25 40 1.0 0.80 18 D +1 to D +5 post-conditioning
HSCT (pediatric &adult)  650.0 1000.00 2 20 0.04 54-70 D +1toD+2 (7-13 D total)
H&N RT (alone) 632.8 24.00 125 3.0 1.00 12 entire RT course

H&N RT-CT 660.0 417.00 10 42 0.24 72 entire RT-CT course

H&N RT-CT 660.0 625.00 10 6.2 0.04 69 entire RT-CT course

H&N — head and neck cancer; D — day.

Table 7. World Association for Photobiomodulation Therapy (WALT) position paper 2022 guidelines for the use of photobiomodulation therapy (PBMT)5

Photon fluence per field

Session frequency

Indication and delivery Wavele[:rgnt? Band Pc[)r\;vs\; (/:Ice:;l]ty (]
Prevention - intraoral 630-680 10-50
Treatment — intraoral 630-680 10-50
Prevention — transcutaneous 800-1,100 30-150
Treatment — transcutaneous 800-1,100 30-150

pre-oncotherapy once  non-thermal application

~ 2
12 (=57 pJ/cm?) daily <120 min (<45°C)

3-4 times per week until

25 (=114 pl)/cm?) nesliing

typically 15-20 sessions
pre-oncotherapy once
daily for 30-120 min

3-4 times per week until
healing

face/neck panel
1.0 (= 4.5 pJ /cm?) applicat%n

1.3 (=9 pJ/cm?) typically 15-20 sessions

WALT position paper 2022 - consensus
operating windows

In the 2022 WALT position paper,®* the available
evidence is synthesized into 2 pragmatic device classes.
Photon fluence is expressed in Einsteins [E] (1 E ~ 4.8 pJ/m?
at 810 nm) (Table 7).

NICE IPG615 2018 - service-level guidance

Although NICE does not mandate particular dosi-
metry settings, IPG615 outlines the procedural standards
that must guide the clinical use of PBMT within the UK
healthcare system (Table 8).102

Long-term safety of PBMT

Long-term safety data for PBMT in treating OM in can-
cer patients demonstrate that PBMT is safe when applied
in accordance with the current clinical guidelines. There
is no evidence to suggest that PBMT increases the risk
of secondary malignancies or tumor recurrence in the
oral cavity.1%-112 A 15-year retrospective study in HSCT
patients found no immediate or late adverse effects,
including no secondary oral cancers linked to PBMT
protocols for OM management.'% Similarly, a systematic
review of PBMT use for cancer therapy-related toxicities,
including OM, reported no tumor safety concerns or sig-
nificant side effects attributable to PBMT.!!° Prospective
and retrospective clinical trials in head and neck cancer
and HSCT consistently show excellent safety and

tolerability, with no device-related adverse events observed
across hundreds of treatment sessions.!'"'12 These stud-
ies confirm the absence of both acute and chronic adverse
effects, reinforcing a favorable long-term safety profile
of PBMT. According to the WALT guidelines, PBMT
should not be applied directly over active tumor sites,
despite the absence of evidence indicating tumor promo-
tion.%* While PBMT effectively reduces the severity and
pain associated with OM, further research is needed to
standardize dosimetry and treatment protocols. The
current body of evidence supports the continued use
of PBMT for OM in cancer patients without identified
long-term safety concerns.!04109-120

Future directions

Future perspectives in PBMT highlight the need for fur-
ther research to refine and expand its clinical applications.

Table 8. National Institute for Health and Care Excellence (NICE) IPG615
2018 guidelines for the use of photobiomodulation therapy (PBMT)'%

Parameter Recommendation

Light range red or near-infrared spectrum

Delivery route intraoral or extraoral probe, or a combined approach

Session duration 20-30 min per treatment

2-5 sessions per week throughout oncologic

AEe ey treatment

Starting point prior to CT/RT to prevent OM

use within local clinical audit and training pathways;

Governance ) . e
no major safety concerns identified
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Emerging studies emphasize clarifying the precise cellular
and molecular mechanisms by which PBMT modulates
biological processes, including mitochondrial function,
redox signaling and gene expression. The integration
of real-time monitoring with artificial intelligence has the
potential to optimize dosing in accordance with the indi-
vidual characteristics of each patient’s tissue. Additionally,
advances in technology that combine PBMT with nano-
materials and biomaterials hold the potential to enhance
targeting and therapeutic outcomes. The standardization
of clinical protocols through rigorous trials remains
essential to ensure reproducibility, efficacy and safety across
diverse patient groups.

Conclusions

This umbrella review consolidates robust evidence
demonstrating that PBMT is a clinically effective and
safe approach for the prevention and treatment of OM
across various oncologic settings. Supported by findings
from 22 high-quality systematic reviews and according
to the international guidelines (MASCC/ISOO, WALT,
NICE), PBMT significantly reduces the incidence,
severity, pain, and duration of OM, while concomitantly
improving patients’ quality of life. Furthermore, it facilitates
uninterrupted cancer therapy by minimizing treatment-
related complications. The Polish Society for Laser
Dentistry strongly endorses PBMT as a standard component
of supportive care for high-risk patients, especially those
undergoing HSCT or head and neck chemoradiotherapy.
Preventive PBMT protocols should be initiated before
or at the beginning of therapy using validated dosimetry
parameters. In order to ensure both the efficacy and
reproducibility of treatment, it is imperative to adhere to
the established technical standards. Future efforts should
focus on harmonizing pediatric protocols, improving
access to PBMT in clinical practice, and advancing research
into optimized delivery, biomarker-guided timing and
combination therapies. Photobiomodulation constitutes
a transformative, evidence-based solution that addresses
a critical gap in oncology supportive care, with clear ben-
efits for patients and healthcare systems alike.

nn

Consensus-based clinical guidance from
the Polish Society for Laser Dentistry

Based on the synthesis of 22 high-quality systematic
reviews and meta-analyses, as well as in alignment with the
international guidelines (MASCC/ISOO, WALT, NICE),
the PTSL endorses the use of PBMT as a safe and effective
modality for the prevention and treatment of OM in patients
with head and neck cancer. This recommendation applies
to both adult and pediatric populations. However, in very
young children or patients who cannot tolerate intraoral
application, extraoral (near-infrared) protocols are preferred.

