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Photobiomodulation (PBM) therapy is an effective method for preventing and managing oral mucositis

(OM) in head and neck squamous cell carcinoma (HNSCC) patients undergoing radiotherapy alone or in

combination with chemotherapy. However, the potential effects of PBM therapy on premalignant and

malignant cells eventually present in the treatment site are yet unknown. The aim of this systematic

review was to analyze the effects of PBM therapy on HNSCC. A literature search was conducted in four

indexed databases as follows: MEDLINE/PubMed, EMBASE, Web of Science, and Scopus. The databases

were reviewed for papers published up to and including in October 2018. In vitro and in vivo studies that

investigated the effects of PBM therapy on HNSCC were selected. From the 852 initially gathered studies,

15 met the inclusion criteria (13 in vitro and 2 in vivo). Only three in vitro studies were noted to have a low

risk of bias. The included data demonstrated wide variations of study designs, PBM therapy protocols, and

study outcomes. Cell proliferation and viability were the primary evaluation outcome in the in vitro

studies. Of the 13 in vitro studies, seven noted a positive effect of PBM therapy on inhibiting or preventing

an effect on HNSCC tumor cells, while six studies saw increased proliferation. One in vivo study reported

increased oral SCC (OSCC) progression, while the other observed reduced tumor progression. Overall,

the data from the studies included in the present systematic review do not support a clear conclusion

about the effects of PBM therapy on HNSCC cells.

Introduction

Head and neck squamous cell carcinoma (SCC) (HNSCC) treat-
ment encompasses three modalities (surgery, radiotherapy,
and chemotherapy) that can be administered exclusively or
concomitantly with one another depending on the site of the
cancer and the stage of the disease.1,2 Use of the radiotherapy
approach often leads to acute toxicities such as oral mucositis
(OM), which is clinically characterized by painful ulcerations
in the oral mucosa.3,4 OM limits adequate nutritional intake,
increasing the risk of malnutrition and poor quality of life,

with the possibility of being a factor that increases overall
treatment costs and negatively impacts cancer prognosis due
to pain, bacteremia, and treatment interruptions.5–7

Photobiomodulation (PBM) therapy, also known as low-
level light therapy, is one of the therapeutic approaches for
OM management.8–10 At this time, there are three well-
described mechanisms of PBM therapy.11 The first, involves an
intracellular chromophore, cytochrome-C oxidase in the mito-
chondria; the second, cell membrane light-sensitive receptors
such as opsins and TRPV1; and, the third, an extracellular
latent growth factor, TGF-β1. In animal studies, PBM therapy
has demonstrated positive effects on the management of OM
by promoting tissue repair and anti-inflammatory effects.12–15

Human clinical trials have also demonstrated positive results
with the use of PBM therapy for preventing and managing
OM.16–18 Based on these therapeutic benefits of PBM therapy,
the Multinational Association of Supportive Care in Cancer
(MASCC) and the International Society of Oral Oncology
(ISOO) had designated PBM therapy as an effective adjunctive
treatment for managing OM in 2013 (currently under
revision).8
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PBM therapy offers an innovative, noninvasive, and non-
pharmacological approach for OM management. There have
been no reports of any side effects and it is well-tolerated by
tissues. However, the effects of PBM therapy on pre-trans-
formed or residual primary tumor cells present in the laser
treatment field are still being debated. Investigations regarding
the effects of PBM therapy on neoplastic cells have yielded con-
tradictory results.19–25 Therefore, the safety of PBM therapy in
HNSCC patients remains of major concern once laser treatments
can be applied to tissues within, or contiguous to, a tumor site.26

The aim of the present systematic review was to analyze studies
that investigated the effects of PBM therapy on HNSCC cells.

Materials and methods
Protocol registration and focused question

This review was registered with the National Institute for Health
Research’s International Prospective Register of Systematic
Reviews (http://www.crd.york.ac.uk/PROSPERO#CRD42017079588).
We followed the Preferred Reporting Items for Systematic
Reviews (PRISMA) guidelines.27 The specific question for this
review was: “What are the effects of photobiomodulation
therapy in head and neck squamous cell carcinoma?”

Search strategy

The research was constructed according to the Populations,
Interventions, Comparison, Outcomes, and Study Design
(PICOS) principle. Individual search strategies were designed
for each of the following bibliographic databases: MEDLINE/
PubMed, EMBASE, Web of Science and Scopus. The four
named electronic databases were searched to identify relevant
articles published up to and including in October 2018. All
publications included were in the English language only, with
no restrictions on year of publication. All publications pre-
sented in these databases contained a combination of con-
trolled predefined Medical Subject Heading (MeSH) terms and
free terms related to PBM therapy in HNSCC, using Boolean
operators (i.e., OR, AND) to combine searches. Previously
defined terms were adapted to the rules of syntax of each bib-
liographic database and included (((((((“tumor cells, cultured”
[MeSH terms]) OR “neoplastic stem cells” [MeSH Terms]) OR
“tumor stem cells”) OR “neoplasms”) OR “tumor”)) AND
(((((((“low-level light therapy” [MeSH Terms]) OR “low-level
laser therapy”) OR “laser therapies, low-level”) OR “irradiation,
low-power laser” OR “laser phototherapy”) OR “therapies,
photobiomodulation”) OR “phototherapy, laser”)) AND ((((“cell
proliferation” [MeSH terms]) OR “cell growth number”) OR
“tumor growth”) OR “stimulatory effect”). Additionally, a
manual search of bibliographies and reference lists of all
included studies were performed to identify any publications
not previously retrieved as part of the primary database searches.

Eligibility criteria

Inclusion criteria. This systematic review was based only on
the contents of original research studies investigating the

effects of PBM therapy on HNSCC. Study inclusion criteria
were as follows: those that contained (1) study population(s)
with HNSCC neoplastic cells and/or HNSCC tumors; (2) PBM
therapy as an intervention; (3) no treatment as a comparison
group; and (4) effects of PBM therapy on the treated popu-
lation as outcomes.

Exclusion criteria. Review papers, letters to the editor,
monographs, conference papers, book chapters, unpublished
data, and studies published in a language other than English
were all excluded. Separately, original research studies were
excluded when: (1) PBM therapy was used along with other
types of cancer treatments; (2) light therapy was performed
with the use of external cromophores, such as in photo-
dynamic therapy; (3) PBM therapy was not used as a treatment;
and/or (4) the population(s) assessed were not HNSCC-related.

