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Abstract

Purpose Approximately 95% of patients undergoing radiotherapy (RT) experience radiation dermatitis (RD). Evidence has
suggested that photobiomodulation therapy (PBMT) can stimulate skin renewal and minimize RD. The aim of the present
paper was to investigate the efficacy of PBMT in RD prevention through a comprehensive literature review.

Methods A literature search of Ovid MEDLINE, Embase, and Cochrane databases was conducted from 1980 to March 2021
to identify RCT on the use of PBMT for RD prevention. Forest plots were developed using RevMan software to quantitatively
compare data between studies.

Results Five papers were identified: four in breast and one in head and neck cancer patients. Patients receiving PBMT
experienced less severe RD than the control groups after 40 Gray (Gy) of RT (grade 3 toxicity: Odds Ratio (OR): 0.57, 95%
CI1 0.14-2.22, p=0.42) and at the end of RT (grade 0+ 1 vs. 2+ 3 toxicity: OR: 0.28, 95% CI 0.15-0.53, p<0.0001). RT
interruptions due to RD severity were more frequent in the control group (OR: 0.81, 95% CI 0.10-6.58, p =0.85).
Conclusion Preventive PBMT may be protective against the development of severe grades of RD and reduce the frequency
of RT interruptions. Larger sample sizes and other cancer sites at-risk of RD should be evaluated in future studies to con-
firm the true efficacy of PBMT, also in preventing the onset of RD and to finalize a standardized protocol to optimize the
technique. At present, starting PBMT when RT starts is recommendable, as well as performing 2 to 3 laser sessions weekly.

Keywords Photobiomodulation therapy - Radiotherapy - Acute radiation dermatitis - Prevention - Laser therapy

Introduction causes disruptions in normal skin regeneration and cell

division, which consequently leads to cell damage or
Radiation dermatitis (RD) is a prevalent reaction that arises ~ death [3]. Acute RD typically occurs between 30 and
as a side effect of radiotherapy (RT), affecting approximately =~ 90 days of radiation exposure and manifests as erythema,
95% of patients undergoing RT [1, 2]. RD occurs when RT
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hyperpigmentation, dry desquamation, moist desquamation
and ulceration [4].

In breast cancer (BC) patients, roughly 90% and 30% of
patients have historically developed grade 1 and 2 reactions,
respectively [5]. Recent advances in RT techniques have sig-
nificantly lowered the severity of RD, with the incidence
after hypo-fractionated breast RT being approximately 38%
[6]. In head and neck cancer (HNC) patients, mild reactions
develop in virtually all subjects, but more severe and dose-
limiting toxicities happen in almost a fifth of irradiated sub-
jects [7]. Nonetheless, RD can profoundly affect patients’
health-related quality of life (HRQoL) and limit the treat-
ment duration and dose delivered, so it is important to man-
age or prevent RD and continue research.

Currently, there is no consensus on the optimal strategy
to prevent or manage RD. Recommendations include skin
cleansing, hydration, photoprotection, and general practices,
such as wearing loose cotton clothing and avoiding actions
that may irritate the skin [5]. The use of photobiomodulation
therapy (PBMT), originally defined as “low-level laser ther-
apy”’, consists of the application of low-power light sources
in the visible and infra-red spectrum to favour healing and
pain decrease, to contrast inflammation and offer antimicro-
bial properties [8].

The use of PBMT in oncology patients has increased
because it can be applied to different areas of the body
and can be used for different side effects [9]. In addition
to its high adherence and feasibility, symptom management
through PBMT can improve nutritional status, HRQoL, and
survivorship [10-12].

Given the potential benefits of PBMT in minimizing skin
toxicity and associated symptoms, this systematic review
and meta-analysis aimed to review randomized controlled
trials (RCT) that examined the role of PBMT in preventing
RD in patients undergoing RT treatment.