Key clinical recommendations:

— PBMT should be incorporated as standard supportive
care for patients receiving high-risk cancer therapies,
including HSCT and head and neck chemoradiation;

— Preventive PBMT, initiated before or on the first day
of oncologic therapy, significantly reduces the incidence
and severity of OM and should be prioritized;

— Implementation should be coordinated with the treat-
ing oncologist, who serves as the main clinician over-
seeing the patient’s oncologic management;

— Therapeutic PBMT, applied after the onset of mucosi-
tis, offers clinically meaningful analgesia and acceler-
ates healing;

— Recommended parameters include: wavelengths
of 630—670 nm (intraoral) and 780-850 nm (extraoral);
fluence of 2—6 J/cm? and frequency of 3—4 times/week
or daily throughout the treatment course (Tables 9,10);

— Treatment should cover both intraoral and extraoral
sites, including the lips, buccal mucosa, ventral tongue,
floor of the mouth, and soft palate. In acute cases, the
protocol should be extended to regional lymph nodes to
address lymphatic congestion and reduce inflammation.
Photobiomodulation protocols must strictly follow

validated dosimetry guidelines to ensure reproducibility
and clinical benefits. Deviations from evidence-based
parameters markedly reduce treatment efficacy. While the
safety profile is excellent, standardized training and docu-
mentation are essential for clinical integration. Further
efforts should be made to harmonize the use of PBMT
in pediatric settings and to explore its cost-effectiveness
across various healthcare systems.

Table 9. Typical photobiomodulation therapy (PBMT) parameters by patient population for the prevention and treatment of oral mucositis (OM)

Dosing Wavelength
regimen [nm]

Population

Power and energy density Exposure time

H . _ 2
Pediatric short sessions; 630-670 (intraoral) > 290 mw/em )
(3-6 years) extraoral PBMT 780-850 (extraoral) 2 J/ecm? (prophylactic)
preferred 4-6 J/cm? (therapeutic)
~417 mW/cm?
Adults stan%ei;dcgiult 660-670 (red) 2 J/cm? (prophylactic)
P 4.2 J/cm? (therapeutic)
Geriatric sllghtly.shorter 630-670 (intraoral) 5 .
(>65 years) sessions 780-850 (extraoral) 2-6 J/cm? (energy density)
(10-20 min)

[min] Frequency Application method
daily or 3-5times  extraoral for young children; intraoral
5-10 )
per week for older children
10-15 daily oron intraoral
alternate days
) ) intraoral and extraoral depending on
10-20 daily (;rr 3\;esetk|mes access and patient comfort; modified
P positioning to ensure mucosal coverage
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Table 10. Recommended operating ranges for photobiomodulation therapy (PBMT) in the prophylactic and therapeutic management of oral mucositis (OM),
based on the MASCC/ISOO 2020, WALT 2022 and NICE 2018 guidelines®364102

Recommended range Recommended range
Parameter : :
for prophylactic use for therapeutic use

Wavelength 630-670 (intraoral) 630-670 (intraoral) ’ ) . )
(] 780-850 (extraoral) 780-850 (extraoral) choice depends on the required depth of tissue penetration
Power density (irradiance) lower ranges are suitable for superficial tissues; higher ranges for
3 5-100 5-200
[mW/cm?] deeper targets
Energy density (fluence) - 426 surface doses may need adjustment based on tissue depth and
[J/cm?] optical attenuation
[E;piar%sure time 5-10 10-20 longer exposure is often required for extraoral application
Frequency daily or 35 times perweek  daily or on altermate days treatment duration and frquenlcy ghould be tailored to the clinical
indication
Emission mode continuous wave or pulsed continuous wave or pulsed mode selection depends on device capabilities and treatment goals
. .. 4. Amanat A, Ahmed A, Kazmi A, Aziz B. The effect of honey on radiation-
Ethics approval and consent to participate induced oral mucositis in head and neck cancer patients. Indian
J Palliat Care. 2017;23(3):317-320. d0i:10.4103/1JPC.IJPC_146_16
Not applicable. 5. Reuss JM, Alonso-Gamo L, Garcia-Aranda M, et al. Oral mucosa

in cancer patients - putting the pieces together: A narrative
review and new perspectives. Cancers (Basel). 2023;15(13):3295.

Data availability doi10.3390/cancers15133295
6. Subedi P, Huber K, Sterr C, et al. Towards unravelling biological

The datasets generated and/or analyzed during the cur- mechanisms behind radiation-induced oral mucositis via mass
spectrometry-based proteomics. Front Oncol. 2023;13:1180642.

rent study are available from the corresponding author on doi10.3389/fonc.2023.1180642
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2014;59(1):20-28. doi:10.1111/adj.12134
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