Study selection and data extraction

Titles and abstracts of all studies were reviewed and, based on
the eligibility criteria, full texts were retrieved for complete
review. Two reviewers (F. M. S. and M. D. M.) reviewed all of
the papers independently and any disagreements were dis-
cussed with a third reviewer (A. R. S. S.) for concordance. The
following relevant information from eligible studies was col-
lected: (1) publication details (first author and year); (2)
samples [cell line(s) or animal model(s)]; (3) samples’ charac-
teristics (for in vitro studies: number of cells, darkness, dis-
tance between wells, reproducibility, growth medium; and for
in vivo studies: environmental conditions, tumor induction,
groups); (4) types and methods of evaluations; (5) main out-
comes; and (6) major conclusions. Specific attention was
focused on laser treatment parameters, as follows: (1) active
medium; (2) application procedure; (3) wavelength (in nano-
meters or nm); (4) energy density (also called fluence, in Joules
per square centimeters or J cm−2); (5) power (in milliwatts or
mW); (6) power density (also called irradiance, in mW cm−2);
irradiation time (in seconds); (7) spot size (in cm2); (8) energy
per point (in J); (9) schedule of irradiation; and (10) total
energy (in J). These laser parameters analyzed were based on
the consensus agreement of the design and the conduct of
studies recommended by the World Association for
Photobiomodulation Therapy (WALT). All the papers selected
were organized using EndNote (Clarivate Analytics,
Philadelphia, PA, USA).

Risk of bias assessment

For the assessment of bias, included studies were separated
into in vitro or in vivo investigations. For the methodological
quality of each in vitro study, criteria based on the parameters
for developing cell culture studies were adopted.28 The
included articles were evaluated according to the following
descriptions: (1) condition of cell culture; (2) description of
methodology to evaluate outcomes; (3) reproducibility; (4)
methods for preventing unintentional light scattering during
laser application; (5) description of laser treatment parameters
according to WALT recommendations; and (6) concurrence of
conclusions based on the results obtained. The information
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was classified as Yes when it was possible to find the infor-
mation or No if the information was not described, respect-
ively. The publications were classified according to their risk of
bias as “high” (one or two items classified as Yes), “medium”

(three or four items classified as Yes), or “low” (five or six
items classified as Yes). Regarding in vivo studies, the
Systematic Review Centre for Laboratory Animal
Experimentation’s (SYRCLE) risk of bias tool was used to
assess the quality of available evidence.29 The items here were
scored as Yes, No, or Unclear.

Statistical analysis

Due to a lack of methodological uniformity in the included
studies, a meta-analysis of the obtained results was not feas-
ible. Therefore, the results are instead descriptively summar-
ized in this review.

Results
Study selection

A total of 852 potentially relevant records were identified from
the databases and further processed as per the PRISMA state-
ment (Fig. 1).27 After the removal of duplicates, 581 records
were further examined based on their titles and abstracts and
505 studies were excluded, as they did not meet the specific eli-
gibility criteria for this study. A total of 76 full-text articles
were finally evaluated and 64 were subsequently excluded for
the following reasons: (1) PBM therapy was investigated in cell

lines or tumors other than HNSCC (44 papers); (2) PBM
therapy was associated with another type of treatment such
chemotherapy or photodynamic therapy (16 papers); (3) SCC
cell line was irradiated with CO2 laser (one paper); or (4) the
paper was a review paper (three papers). Three studies were
further included through a manual search of the bibliogra-
phies of included studies. A total of 15 studies fulfilled the
selection criteria of the present review and were included for
qualitative analysis.19–23,30–39

General characteristics of included studies

Of the 15 included studies, 13 were restricted to in vitro ana-
lyses, while two studies performed in vivo studies. The relevant
studies were conducted in various centers around the world
such as Brazil, Germany, Austria, Italy, and Taiwan and were
published between 1997 and 2018 (Fig. 2). The general descrip-
tions of the included studies are summarized (Table 1, in vitro
studies and Table 2, in vivo studies). The 13 in vitro studies
evaluated various HNSCC cell lines arising at specific anatom-
ical sites such gingival mucosa (ZMK and ZMK1), larynx (HEp-
2), KB (human papillomavirus-infected), SCC9 (tongue), SCC25
(tongue), and OC2 (buccal mucosa). Among these, 12 (92.3%)
reported the number of cells used in the experiments, three
(23.0%) reported ambient light conditions during PBM
therapy treatments, five (38.4%) reported the distance between
irradiated wells, seven (53.8%) reported replicates, and 12
(92.3%) described the growth medium used. Several methods
were employed to assess tumor cell proliferation or viability
from dye exclusion utilizing Trypan blue or neutral red to

Fig. 1 PRISMA flow diagram for systematic search and studies selection strategy.
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BrdU incorporation as well as enzymatic substrate cleavage
such as MTT, WST-1, or AlamarBlue assays. Some studies also
assessed the mitotic index via orcein staining and microscopy
or propidium iodide staining and FACS. Tumor cell death was
assessed using annexin staining and FACS, TdT-mediated
dUTP nick-end labeling (TUNEL) staining, or caspase-3
activity. The ability of tumor cells to migrate or invade was
assessed with a scratch-wound assay or Transwell chambers,
respectively. One study further examined invasiveness by inves-
tigating the osteoclastogenic response using TRAP activity,
interleukin-11 (IL-11), and parathyroid hormone-related
protein (PTHrP) gene expression, respectively.37 Another study
assessed reactive oxygen species (ROS) production by tumor
cells using FACS.23 Both included in vivo studies utilized
carcinogen-induced tumor models with 7,12-dimethylbenz[a]
anthracene (DMBA) in golden Syrian hamsters or
4-nitroquinoline-1-oxide (4-NQO) in mice. These studies exam-
ined the effects of PBM therapy on induction. The detailed
description of animal studies that were conducted was pro-
vided only in one of the research papers.38 These studies
used histopathology and immunohistochemistry for tumor
assessment.

PBM treatment parameters used in these studies

There is still an incomplete understanding of the critical PBM
treatment characteristics for effective therapeutic clinical
dosing. All of the parameters used in the included 15 studies
are summarized and outlined below (Table 3).

Laser source. The laser source was specifically reported in
six (40%) studies as gallium–aluminum–arsenide diode. One
study employed an argon laser. The remaining studies did not
explicitly specify the laser source(s) they used; however, the

wavelengths reported suggested they all incorporated diode
lasers.

Wavelength. Five studies used only one wavelength within
the visible red spectrum (630–670 nm) and three used the
wavelength of 660 nm. Two studies compared the effects of
application at 635 nm and 670 nm. Near-infrared wavelengths
(780, 808, 830, and 850 nm) were also investigated either by
themselves or in combination with visible red wavelengths.

Beam characteristics. Nine studies (60%) used the laser in
continuous-wave (CW) mode, while the rest did not report on
this parameter. Five studies reported the distance between the
laser source and the cells or tissue (two treatments were in
contact mode, whereas the other three used noncontact mode.
In the latter studies, distance between the laser source and
cells varied from 0.5–2 cm).