Materials and methods

A detailed description of the methodology for this paper
will be described in a separate publication by Behroozian
et al. To summarize, the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
were followed to conduct a literature search of the follow-
ing databases: OVID MEDLINE, Embase, and Cochrane
from 1946 to September 2020. An initial literature search
was conducted from 1946 to September 2020 as part of the
development of the Multinational Association of Supportive
Care in Cancer (MASCC) Guidelines for Radiation Derma-
titis Prevention and Management. This search was updated
to identify additional studies published until March 2021. A
PubMed search used keywords “PBMT” and “Radioderma-
titis”. Studies met the criteria for inclusion in this review if
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they (1) consisted of RCTs that examined the efficacy of an
intervention in RD prevention, and (2) investigated PBMT
versus a placebo, standard of care, or no intervention. If the
studies met these criteria and reported quantitative outcomes
that could be compared between studies, they were included
in the review and meta-analysis.

ReviewManager (RevMan) 5.4 software was used to
quantitatively compare the studies through forest plots. To
evaluate the overall quality of the studies in the meta-analy-
sis, the Cochrane Risk of Bias (RoB) tool was used [13], and
the Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) criteria was used to assess
the quality of evidence of each study [14]. Two independent
reviewers assessed the RoB of each trial (V.R. and M.G.).
Inconsistencies were solved by means of discussion and con-
sensus, and in cases of disagreement, a third reviewer was
consulted (G.N.M.). The methodological quality of evidence
was assessed using the Hadorn criteria [15].

Results
Literature search results

There were 5,173 articles identified in the initial literature
search of the five databases. Of these, five studies were iden-
tified on PBMT [16-20], four of which were included in the
quantitative analysis [16—19] (Fig. 1).

Study characteristics

Detailed characteristics of all included studies have been
summarized in Table 1. The studies included were published
between 2010 and 2021. Four of the studies evaluated BC
patients [16—18, 20] and one evaluated HNC patients [19].
All patients included in these studies were enrolled prior
beginning RT [16-20].

Risk of bias (Rob) and certainty of bias (GRADE)
in individual studies

An overall value of “some concern”, due to 100% “low”
rating on domains 1,3, and 4, and “some concern” rating
on domains 2 and 5 for all the studies was obtained. As for
GRADE, no flaws or minor flaws were detected, while major
flaws were identified in the Fife et al. (2010) study regarding
allocation concealment [18].

Individual study outcomes
All primary and secondary study outcomes have been listed

in Table 2. Fife et al. (2010) compared the use of PBMT
with sham therapy (i.e. using the same protocol in controls,
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Fig.1 Prisma diagram

but with an inactivated laser source) [18]. Patients in both
groups were recommended to apply Aquaphor (Beirsdorf
Inc, Wilton, CT) 3-4 times/day throughout the study. Skin
reactions were monitored at baseline, weekly during RT,
at the completion of RT, and two and six weeks after the
completion of RT using the National Cancer Institute
(NCI) 5-point scale for grading skin reactions by a blinded

Records included in quantitative
analysis
(n=4)

dermatologist. Authors observed no statistically significant
differences in the incidence of RD, discomfort, pain, con-
venience, or satisfaction with treatment between the two
groups (p>0.05) [18].

Robijns et al. (2018) compared the combination of PBMT
and topical skin care with sham and topical skin care alone
[16]. In addition to general skin care practices (e.g., wearing

