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Abstract
This commentary attempts to clarify the setting of photobiomodulation (BPM) therapy in the management of oral mucositis. The
suggested dose range balances efficacy data with our current understanding about PBM safety. The literature about the molecular
basis of photobiomodulation and its controversial relationship to malignant transformation is briefly presented.
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Commentary

Photobiomodulation (PBM) has become a recognized thera-
peutic modality for a range of pathologies, including oral con-
ditions [1] and a variety of oral complications of cancer treat-
ments [2]. A list of oral indications for PBM in cancer patients
has been proposed; however, the quality of available data varies
significantly. There is, however, sufficient evidence to support
the use of PBM in the management of oral mucositis [3–6]. The
MASCC/ISOO clinical practice guidelines for management of

oral mucositis are worded specifically regarding PBM, since
the treatment parameters are a crucial factor [6].

Our understanding of PBM therapy is increasing on multi-
ple fronts. Briefly, the main clinical effects include analgesia,
anti-inflammatory effect, and accelerated wound healing [1,
7]. Evidence suggests that PBM effects are mediated by inter-
ference with the redox status of the cell and are dependent on
the initial redox at time of exposure. Although the complete
biological mechanisms underlying the range of these effects
have not been elucidated, there is robust evidence for two
specific phases of light-tissue interaction. These include a pri-
mary, direct effect of the irradiant light on biological mole-
cules and a secondary, indirect effector response. Whereas the
primary event occurs immediately after the exposure, the sec-
ondary event will occur hours to days later. Two specific pri-
mary PBM mechanisms have been documented: an intracel-
lular pathway involving direct absorption by cytochrome C
oxidase, and an extracellular pathway involving activation of
growth factor, TGF-β1 [8, 9]. There is a plethora of down-
stream secondary biological mediators associated with PBM
treatments [10]. These include growth factors (BNF, GDNF,
FGF, bFGF, IGF-1, KGF, PDGF, TGF-β, VEGF); anti-
inflammatory cytokines (IL-2, IL-4, IL-8, IL10); pro-
inflammatory cytokines (IL-1α, IL-1β, IL-6, TNF-α, PGE2,
COX2); heat shock proteins (HSP70, HSP90); matrix metal-
loproteinases (MMP2, MMP9); and small molecules (ATP,
GSH, ROS, Ca++, NO, H+) among others. These mediators
are known to participate in proliferation, differentiation, an-
giogenesis, immune activation, anti- and pro-apoptosis, en-
hanced cell survival, and tumor growth. Of critical importance
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to optimization of desired effects is the concept of specific
parameters based on the biphasic dose model (Arndt-Schultz
curve) in which low-dose PBM stimulates, while higher doses
inhibit [11] Thus, there is increased awareness of the clinical
dosing for PBM therapy [12, 13].

While data on clinical benefits in mucositis are promising,
questions remain on a potential risk for transformation of pre-
malignant cells or stimulation/protection of malignant cells [7,
10]. There are several studies demonstrating equivocal data on
safety at the molecular or cellular level, animal models and
clinical trials [7, 10]. These inconsistencies could be attributed
to several factors including lack of uniformity in treatment
parameters; variations in patient population (mucosal surface
pigmentation, genomic determinants); cell types and condi-
tions used in studies (oral cancer, breast cancer, liver cancer,
bone cancer, hematologic cancer); and possibly exogenous
factors (smoking, chemotherapy/radiotherapy late effects).
Moreover, several molecular pathways outlined in PBM ther-
apy are also implicated in malignancies. Therefore, there ap-
pears to be no clear answer currently on level of risk and
relative significance compared to benefit of the treatment.

In an attempt to develop standards of safe and effective
practice, PBM application settingswere suggested for oral com-
plications of chemoradiation in head and neck cancer patients
[2]. The recommended parameters for the management of oral
mucositis in this population were wavelength between 633 and
685 nm or 780–830 nm, power output between 10 and
150 mW, and energy density of 2–3 J/cm2 and no more than
6 J/cm2. It is important to recognize that these parameter ranges
were based upon clinical efficacy reported in the literature,
rather than upon clinical safety data [4]. This was explicitly
mentioned by the authors, noting that the suggested dose range
wasmade as a precaution due to lack of specific safety evidence
[2]. In fact, multiple studies with PBM therapy for oral muco-
sitis have used energy density above 6 J/cm2 (reviewed in
Migliorati et al. [6]). No adverse effects were reported in the
immediate timeframe [4]; thus, the safety question is limited to
the long-term effect of PBM, mostly due to paucity of data.
Nevertheless, a recent study following the long-term effects of
PBM for oral mucositis suggested it may in fact improve sur-
vival among head and neck cancer patients treated with chemo-
radiotherapy [14]. Another recent paper in an animal model
shows the precise cellular pathway that mediates upper dose
threshold PBM involving cell stress orchestrated by ATF-4.
This may be used as a molecular biomarker to define clinical
safety [15]. It remains to be investigated if PBM may enhance
cancer therapy or potentially interfere with cancer therapy, and
well-designed future clinical studies are warranted.

While clinical data on PBM use in cancer patients appear to
be reassuring, the crucial factor is to insure treatment safety. It is
important to note that according to the current definition PBM is
a non-thermal process, and any significant tissue heating should
be explicitly avoided. We suggest that clinicians use the lowest

PBM dose that is clinically effective, and use all recommended
safety measures. It is also suggested that until we have more
specific data on tumor effects, direct exposure of the tumor site
during PBM treatment be avoided. At the same time, until ade-
quate PBM safety data becomes available from both clinical and
basic science studies, investigators have an obligation to explore
and provide detailed information in their publications of differ-
ent PBM device settings that provide the optimal risk: benefit
ratio in their settings.

In summary, current evidence suggests that PBMwith light
in the red or near infrared spectrum is safe and effective for the
management of oral mucositis in certain patient populations
and certain light settings. The suggested energy density (1–
6 J/cm2) does not exclude other settings. It is recommended to
avoid the tumor site and to follow good clinical practice. As
research advances, more specific recommendations in this
new and exciting field will become available.
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