Power, spot size and power density (irradiance). The
maximal laser power was reported in 12 studies and varied
from 5 to 25 W. Power density is the effective power output at a
given surface area and is reported in mW cm−2. This para-
meter was reported in nine studies and varied from 0.39 to
1000 mW cm−2. The actual illuminated surface is deemed as
the spot size and can be as small as the size of the laser probe
tip itself when used in contact mode. Alternatively, in non-
contact mode, the spot size were calculated as the effective illu-
minated treatment area. Seven of 15 studies reported spot
sizes varying from 0.039 to 0.8 cm2.

Treatment time and schedule. Although the time is a critical
factor in dose estimation, surprisingly, only eight of the 15
studies reported this parameter, with findings varying from
8.2 to 450 seconds. Also, nine of the 15 studies informed on
the number of treatment sessions and intervals, which ranged
from one to seven days of consecutive treatments.

Fig. 2 Distribution of the included studies according to its respective countries.
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Table 1 Description of experimental details of in vitro studies included in this review

Study; year

Samples Study design

Type of evaluation/method Main outcomes Main conclusions
Cell line/animal
model

1. Number of cells;
2. Darkness;
3. Distance between wells;
4. Reproducibility;
5. Growth medium.

Schaffer et al.,
1997 19

Human SCC of
the gingival
mucosa (ZMK)

1. Not mentioned Mitotic index by Orcein
staining

ZMK tumor cells showed a non-significant
decrease of the mitotic index compared to control
in different irradiances

PBM therapy promoted an inhibition of
human SCC tumor cells

2. Not mentioned DNA-synthesis by BrdU-test The irradiation had no influence on the DNA
synthesis rate in all groups

3. Not mentioned
4. Yes
5. Not mentioned

Sroka et al.,
1999 20

Human SCC of
the gingival
mucosa (ZMK1)

1. Yes. Cell proliferation by BrdU-test Cell treatment with λ = 805 nm had no influence
on the DNA-synthesis rate

PBM therapy resulted in an inhibition of
human SCC tumor cells

2. Not mentioned. Rate of mitosis by Orcein-
staining

ZMK1 cells exhibited similar results using λ =
630 nm, λ = 635 nm, λ = 805 nm. Decrease in the
mitotic rate when exposed to light with 2–8 J cm−2

and remained stable up to 20 J cm−2. There was no
change in the mitotic rate in dependency of the
irradiance

3. Not mentioned.
4. Yes.
5. Yes.

Pinheiro
et al., 2002a 30

SCC of the
larynx (H.Ep.2
cells)

1. Yes Cell proliferation by MTT
method

The 670 nm group showed a tendency to increase
cell proliferation when compared to control (p =
0.014) and 635nm group (p = 0.004). Control and
635nm groups were similar (p = 0.455)

Cell proliferation increases in H.Ep.2 cells
irradiated with 670 nm. Dose and
wavelength may affect cell proliferation

2. Not mentioned
3. Yes
4. Not mentioned
5. Yes

Pinheiro
et al.,
2002b 31

SCC of the
larynx (H.Ep.2
cells)

1. Yes Cell proliferation by MTT
method

Significant differences in the proliferation were
observed between the two concentrations of FBS (p
= 0.002) and between irradiated cultures and
controls. Influence of the nutritional status of the
culture of both 670 nm and 635 nm irradiated
cultures was significantly different. The effect of
the wavelength was also demonstrated at the same
%FCS (p = 0.000)

Irradiation with 670 nm applied at doses
from 0.04 J cm−2 results in an increased cell
proliferation

2. Not mentioned
3. Yes
4. Not mentioned
5. Yes
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Table 1 (Contd.)

Study; year

Samples Study design

Type of evaluation/method Main outcomes Main conclusions
Cell line/animal
model

1. Number of cells;
2. Darkness;
3. Distance between wells;
4. Reproducibility;
5. Growth medium.

Kreisler et al.,
2003 32

Human larynx
carcinoma cells

1. Yes Proliferation activity by
Alamar Blue assay

After 24 h and 72 h, the irradiated cell cultures
showed a higher proliferation activity compared to
controls in all irradiation regimens

809 nm PBM therapy had a considerable
stimulatory effect on the cell proliferation

2. Not mentioned
3. Not mentioned
4. Not mentioned
5. Yes

Castro et al.,
2005 33

Oral carcinoma
cells, strain KB

1. Yes Cell proliferation by MTT
method

Cultures irradiated with λ = 830 nm exhibited
increased proliferation than control (from 24 h
until 72 h). The results demonstrated that time
influenced significantly both controls and cultures
irradiates with λ = 685 nm and λ = 830 nm

Positive biomodulatory effect of PBM
therapy on the proliferation of KB cells. It
was influenced by the wavelength

2. Not mentioned
3. Yes
4. Not mentioned
5. Yes

Werneck
et al., 2005 34

SCC of the
larynx (H.Ep.2
cells)

1. Yes Cell proliferation by MTT
method

Cultures irradiated with λ = 685 or λ = 830 nm
wavelengths had increased cellular proliferation
compared to non irradiated controls. Time had a
significant effect on the proliferation of samples
irradiated by λ = 685 nm

Positive biomodulatory effect of PBM on H.
Ep.2 cells irradiated by λ = 685 and λ =
830 nm lasers compared with controls non
irradiated samples

2. Not mentioned
3. Yes
4. Not mentioned
5. Yes

Schartinger
et al., 2012 21

Human oral
SCC cell line
(SCC25).

1. Yes Cell proliferation by MTT
method

Lower absorbance was observed after PBMT
treatment of SCC-25 than the sham controls (p <
0.001). PBMT induced a significant 0.8-fold
decrease in the level of proliferation in SCC-25
cells

No proliferative or antiapoptotic effects of
PBM on SCC cells were observed

2. Not mentioned Cell cycle analysis by FACS
analysis (PI DNA staining)

PBM induced an increase in the percentage of
S-phase in SCC-25 (p < 0.001). The increase in
S-phase cells paralleled the decrease in G1-phase

3. Not mentioned Apoptosis assay by FACS
analysis (Annexin V-FITC)

In SCC-25 cells, the relative amount of Annexin V+

cells was higher in laser treated cultures than in
the controls (p = 0.02)

4. Yes
5. Yes
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Table 1 (Contd.)

Study; year

Samples Study design

Type of evaluation/method Main outcomes Main conclusions
Cell line/animal
model

1. Number of cells;
2. Darkness;
3. Distance between wells;
4. Reproducibility;
5. Growth medium.

Sperandio
et al., 2013 35

Oral SCC cell
lines (SCC9 and
SCC25).