@ Springer
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loose fitting clothing, gentle washing with or without mild
soap, patting dry with a soft towel instead of rubbing),
patients were instructed to apply a hydroactive colloid gel
(Flamigel®, Flen Pharma, Kontich, Belgium) on the irradi-
ated zone (3 times/day), starting at the first day of RT, and a
foam, absorbent, self-adhesive silicone dressing (Mepilex®,
Molnlycke Health Care, Gothenburg, Sweden) in case of
painful skin reactions and/or moist desquamation. Authors
used the RTOG/EORTC scales after 40 Gray (Gy) and
66 Gy, and evaluations were performed by two experienced
nurses. The study was blinded, with only the laser operator
aware of the patients’ allocation. Moreover, authors objec-
tively assessed skin reactions by measuring transepidermal
water loss (TEWL) and skin hydration levels after 40 Gy and
66 Gy RT using Tewameter® TM300 (Courage-Khazaka,
Cologne, Germany) and the Corneometer® (Courage-Khaz-
aka, Cologne, Germany). Reflectance spectrophotometry was
used to measure skin erythema and melanin using the Mex-
ameter® MX18 (Courage-Khazaka, Cologne, Germany).
Erythema and melanin indexes were significantly higher in
the control group (at baseline p=0.016 and p=0.019, respec-
tively). The skin hydration level was significantly lower at
the 40 Gy RT dose in the PBMT group (p =0.036), but both
groups had similar skin moisture index at the end of RT. The
TEWL index decreased in both groups at 40 Gy and was
significantly lower in the PBMT group than in the control
group at the end of RT (p=0.05) [16].

The same authors, one year later, evaluated the efficacy
of PBMT in the same cohort, using two separate patient-
reported scales: Radiation Induced Skin Reaction Assess-
ment Scale (RISRAS) (to assess RD severity) and the
Skindex-16 (to assess HRQoL) [17]. All the data were col-
lected at the beginning of RT, after 40 Gy, and after 66 Gy.
The RISRAS score (patient component) and Skindex-16
symptoms and functioning subscales (higher score, lower
HRQoL) decreased more prominently in the PBMT group.
They increased or remained stable in the control group,
giving an overall decrease in the total Skindex-16 score in
the PBMT group and a constant trend among controls. The
RISRAS score (researcher component) had a more pro-
nounced increase in the control group (p =0.04) over the
course of RT, despite no significant differences between the
two groups at 40 Gy (p =0.0562). In both cases, evaluators
were blinded [17].

In 2021, Robijns et al. published an additional prospec-
tive, multi-center RCT comparing PBMT with standard
skin care alone (following the same protocol of previous
trials) in post-lumpectomy BC patients undergoing hypo-
fractionated whole breast irradiation (HF-WBI) (LABRA
trial) [20]. Seventy-one patients were included in the final
evaluation, of which 39 were in the control group and 32
were in the PBMT group. PBMT was applied from the first
until the last day of RT (two sessions/week, eight in total) by

a trained operator using the class IV MLS® M6 laser (ASA
Srl). Patients’ skin reactions were evaluated by the modified
version of the RTOG criteria by two blinded, experienced
nurses, in the first, second, and third weeks, and at the end of
RT. Overall, after the first two weeks of treatment, half of the
PBMT subjects (n=16) had not developed acute RD (ARD),
while 30% (n=10) of controls did (p=0.13). At week three,
94% (n=30) of controls and all PBM subjects experienced
at least grade 1 RD; 6% (n=2) of controls already experi-
enced grade 2 reactions (p=0.11). At the end of RT, less
patients developed >2 grades of ARD in the PBMT group,
although this difference was not statistically significant and
the authors concluded that PBMT was not effective[20].

Robijns et al. (2021) also conducted a study on PBMT use
in HNC patients, evaluating skin toxicity and HRQoL [19].
PBMT was given to patients from the first day of RT until the
last day of RT, two times per week, in 14 sessions, by a trained
operator using the class IV MLS M6 laser (ASA Srl, Vicenza,
Italy) and compared to controls who received sham therapy.
Standard skin care, as described in the previous studies, was
provided to both groups. Two different grading systems were
used to score the severity of the skin reactions. The NCI-
CTCAE v4.03 and the RISRAS. All the measurements were
collected on the first day of RT, at an RT dose of 40 Gy, and
on the last day of RT (60-70 Gy). At a dose of 40 Gy, there
was no significant difference in skin toxicity between the con-
trol and PBMT groups (p=0.57). Towards the end of RT, the
number of severe skin reactions (grade 2-3) increased signifi-
cantly (p=0.01) in the controls. On the contrary, in the PBMT
group, the development of ARD remained stable (p=0.21).
As such, there was a significant difference in skin toxicity
between the two groups at the end of RT. Significantly more
patients (77.8%) had grade 2 or 3 toxicity in the control group
versus the PBMT group (28.6%) (p=0.002). The patients in
the PBMT group reported non-statistically significant lower
median RISRAS scores than the control group at 40 Gy and
at the end of RT. No significant differences were detected in
patients” HRQoL between the two groups at 40 Gy and at the
end of RT, although a trend toward lower HRQoL in controls
was seen. Despite the limited power of the study due to scarce
adherence to the protocol, the authors concluded that PBMT
significantly reduces the severity of ARD. Thus, they hypoth-
esized that an improvement in HRQoL may be demonstrated
with an increased sample size [19]. Across all studies, adverse
events other than RD were not reported.

Laser parameters

Characteristics of individual PBMT protocols have been
reported in Table 3. With the exception of the study by Fife
et al. (2010), all included studies originated from the same
authors, so treatment protocols were highly comparable [16,
17, 19, 20].

@ Springer



227 Page8of 14

Supportive Care in Cancer (2023) 31:227

Table 3 Protocol characteristics

Paper

Type brand

Laser protocol

Sessions

Control group

Fife et al. (2010)

PBMT vs Sham

(number of patients/whole
sample)

Robijns et al. (2018 SCC)

PBMT vs SHAM

(number of patients/whole
sample)

Gentlewaves Select 590-nm 2 cm distance

high-energy LED array

Class IV Diode MLS.M6
laser
(ASA Srl, Vicenza, Italy)

35 seconds
Pulses 250 ms on and 100
ms off for 100 pulses

Simultaneous 905 nm
pulsed mode (peak radi-
ant power 25W, duty
cycle of 50 %) and con-
tinuous mode at 808 nm
(average radiant power
3.3 W, aperture diameter
5 c¢cm, beam spot size at

target 19.625 cm2, power
density at target 0.168 W/
cm?). Energy density 4 J/

cm?2. The treatment time
varied according to the

to-be-treated surface area

Whole duration of RT, plus
seven additional daily
treatments

14 sessions of PBMT (2/
week), starting at the first
day of RT

Sham treatments, (the
button was not pressed
to deliver the light)

Sham treatments in which
the laser device was
switched off, but still
made the same sound as
an active laser

Robijns et al. (2019) # §
TRANSDERMIS
PBMT vs SHAM
(number of patients/whole
sample)
Robijns et al (2021) # §
LABRA
PBMT vs SHAM
(number of patients/whole
sample)
Robijns et al (2022) # §
DERMISHEAD
PBMT vs SHAM
(number of patients/whole
sample)

14 sessions of PBMT (2/ *
week), starting at the first
day of RT

From the first until the last
day of RT (2 sessions/
week, 8 sessions in total)
by a trained operator

From the first until the last
day of RT (2 sessions/
week, 8 sessions in total)
by a trained operator

PBMT Photobiomodulation, #,§, * consider the same data as the row before

Meta-analysis

After the systematic review, a meta-analysis was performed
on three studies to evaluate RD grades [16, 18, 20] and two
studies in the evaluation of RISRAS and Skindex scores
[17,19].