1. Yes Cellular viability by MTS assay SCC9 lines presented general enhanced cell
viability (λ = 780 nm) and pronounced inhibition
of growth (λ = 660 nm). SCC25 lines showed
growth stimulation at some fluences (λ = 660 nm
and λ = 780 nm). SCC9 and SCC25 had a tendency
to show lower levels of cell viability at the latest
evaluation time point (72 h)

PBM therapy can modify SCC9 and SCC25
cell lines growth by modulating the Akt/
mTOR/CyclinD1 signaling pathway. PBM
significanty modified the expression of
proteins related to progression and
invasion in all the cell lines and could
aggravate oral cancer cellular behavior.
Apoptosis was detected for SCC252. Not mentioned Protein analysis by western

blot and immunofluorescence
The Akt, pAkt, Hsp90, S6, CyclinD1, β-actin were
influenced by PBM. PBM increased the expression
of pAkt, pS6 and cyclin D1 and produced an
aggressive isoform of Hsp90

3. Not mentioned Apoptosis assay by TUNEL Apoptosis was only detected in SCC25 cell line
irradiated with λ = 780 nm, 6.15 J cm−2 at 48 h and
3.07 J cm−2 at 72 h

4. Not mentioned
5. Yes

Henriques
et al., 2014 36

Human tongue
SCC (SCC25)

1. Yes Cell growth by Trypan blue After 24 h, SCC25 cells irradiated with 1.0 J cm−2

showed the highest proliferation when compared
to the control and the group irradiated with 0.5 J
cm−2 (p = 0.019)

PBM therapy stimulated the proliferation
and invasion of SCC25 cells in a dose- and
time-dependent manner, influencing the
expression of cyclin D1, B-catenin,
E-cadherin and MMP-92. Yesa Cell cycle by flow cytometry

(PI)
After 24 h, all groups showed a reduction in the
number of cells in the G0/G1 phase with an
increase in the S and G2/M phases. L1.0 demon-
strated a more pronounced difference (p = 0.027)
and the control group the lowest proportion of
cells in the S and G2/M phases (p = 0.027). Laser-
irradiated groups showed generally constant or
slightly higher proportion of cells in the S and G2/
M phases compared to control. L1.0 presented the
highest proportion of cells in the G2/M phase
throughout the experiment (p = 0.027)

3. Yes Protein analysis (cyclin D1,
β-catenin, E-cadherin, MMP-9)
by immunofluorescence and
flow cytometry

PBMT influenced the expression of cyclin D1,
β-catenin, E-cadherin and MMP-9. Cyclin D1 and
nuclear β-catenin demonstrated an increased
expression. PBMT at 1.0 J cm−2 significantly
reduced E-cadherin and induced MMP-9
expression

4. Yes Invasion assay by transwell
chamber

A significantly higher invasion potential was
observed for L1.0 when compared to control and
L0.5 group (p < 0.001)

5. Yes
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Table 1 (Contd.)

Study; year

Samples Study design

Type of evaluation/method Main outcomes Main conclusions
Cell line/animal
model

1. Number of cells;
2. Darkness;
3. Distance between wells;
4. Reproducibility;
5. Growth medium.

Liang et al.,
2015 23

Human oral
cancer OC2
cells (OC2)

1. Yes Cell viability assay by WST-1 PBMT significantly diminished cell viability of
OC2 cells

PBM therapy induced apoptosis in human
oral cancer cells, possible mediated by ROS
production and the loss of MMP2. Not mentioned Cell cycle by FACScan flow

cytometer (PI)
PBMT increased the number of OC2 cells in G1
and subG1 phases

3. Not mentioned ROS production measurement
by FACScan flow cytometer
(H2DCFDA)

The production of ROS was significantly elevated
in irradiated OC2 cells

4. Yes MMP detection by FACScan
flow cytometer (CCCP)

MMP was lost in irradiated OC2 cells

5. Yes Apoptosis analysis by FACScan
flow cytometer (Annexinv V+)

PBM increased the number of apoptotic cells in
OC2 cells

Schalch et al.,
2016 37

Human lingual
SCC (SCC9)

1. Yes Viability/proliferation of SCC9
cells by MTT assay

103 SCC9 per cm2 showed increases in cell prolifer-
ation compared to non-irradiated. 104 SCC9 per
cm2 showed cell proliferation slightly lower (day 1)
or similar/higher (longer periods) than the non-
irradiated

PBM irradiation with an energy density of
4 J cm−2 decreased the pro-osteoclastogenic
potential of SCC9 cells

2. Yesb Characterization of the
osteoclastogenic response by
TRAP (pNPP) hydrolysis
assay), actin rings and
expressing vitronectin and
calcitonin receptors

Co-cultures with 103 SCC9 per cm2 showed no sig-
nificant differences until day 14. At day 21, it was
observed sharp TRAP decreases of ∼60% (660 nm–
4 J cm−2–40 mW) and ∼90% (780 nm–4 J cm−2–
70 mW) compared with SCC9 non-irradiated cells.
With 104 SCC9 per cm2, it was observed a slight
TRAP decrease at day 14 and a sharp TRAP
decrease at day 21 (4 J cm−2). The 70 mW output
power caused the highest TRAP decrease

3. Not mentioned Characterization of the
osteoclastogenic response by
intracelular signaling pathways
(MEK, p38, NFkB, JNK)

For monocultured PBMC, TRAP activity partially
decreased in the presence of MEK and JNK, was
abolished fo NFkB and was not significant for p38

4. Yes IL-11 and PTHrP gene
expression by RT-PCR method

For non-irradiated SCC9 + PBMC, no significant
effects for TRAP activity was seen in the presence
of MEK and p38 pathway inhibitors, decreasing in
the presence of NFkB and JNK

5. Yes For irradiated SCC9 + PBMC, MEK and p38
pathways inhibitors significantly decreased TRAP
activity. TRAP activity was also reduced for NFkB
and JNK
Increased expression of IL-11 and PTHrP in
irradiated cells with 780 nm–4 J cm−2–40 mW and
660 nm–4 J cm−2–40 mW at day 2. With 9 days, the
molecules expressions in irradiated cultures were
lower than in the non-irradiated ones
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Table 1 (Contd.)