The pooled analysis demonstrates that the incidence
of severe RD (grade 3) was significantly lower in the
PBMT groups at the end of RT (at 40 Gy OR: 0.57, 95%
CI10.14-2.22, p=0.42 and at the end of RT OR: 0.15, 95%
CI 0.03-0.93, p=0.04). No significant differences emerged
among studies that exclusively evaluated BC patients (Fig. 2).
For BC and HNC together, at the end of RT (Fig. 3), results
were similar and PBMT was protective against RD in all
grades, except for grade 1 (OR: 3.40, 95% CI (1.52-7.53),
p=0.003) (Fig. 2). When considering erythema and edema
together with desquamation (grade 2—3), which are the most

@ Springer

frequent causes of patients’ discomfort and risk of RT inter-
ruption, the protective effect of PBMT over sham was more
evident at the end of RT (OR: 0.28, 95% CI 0.15-0.53,
p<0.0001). When comparing studies on BC subjects with
studies including both breast and HNC, it was found that
PBMT is protective against minor grades or the absence of
RD (OR: 0.07, 95% CI 0.01-0.32, p=0.0008). Study inter-
ruptions occurred more frequently in PBMT groups (OR:2.01,
95% C10.78-5.19, p=0.15), with the main reasons for inter-
ruptions being cited as “incomplete evaluations” and the
COVID-19 pandemic (Appendix 1). PBMT appeared protec-
tive against RT interruption, although cases of interruption
were limited and no significant difference could be established
(OR:0.81, 95% CI 0.10-6.58, p=0.85) (Appendix 1). The
meta-analysis for RISRAS and Skindex-16 scores (Appendix
2) did not provide significant results, but the trend favored
PBMT both at 40 Gy and at the end of RT.
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Fig.3 Forest plots showing comparison for lower grades (0-1) versus
higher grades (2-3) at the end of RT. A Grade 0,1 at the end of RT
considering all cancer sites. B Grade 0,1 at the end of RT considering
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only Breast Cancer patients. C Grade 2,3 at the end of RT consider-
ing all cancer sites. D Grade 2,3 at the end of RT considering only
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Discussion

The present systematic review showed there is still insuf-
ficient support for a comprehensive consensus for the treat-
ment of RD [21].

With the exception of the study by Fife et al. in 2010 [18],
all other studies included in the present review were con-
ducted recently [16, 17, 19, 20]. Since the majority of stud-
ies used the same laser parameters, protocols, and devices,
this allowed for comparison across trials. A recently pub-
lished meta-analysis on the same topic, including both RCT
and non-RCTs, concluded that PBMT may reduce grade 3
RD and pain, although with weak evidence due to methodo-
logically scarce power and low certainty of evidence [22].
We similarly found a protective role of PBMT for higher
grades at 40 Gy, while such differences were not evident
amongst low grades (0—1). This implies that starting PBMT
early during RT may be advantageous for later phases. This
is made more evident when we explored results from studies
that exclusively examined BC patients, for whom the sample
was much bigger than for HNC subjects. As such, increasing
the sample size might strengthen our results.

Notably, no patients developed grade 3 RD in the
LABRA Trial, which is the only trial that analyzes patients
receiving HF-WBI [20]. Since the standard skin care was
the same in other studies by the same authors, and because
patients were selected randomly, we hypothesize that the
RT protocol played a role in this. In fact, authors declare
that using HF-WBI decreases the number of fractions and
overall treatment time but can also decrease treatment direct
and indirect costs[20]. Other authors [23, 24] confirm that
HF-WBI is associated with a considerably lower incidence
of severe acute skin reactions compared to convention-
ally fractionated whole breast irradiation. Definitely, RT
regimen and its association with other treatments such as
chemotherapy should be considered as predictive factors
for side effects severity [25]. In the studies included in the
present systematic review, authors did not consider the role
of exclusive RT versus combined RT/chemotherapy. In fact,
Fife et al. and Robijns et al. included only patients receiv-
ing RT alone [16—-18], whereas patients in the LABRA and
DERMISHEAD trials receiving RT and chemotherapy regi-
mens were included [19, 20]. In addition, Fife et al. [18] did
not specify the randomization technique, whereas the cohort
analyzed in Robijns et al. (2018 & 2019) was stratified by
breast volume (small, medium, large) and the LABRA and
DERMISHEAD trial used the oncological treatment as cri-
terion to randomize patients [19, 20].

In accordance with previous studies, moist desquama-
tion was more frequent among patients with large breast
volume. This is relevant for clinical practice when when
deciding whether to apply PBMT with a preventive strategy
or when RD is already present. One of the major limitations
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of PBMT protocols, especially if preventive, is the need for
multiple sessions for a long time, which may be demanding
for the patients and the operators. Accordingly, given its
association with RD, breast size could be could be used as a
criterion for the application of PBMT.

Another interesting aspect was the report on the HRQoL
of patients. RT frequently causes impaired HRQoL and,
especially in HNC patients, hindered functional abil-
ity [26]. The evaluation of patient-reported outcomes is
becoming increasingly considered by physicians [27].
HRQoL in patients affected by RD following breast RT
has been shown to be worse in severe grades and during
advanced phases of RT [28]. Some authors even demon-
strated that there is a seasonal trend towards minor to major
HRQoL impairment due, for example, to reduced covering
clothing during summer or spotting due to moist desqua-
mation [29, 30]. Other authors demonstrated that shame
or concern regarding the appearance of the irradiated area
and the influence of symptoms such as pruritus, increased
sensitivity, pain, and burning could heavily affect HRQoL
[28]. Therefore, preventing/managing RD is a relevant part
of patient care.

In accordance with the DERMISHEAD trial, Song et al.
[31] demonstrated that patients receiving RT experience
physical and mental stress that may even lead to refuse treat-
ment [19]. Authors recognize that HNC patients have poor
physical and psychosocial health even at baseline and that
the PBMT protocol put additional demand on an already
burdensome period. If compared to the other studies, the
HNC patients reported the lowest adherence to the treat-
ment protocol [28, 32]. Another hypothesis put forward by
Robijns et al. [19] and corroborated by other authors [33], is
that low adherence may also be related to the absence of skin
problems at the start of the trial. This is mainly of impor-
tance if in future studies prevention of mild to moderate RD
is proven. Until then, it seems that PBMT can be initiated
at the onset of RD.

In the first RCT trial by Robijns et al., they demonstrated
through an objective approach that the preventive applica-
tion of PBMT is effective in reducing the incidence of moist
desquamation in BC patients [16]. They innovatively used
biophysical skin measurements to objectively demonstrate
that PBMT is able to stabilize the degree of pigmentation
(both erythema and melanin) and improve the skin barrier
function during RT. Objective skin measurement was fur-
ther investigated by Robijns et al., who evaluated erythema,
dehydration, and TEWL, and concluded that PBMT can
reduce moist desquamation and severe grades of RD, but
not completely prevent it [19].Other authors have applied a
similar approach demonstrating that biophysical quantita-
tive measurements could detect the fine effects of irradiation
even at a very early stage. This process seems to be medi-
ated by the presence of mild inflammation, as in the case
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of surgical therapies prior to RT, leading to the conclusion
that skin temperature is the most sensitive index for acute
RD [34]. This type of evaluation aims at combining qualita-
tive and quantitative aspects of RD grading and prevention
[35]. Although our meta-analysis did not provide significant
results in objective/subjective RD evaluation, the trend is
in favor of PBMT, suggesting that including studies with
larger samples would strengthen the power of the results.
The introduction of a comprehensive evaluation of patients
affected by or at risk of RD is helpful and recommended for
future care.

In past decades [36], the use of PBMT has been used
in various medical fields and is currently widely applied
in oncological patients with side effects [37], oral mucosi-
tis in primis. [38]. Additionally, xerostomia, dysgeusia,
lymphedema, pain, trismus, alopecia, neuropathy and RD
can be managed with PBMT, sharing the same mechanism
of action [39—43]. In general, molecular and cellular research
has suggested that PBMT has biostimulating properties that
allow tissue to regenerate and heal faster [44].