Study; year

Samples Study design

Type of evaluation/method Main outcomes Main conclusions
Cell line/animal
model

1. Number of cells;
2. Darkness;
3. Distance between wells;
4. Reproducibility;
5. Growth medium.

Schalch et al.,
2018 39

SCC9 cell line 1. Yes Mitochondrial activity by MTT
assay

PBMT significantly decreased the mitochondrial
activity of irradiated SCC9 cells compared to
control, except for the cells irradiated with 660 nm–
30 mW–2 J cm−2

PBM therapy with 780 nm–70 mW and
40 mW–4 J cm−2 demonstrated an induc-
tion on apoptosis and a reduction on cell
viability and migration capacity of irra-
diated SCC9 cell line2. Yesc Apoptosis by caspase 3 activity PBMT significantly increased caspase 3 activity of

irradiated SCC9
3. Not mentioned Cell viability by neutral red

assay
Cell viability of irradiated SCC9 cells was
significantly decreased with 660 nm–40 mW–4 J
cm−2 and 780 nm–40 mW and 70 mW–4 J cm−2

4. Yes Cell proliferation by BrdU
assay

No differences in the number of BrDU-positive
cells were found between irradiated and control
cells

5. Yes Migration by scratch-wound
assay

Reduction in the migration capacity of the tumor
cells

a Partial darkness. bDim lighting. cMinimal ambient lighting. BrdU, 5-bromo-2-deoxyuridine; λ, wavelength; nm, nanometer; PBM, photobiomodulation; SCC, squamous cell carcinoma;
MTT, 3-(4,5-dimethyl-2-thia-zolyl)-2,5-diphenyl-2H-tetrazolium bromide; FACS, fluorescent-activated cell sorting; PI, propidium iodide; FITC, fluorescein isothiocyanate; TUNEL, TdT-
mediated dUTP Nick-end labeling; MMP, matrix metalloproteinases; TRAP, tartrate-resistant acid phosphatase; pNPP, para-nitrophenyl phosphate; NFkB, nuclear factor kappa B; IL-11, inter-
leukin 11; PTHrP, parathyroid hormone-related protein; RT-PCR, reverse transcription-polymerase chain reaction; ROS, reactive oxygen species

Table 2 Description of experimental details of in vivo studies included in this review

Study; year

Samples Study design

Type of evaluation/method Main outcomes Main conclusionsCell line/animal model

1. Environmental
conditions;
2. Tumor
induction;
3. Description of
groups.

Monteiro
et al.,
2011 22

Oral chemical
carcinogenesis (DMBA)
on hamsters cheek
pouch model

1. Not mentioned Histological analysis by light microscopy G1 showed 100% well-differentiated SCC. G2
showed 20% moderately differentiated and
80% well-differentiated SCC. G3 showed
40% well differentiated, 40% poorly
differentiated, and 20% moderately
differentiated SCC

PBM caused a significant
progression of the
severity of SCC in the
oral cavity of hamsters

2. Yes
3. Yes

Ottaviani
et al.,
2016 38

Oral carcinogenesis
(4NQO) mouse tongue
model

1. Yes Microscopic evaluation by histopathological
analysis (diagnosis and grading),
immunofluorescence (fluorescein isothiocyanate-
labeled lectin) and immunohistochemistry (anti-
CD31 and -αSMA)

αSMA+ arterioles were significant increased
in laser treated lesions. A more regular and
structured vessel pattern was showed by the
perfusion of fluorescein-labeled lectin

PBM inhibited tumor
progression and
improved functional
vessel maturation

2. Yes Laser treatment reduced the appearance of
dysplastic lesions and was more effective in
reducing the number and the percentage of
both in situ and invasive carcinomas

3. Yes
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Table 3 Parameters used for PBM treatments in studies included in this review

Study; year Active medium
Application
procedure

Wavelength
(nm)

Energy
density
(J cm−2)

Power
(mW)

Power
density
(mW cm−2)

Irradiation
time

Spot
size
(cm2)

Energy
per point
(J) Schedule of irradiations

Total
energy
(J)

Schaffer et al.,
1997 19

— — 805 2 to 20 — 50 and 150 — — — — —

Sroka et al.,
1999 20

Ar+-Pumped
tunable dye
laser

— 630 0 to 20 — 50 and 150 — — — — —

GaAlAs 635
805

Pinheiro et al.
2002a 30

— CW 635 0.04 to 0.48 5 — — — — Seven consecutive days —
670

Pinheiro et al.,
2002b 31

— CW 635 0.04 to 4.8 5 — — — — Seven consecutive days —
670

Kreisler et al.,
2003 32

GaAlAs CW 809 1.96 10 — 75.0 s — — — —
Noncontact 3.92 150.0 s

7.84 300.0 s
Castro et al.,
2005 33

— — 685 4 31 — — 0.8 — 48 h intervals —
830 34.5

Werneck et al.,
2005 34

— — 685 4 31 — — 0.8 — — —
830 34.5

Monteiro et al.,
2011 22

— CW 660 56.4 30 424 133.0 s 0.07 4 48 h intervals —

Schartinger
et al., 2012 21

GaAlAs Noncontact 660 — 350 0.39 to 63.7 15 min — — Three consecutive days for
15 min

—

Sperandio
et al., 2013 35

GaAlAs Contact 660 2.05 40 — — 0.039 — — —
780 3.07

6.15
Henriques
et al., 2014 36

InGaAlP CW 660 0.5 30 30 16.0 s 0.03 — 0 and 48 h 0.48
Noncontact 1.0 33.0 s 0.99

Liang et al.,
2015 23

— CW 810 0 — 1000 00.0 s — — — —
10 10.0 s
30 30.0 s
60 60.0 s

Schalch et al.,
2016 37

— CW 660 4 30 214.29 25.3 s 0.14 — 1 session 0.76
Contact 780 4 30.8 220 24.7 s 0.76

4 53.9 385 14.1 s 0.76
Ottaviani et al.,
2016 38

GaAs +
InGaAlAsP

CW 970 6 2500a 200 30.0 s — — Once a day for 4
consecutive days

—

Schalch et al.,
2018 b 39

— CW 660 1.4 22.5 160.7 8.4 s 0.14 — 1 session 0.19
780 2.7 30 160.7 16.9 s 0.38

2.7 23.1 214.3 12.7 s 0.38
5.4 30.8 214.3 25.3 s 0.76
8.1 53.9 214.3 38.0 s 1.14
1.4 165.0 8.2 s 0.19
2.7 165.0 16.5 s 0.38
2.7 220.0 12.3 s 0.38
5.4 220.0 24.7 s 0.76
8.1 220.0 37.0 s 1.14
5.4 385.0 14.1 s 0.76

GaAlAs, alluminium–gallium–arsenide; InGaAlP, indium–gallium–alluminium phosphide; GaAs, gallium–arsenide; InGaAlAsP, indium–gallium–alluminium phosphide; CW, continuous
wave. a The device was used in an unfocused manner. b The study used 11 combinations of dosimetric parameters; for cell viability (neutral red assay), cell proliferation (incorporation of
BrdU assay) and migration (scratch-wound assay) only the parameters that used an energy density of 4 J cm−2 were chosen.
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Energy, energy per point, total energy, and energy density
(fluence). Two studies mentioned total energy, while only one
reported on energy per point. All, but one, study reported
energy density that varied from 0 to 60 J cm−2.

Risk of bias

Among the 15 included studies, five in vitro studies were classi-
fied as having a high risk of bias, while five had a medium risk
and three had a low risk (Table 4). The two in vivo studies
appeared to have a medium risk of bias as per the SYRCLE’s
risk of bias assessment criteria (Table 5).

Major outcomes regarding HNSCC following PBM treatments

Of the 13 in vitro studies, seven noted a positive effect of PBM
therapy on inhibiting or preventing an effect on HNSCC tumor
cells, while six studies saw increased proliferation. One in vivo
study reported increased oral SCC (OSCC) progression, while
the other observed reduced tumor progression (Fig. 3). The fol-
lowing sections presents further details and relevant descrip-
tions of outcomes of individual studies grouped by their
overall outcomes.

In vitro studies with positive impacts of PBM therapy on
HNSCC cells

Schaffer et al. and Sroka et al. analyzed the effects of PBM
therapy on human SCC cells of the gingival mucosa (ZMK and
ZMK1).19,20 Based on the outcomes of Orcein and BrdU stain-
ing, both studies did not observe any significant change in the
mitotic index of tumor cells when PBM treatments (630, 635
and 805 nm lasers; 50–150 mW cm−2; 20 J cm−2) were com-
pared with nontreated controls. Schartinger et al. investigated
the effects of 660 nm PBM therapy on proliferation, cell cycle
distribution, and apoptosis in human oral carcinoma cells
(SCC25), a nonmalignant bronchial epithelial cell line, and
periodontal-derived normal fibroblasts.21 This study observed
that PBM treatments at irradiances of 0.39 to 63.7 mW cm−2

for 15 minutes resulted in fibroblast proliferation but reduced
the cell viability of epithelial and SCC cells, as observed with
the MTT assay. Examining the cell cycle with propidium iodide
and FACS analyses, the authors reported an increased percen-
tage of S-phase SCC cells that also demonstrated increased
apoptosis with annexin V staining. Sperandio et al. separately
examined the effects of 660- and 780 nm PBM therapy on three
cell lines, specifically dysplastic oral keratinocytes, SCC9, and
SCC25.35 These investigators showed that PBM therapy
(40 mW; 2.05, 3.07, or 6.15 J cm−2) reduced cell viability in all
three cell lines. They also noted that the expressions of Akt,
HSP70, S6, and cyclin D1 were significantly modulated by PBM
treatments and correlated with reduced overall survival and
increased apoptosis of tumor cells.

Another study by Liang et al. examined the effects of
another popular near-infrared PBM wavelength (810 nm) on a
human oral cancer cell line (OC2) and normal human gingival
fibroblast cells.23 PBM therapy was performed at varying flu-
ences from 0 to 60 J cm−2 and tumor cells were noted to have
reduced viability along with an increased cell count in the G1 T
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and sub-G1 cell cycle phases. Further, ROS production,
reduced matrix metalloproteinase (MMP), and increased
caspase-3-mediated apoptosis were evident in PBM-treated
OC2 cells. In subsequent studies by Schalch et al. similar
effects were observed with 660- and 780 nm PBM treatments
on SCC9 cells at 4 J cm−2.37,39 These investigations also noted
the existence of reduced tumor cell viability, increased apopto-
sis, and reduced cell migration. Further, Schalch et al. reported
the ability of PBM-treated SCC9 cells to lower tartare-resistant

acid phosphatase (TRAP), positive osteoclastic activity via
reduced IL-11, and PTHrP concentration.37

In vitro studies with negative impacts of PBM therapy on
HNSCC cells

Two studies by Pinheiro et al. and one by Werneck et al. used
the HEp-2 SCC cell line and analyzed cell proliferation using
the MTT assay.30,31,34 These studies reported the occurrence of
a significant increase in cell proliferation following treatments
with 635, 670, 685, and 830 nm as compared with non-treated
controls. A similar response was reported by Kreisler et al. who
used PBM therapy with 809 nm laser treatments on human
larynx carcinoma cells and assessed proliferation using the
AlamarBlue assay.32 Interestingly, Castro et al. assessed the
proliferation of oral KB carcinoma cells treated with 685 and
830 nm and noted increased tumor cell proliferation with the
MTT assay.33 Finally, Henriques et al. used PBM therapy with
application of 660 nm of energy on a tongue SCC cell line
(SCC25) and observed an increased proliferation of tumor
cells.36 They performed cell cycle analyses where a predomi-
nant cell subpopulation in the S and G2/M phases was
observed. This correlated with findings of increased cyclin D1
and β-catenin and decreased MMP-9 expression that correlated
with an increased invasive potential of these tumor cells.

In vivo studies using PBM therapy on HNSCC tumors

Two in vivo studies examined the effects of PBM therapy on
OSCC tumors in animal models. Monteiro et al. evaluated the
effect of 660 nm PBM therapy on chemically induced cancer
[9,10-dimethyl-1,2-benzanthracene and DMBA three times a
week for eight weeks] of the oral mucosa of golden Syrian ham-
sters.22 At the end of eight weeks of cancer induction, one
group of animals was sacrificed and examined histologically
using a World Health Organization (WHO) grading system. All
studied animals had developed well-differentiated SCC. Two
additional groups of animals were then either observed for
four weeks or treated with PBM therapy with irradiance at
424 mW cm−2 for 133 seconds every other day for four weeks,
for a total fluence value of 56.4 J cm−2 per treatment session.
While the PBM-treated groups demonstrated 40% well-differ-
entiated SCC, 20% moderately-differentiated SCC, and 40%

Table 5 Criteria used to assess risk of bias in in vivo (b) studies (SYRCLE’s RoB tool)

Monteiro et al.,
2011 22

Ottaviani et al.,
2016 38

Was the allocation sequence adequately generated and applied? No No
Were the groups similar at baseline or were they adjusted for confounders in the analysis? Yes Yes
Was the allocation to the different groups adequately concealed? Unclear Unclear
Were the animals randomly housed during the experiment? Unclear Unclear
Were the caregivers and/or investigators blinded from knowledge which intervention each animal
received during the experiment?

Unclear Unclear

Were animals selected at random for outcome assessment? Unclear Unclear
Was the outcome assessor blinded? Unclear Unclear
Were incomplete outcome data adequately addressed? Unclear Unclear
Are reports of the study free of selective outcome reporting? Unclear Unclear
Was the study apparently free of other problems that could result in high risk of bias? Yes Yes

Fig. 3 Summary of the results from the included studies.

Perspective Photochemical & Photobiological Sciences
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poorly-differentiated-SCC findings, the non-PBM-treated group
demonstrated 80% well-differentiated-SCC and 20% moder-
ately-differentiated-SCC outcomes, with a statistically signifi-
cant difference. Based on these observations, the authors con-
cluded that PBM therapy might promote a progression of the
severity of SCC in vivo.