The use of PBMT as a tool to prevent and manage RD
has been primarily investigated in BC patients [16-18, 20],
while few observational studies have investigated the use of
PBMT in the cervical and facial sites, despite these cancers
being associated with significant pain, disfigurement, risk of
RT interruption, and poor cancer prognosis [45]. Animal and
clinical studies suggest that PBMT has analgesic properties,
reduces inflammation, reduces fibrosis and appears to not
cause side effects [5].

Another important aspect to discuss about PBMT pro-
tocols is the parameters used. In the included studies, red
or infra-red wavelength were employed, whose efficacy is
supported in animal studies [46]. The most promising results
obtained with 905 nm protocols, as were seen in the studies
by Robijns et al., had insufficient statistical power to sug-
gest one parameter over the other, and this may be seen as a
limitation of the present review. One of the goals of recent
studies on PBMT in supportive care of cancer patients is
the quality assessment of laser protocols and dosimetry for
specific conditions, since different parameters can determine
different light-tissue interaction effects [47]. Of note, none
of the studies disclosed the ethnic backgrounds of the patient
population. Skin pigmentation may severely affect the bio-
logical effect of PBMT since decreased chromophores’
adsorption may result in insufficient or inhibitory effects;
as such, the therapy should be modulated according to skin
color [48]. An interesting advantage over the studies con-
ducted by Robijns et al. is the use of PBMT to specifically
treat RD, whereas many studies on PBMT describe a single
technique to be used for various side effects [49]. The cor-
rect timing, number of repetitions, and specific protocols for
each therapeutic indication are fundamental for obtaining the
effective PBMT dose window [50].

Regarding the frequency and timing of PBMT sessions
for RD, recent literature confirmed the appropriateness of
two to four sessions per week in preventive protocols and
that LED treatments immediately after RT reduces the
incidence of dermatitis in BC patients. As such, this time-
frame should be considered and corroborates the approach
employed in the included studies [51, 52].

With regards to other parameters, a recent position paper
from the World Association for Photobiomodulation Ther-
apy (WALT) suggested a power density (treatment surface
irradiance) of 10—150 mW/cm? for a total dose of 1 Einstein
(photon fluence at 810 nm=4.5pJ/cm?) treatment field per-
formed within 30 to 120 min prior to oncotherapy to treat
RD and a dose 2 Einstein (photon fluence at 810 nm=9pl/
cm?) per treatment field three to four times per week, for at
least five to six weeks, in case of subcutaneous inflammation
associated with RD [53]. Although these parameters are in
line with the studies analyzed in our review, data are still
insufficient to transform these suggestions into guidelines.

One notable advantage of PBMT is the absence of side
effects and its role in reducing the necessity of RT inter-
ruptions, which may indirectly affect prognosis. We have
demonstrated a reduced number of RT interruptions in
patients receiving PBMT, although the number of subjects
who withdrew from RT due to RD severity was minimal
and our confidence intervals were wide. Nonetheless, other
studies have demonstrated that RT interruption due to RD
severity may be reduced by PBMT administration. In fact,
more than 65% of controls interrupted RT, while only 5.3%
of PBMT treated subjects interrupted RT in a study by De
Land et al. [54]. Similarly, significantly more interruptions
were detected in controls rather in PBMT groups by Gouvéa
de Lima et al. [55], declaring six versus zero interruptions,
respectively (p =0.02).

This work is not free of limitations, like the exiguous
number of patients, further contributed by a loss to follow
up or consent withdrawal. Moreover, only two body districts
have been considered and only one paper dealt with HNC
patients, making it difficult to draw conclusions on this spe-
cific area.

Conclusion

The results suggest that PBMT may be effective in prevent-
ing grades 2 and 3 RD. The optimal protocol cannot yet be
established since most of the studies were performed by
the same authors, and while this can ensure comparabil-
ity, it cannot guarantee widespread consensus. There are
benefits to the incorporation of both subjective and objec-
tive tools for RD assessment, especially when consider-
ing HRQoL, but studies with larger cohorts are needed to
confirm efficacy.
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