In contrast, Ottaviani et al. explored the effects of PBM
therapy in various cultured cells and in vivo models of cancer.38

Among them, one of their studies involved a 4NQO-induced (16
weeks in drinking water) OSCC model in C57BL/6 female mice.
One group of these animals was treated with PBM therapy
(970 nm; 200 mW cm−2 for 30 seconds four times a week for
four weeks; 6 J cm−2). Histopathological examination demon-
strated that PBM therapy significantly reduced the incidence of
dysplastic lesions as well as the number and percentage of both
in situ and invasive SCCs in these animals in comparison with
among non-PBM-treated controls. Immunohistochemical ana-
lyses of tumor samples using CD31 and αSMA staining noted
more regular and structured tumor vasculature patterns. Based
on these observations, the authors concluded that PBM therapy
inhibits OSCC tumor progression.

Discussion

There is strong evidence supporting the use of PBM therapy as
an effective treatment in OM management associated with
oncotherapy for head and neck cancer (HNC) or other
malignances.8,40,41 However, due to the reported stimulatory
biological effects of PBM therapy on various tissues, the safety
of PBM therapy appears to still being debated.26,42 Two recent
clinical studies analyzed the impact of PBM therapy used for
the prevention of OM through different tumor outcomes in
HNC patients.6,43 Antunes et al. retrospectively evaluated the
overall, disease-, and progression-free survival of 94 HNC
patients submitted to PBM therapy (λ = 660 nm, 100 mW, 1 J,
4 J cm−2) to prevent OM.6 Their study demonstrated that

patients receiving PBM therapy had a statistically better treat-
ment response, displayed increase in progression-free survival,
and a tendency for better overall survival when compared with
the placebo group. Brandão et al. examined outcomes of
cancer therapy and the incidence of tumor recurrence in
locally advanced OSCC patients treated with PBM therapy (λ =
660 nm, 40 mW, 0.4 J, 10 J cm−2) for OM.43 The authors con-
cluded that the prophylactic PBM therapy did not impact treat-
ment outcomes of the primary cancer, recurrence, new
primary tumors, or survival of the patients. Specifically, the
effects of PBM therapy on residual or dormant tumor cells in
cancer patients remain a concern. This fact motivated the
current systematic review to examine the literature regarding
the effects of PBM therapy on HNSCC. A total of 13 in vitro and
two in vivo studies were finally included. Unfortunately, the
analysis of the 13 in vitro studies revealed significant variations
in cell lines, culture conditions, methodological designs, PBM
parameters, and evaluation methods. Moreover, five studies
presented high risks of bias, another five were noted to have a
medium risk of bias, and only three studies demonstrated low
risk of bias. The two in vivo studies appeared to have a medium
risk of bias due to the lack of adequately reported study para-
meters. Therefore, the overall conclusions of this review
acknowledge important methodological limitations that compro-
mise the reliability and direct significance of the data analyzed.

Summary of in vitro results

Our analyses showed that investigators used a broad range of
HNSCC cell lines and methods to examine the effects of PBM
therapy. Overall, six studies reported increased tumor cell pro-
liferation and five studies noted tumor cell inhibition follow-
ing PBM therapy. There appears to be some evidence that
tumor cell viability could be enhanced or diminished depend-
ing on the precise culture conditions and laser treatment para-
meters used (Table 6). Tumor cells from various anatomical
niches and various transformation processes including spon-

Table 6 Outline of key parameters identified in this review that could contribute to the variances in observed results for effects of PBM therapy on
tumor cells

Biological Device Outcomes
Cell origin Power Proliferation versus apoptosis

- Lineage - Power output
- Transfromation state - Power density (irradaince)

- Treatment surface irradiance

Cell density Time Cell viability

- Initial cell concentration - Single session - Membrane integrity
- Plating surface area - Repetitions Mitochondrial function
- Confluency at PBM treatments - Respiraroty and metabolic health
- Time outcome analyses

Culture conditions Energy Cell cycle analyses

- Media and supplements - Energy per point - Synetheitc phases
- Serum concentration - Energy density - Checkpoint arrest
- Synchronication of cell subpopulations - Total energy per session
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taneous (oral tumors), chemically induced (DMBA or 4NQO),
and virally induced (EBV) were used in these studies, which
might contribute to variations in PBM responses. Also, several
studies reported opposite responses of normal versus tumor
cell types in their results, which could be attributed to their
underlying differences in basal transcriptional and pathophy-
siological statuses.44 Schalch et al. observed that cell seeding
density appeared to be a major factor in determining precise
tumor cell response, as they noted SCC9 plated in lower (103

cells per well) densities showed consistent increased cell pro-
liferation, while plating cells at higher (104 cells per well) den-
sities resulted in a lowered viability of tumor cells post-PBM
treatments as compared with non-PBM-treated cells.37

Another important aspect to consider in these studies is
timing of both the outcomes analyses as well as the repetition
of PBM treatments. One of the best-understood processes of
PBM therapy is the direct absorption of light by the mitochon-
drial chromophore cytochrome-C oxidase, which results in
increased ROS and adenosine triphosphate (ATP) levels. This
induces concerted signaling and transcriptional pathways over
a period of several hours to days that are capable of modulat-
ing tumor cell functions.45 Moreover, differences in tumor
metabolism, oxidative stress status, time of treatments, and
repetitions of treatments would all be expected to result in dis-
crete differences in PBM responses assessed by various assays.

Several outcomes methodologies were employed in these
studies to assess tumor cell viability, proliferation, and apopto-
sis. It must be emphasized that, while these cellular character-
istics are intimately related, they are discrete from each other
and so must be evaluated individually. For example, the study
by Schalch et al. used three discrete methods namely, MTT
assay (mitochondrial activity), neutral red assay (cell viability),
and incorporation of BrdU (proliferation) to assess SCC9 cells
following PBM therapy.39 They observed that PBM therapy
reduced mitochondrial activity and cell viability but did not
interfere with cell proliferation.

Other cellular response mechanisms evaluated in these
studies include apoptosis, migration, and invasion. Four
studies examined tumor cell apoptosis using activated
caspase-3, annexin V, or TUNEL. All studies reported the
finding of increased tumor cell apoptosis following PBM treat-
ments. A recent review suggested that the increased ATP
within the cancer cells might also promote energy-dependent
cell death pathways.44,46 Three studies examined the effects of
PBM therapy on tumor cell migration and, while two studies
reported no differences, one study did observe increased inva-
sion. Interestingly, two of these divergent studies, by
Henriques et al. and Schalch et al. respectively, used compar-
able PBM parameters (660 nm, CW, ∼30 mW and ∼16 s) for all
but one aspect and also examined other markers of tumor cell
invasion such as E-cadherin, MMP, IL-11, and PTHrP
expression that correlated with their invasive phenotypes.36,37

A major difference between these two studies, however, is their
use of two different OSCC cell lines (SCC25 versus SCC9). Also,
the positively correlated study used higher doses (>1 J cm−2) as
compared with the other. However, this minimal difference in

these two studies does not allow for firm conclusions to be
made; more comparable studies are needed.

Perhaps a more thorough understanding of the cellular
response to PBM treatment could be particularly gleaned by
cell-cycle phase analyses that would outline all three cellular
responses—namely, viability, proliferation, and apoptosis.
Henriques et al.36 reported increased proportions of cells in
the S and G2/M phases at all time points with 660 nm PBM
treatments (30 mW and 1 J cm−2) as compared with controls
and PBM treatments at 0.5 J cm−2. On the other hand, Liang
et al.23 found that PBM therapy with 810 nm (1000 mW cm−2

and 60 J cm−2) resulted in G1 arrest and increased cell death in
human oral cancer cells. While their use of different PBM
wavelengths and doses is a clear confounder, making it
difficult to extrapolate these observations, these authors also
used two distinct cell lines (SCC25 versus OC2) with varying
growth characteristics, further increasing the difficulty of
applying their observations broadly. We attempted to compare
the most similar studies in terms of cell lines (SCC25) and
PBM treatment parameters (660 nm, ∼30 mW cm−2) that
reported opposite effects. We noted several differences in
initial cell seeding, media supplements (presence of dexa-
methasone), treatment repetitions, and outcomes assessments
that could all account for variations in tumor cell responses to
PBM therapy. Hence, there is a significant value of using
in vitro systems to analyze tumor cell responses to PBM
therapy, but more attention is necessary for elucidating appro-
priate biological and PBM treatment parameters for appropri-
ate interpretations.

Summary of in vivo results

Cell cultures have been extensively used since the early 1900s
and human cancer-derived cell lines are among the most
widely used models to study cancer biology. However, conven-
tional two-dimensional cell cultures poor mimic pathophysio-
logical conditions within living organisms and have limited
heterotypic cellular interactions.47 Thus, the application of
standardized preclinical in vivo models in animals is necessary
to circumvent limitations of such in vitro approaches. Of note,
for this review, we could only find two studies examining the
effects of PBM therapy on OSCC in animal models.22,37

Strikingly, both studies appear to show opposite outcomes.
While both studies used chemically-induced oral carcinogen-
esis models, they employed different animal models (hamsters
versus mice) and chemical carcinogens (DMBA versus 4-NQO).
Further, PBM treatments were performed with different wave-
lengths (660 versus 970 nm), irradiances (424 versus 200 mW
cm−2), treatment times (133 versus 30 seconds), and repetitions
(every two days versus every day) for four weeks. Unfortunately,
these significant differences do not allow for a rigorous com-
parison of the contrasting effects of PBM therapy on tumor
cells and, hence, more standardized studies are necessary.

Significant variations in PBM parameters

Clinically effective PBM therapies have been noted to have a
few key characteristics that can be broadly divided into the cat-
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egories of device parameters and treatment delivery para-
meters.11 Device parameters include wavelength, mode (con-
tinuous-wave or pulsing), polarization, power density, treat-
ment time, and energy density. PBM treatment delivery para-
meters include probe–target distance (also called treatment
surface irradiance) and stationary or probe-scanning move-
ments.48 PBM treatments of normal cells have been known to
follow the Arndt–Schulz law, where low doses do not cause any
effect but optimal doses within a therapeutic window generate
a therapeutic response and high doses reverse these beneficial
effects, respectively. The complexity of the light-biological
tissue interactions has prevented comprehensive description
of PBM dose variables. Hence, the current consensus is to
document and report as many treatment variables as
feasible.49,50 It would seem reasonable to expect tumor cells
may not follow this dose–response and therefore careful atten-
tion is necessary for PBM treatments of premalignant and
tumor tissues.44 A common error noted in several of these
studies is the use of a normal cell line as a control, but of
varying (unmatched) anatomical origin. There is growing evi-
dence that cells of distinct lineages require specific PBM doses
to evoke therapeutic responses.51

Unfortunately, as evident in this review (Table 3), there is a
significant lack of attention when reporting on PBM treatment
parameters. The most commonly reported parameters
included wavelength, power or power density, treatment time,
and energy or energy density. The wavelength refers to the
physical distance between two successive photonic waves and
determines several key PBM characteristics such as absorption
by specific biological chromophores and depth of laser pene-
tration. The PBM wavelength was reported by all studies and
ranged from visible (red, 630 nm) to near-infrared (970 nm)
spectrum. There appears to be significant variations in power
density (50 to 1000 mW cm−2), treatment times (8.4 to 900
seconds), and energy density (0.04 to 60 J cm−2). It is prudent
to emphasize that some of the treatments were performed only
once, while some were repeated on alternate days or every day
for up to four weeks. These variations were not explained in
any of the included studies. Therefore, the data do not allow
for the elaboration of consistent parameters that might
provide insights into PBM treatment effects on tumor cells.
Nonetheless, these reported parameters are within the MASCC
and ISOO recommendations of using the wavelengths of 633
to 685 nm or 780 to 830 nm with power outputs of between 10
and 150 mW and energy densities of 2 to 4 J cm−2 (but no
more than 6 J cm−2).8,52 In summary, future studies should
pay close attention to promoting standardization and on
detailed reporting of the parameters used for PBM treatments.

Clinical implications and conclusions

These analyses clearly demonstrate it is imperative to perform
better in vitro and in vivo studies in relevant animal models to
examine the effects of PBM therapy on HNSCC. Not only is
this critical for our understanding of fundamental tumor
mechanisms but also it is practically relevant to clinical safety
for the increasingly popular use of PBM therapy in OM preven-

tion and/or treatment in HNSCC patients. There are tantalizing
early reports on the use of PBM therapy in the prevention and
management of malignancy-related comorbidities as indicated
in two recent publications.6,43 Both studies noted a positive
correlation of PBM therapy in reducing OM incidence with no
significant adverse events. Further, somewhat surprisingly, a
statistically significant improvement in treatment responses
represented by an increase in progression-free survival and a
tendency for better overall survival was observed as compared
with the control groups.

In conclusion, this review clearly noted a lack of uniformity
in experimental protocols and PBM treatment parameters that
indicate that the current effects of PBM therapy on tumor cells
remain equivocal. While the clinical safety of PBM therapy
remains debatable, the available clinical evidence for its use as
an adjunctive supportive therapy for OM and other treatment
complications must be taken with caution. Thus, clinicians
should remain aware of the risks when treating HNSCC
patients and should avoid direct PBM treatment of suspicious
malignant sites or frank tumors. It is strongly suggested that
well-delineated studies, mainly based on in vivo models fol-
lowed by human clinical trials, must be pursued to better
evaluate the effects of PBM therapy on HNSCC patients.
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