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ABSTRACT

The main treatments for cancer are radiotherapy and chemotherapy, but they can generate side effects such as
fatigue, myelosuppression, and radiodermatitis. The Multinational Association of Supportive Care in Cancer al-
ready recommends the use of laser for radiodermatitis in breast cancer patients. However, in relation to head and
neck cancer patients, there is a lack of studies clearly demonstrating clinical effects and identifying the best light
parameters for the treatment of radiodermatitis. This study reports on three oncological patients with radioderma-
titis treated with light-based therapies to show clinical improvements in lesion grades and to discuss the effects of
laser and its parameters. A retrospective report of three head and neck cancer patients with radiodermatitis, treated
with photobiomodulation and photodynamic therapy at an outpatient health clinical facility. The Visual Analog
Scale, Toxicity Criteria of the Radiation Therapy Oncology Group (RTOG) Scale, and the clinical characteristics
of lesions were evaluated before and after a photobiomodulation plus photodynamic therapy protocol. Improve-
ments were observed in cases with RTOG grade 111 with just 4 treatment sessions required for complete healing
of the lesions. The patient with RTOG grade IV required antibiotic therapy, temporary suspension of radiotherapy,
and more than 4 light sessions to achieve improvements. None of the patients showed worsening of the lesions,
necrosis, or infection after treatment with no adverse effects. Head and neck cancer patients with radiodermatitis
treated with phototherapy obtained good results in wound healing and pain relief in a short period. These case
reports embody the easy-to-apply implementation of a light protocol in a health facility based on previous scientific
evidence with positive results and no short-term side effects. In light of the negative impact on quality of life
caused by radiodermatitis, health teams should be encouraged to design research study protocols involving light-
based therapies.

Keywords: Photobiomodulation, radiodermatitis, photodynamic therapy, radiotherapy, case report, head and neck
cancer
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INTRODUCTION

Cancer is a growing global health prob-
lem. According to the International Agency
for Research on Cancer (IARC) GLO-
BOCAN cancer statistics, in 2020, there were
more than 19.3 million of new cases (Ferlay
et al., 2021). The main treatments for cancer
are radiotherapy (RT) and chemotherapy
(QT) but both could generate side effects such
as fatigue, alopecia, lack of appetite, skin re-
actions, myelosuppression, among others (Al-
mansour, 2023).

Radiotherapy uses ionizing radiation to
destroy cancer cells, stopping their division
and, although widely used, RT has side ef-
fects, including Radiodermatitis (RD) (Singh
et al., 2016). RD lesions are ranging from
mild erythema and pruritus to tissue necrosis.
It can cause pain, discomfort, infections and
affect body image, self-esteem and social in-
teraction, limiting also cancer treatment
(Hegedus et al., 2017). The mechanism of RD
development is largely related to the inflam-
matory response associated with oxidative
stress. Cellular damage induced by radiation,
especially in the mitotic phase, triggers an in-
flammatory cascade that leads to the modifi-
cation of cytokines, changes in the cell cycle
and even promotes DNA damage. These
changes support the inflammatory cascade
and consequently lead to disordered tissue re-
pair (Yang et al., 2020).

The Multinational Association of Sup-
portive Care in Cancer (MASCC) is analyzing
several treatments for RD (Finkelstein et al.,
2022; Behroozian et al., 2023). There is no
clear consensus on the most effective preven-
tion measure or treatment for established ra-
diodermatitis but it includes barriers, films,
creams, antiseptic agents, analgesics, oral an-
tibiotics and laser therapy (Behroozian et al.,
2023).

Photobiomodulation (PBM) has been
studied to treat RD many years ago (Ramos
Rocha et al., 2022). PBM accelerates healing
through reactions in cellular metabolism, in-
creasing ATP production and promoting anti-
inflammatory, analgesic and healing effects
(de Freitas and Hamblin 2016). In 2023,

Gobbo et al. published a meta-analysis where
controlled studies were identified (Gobbo et
al., 2023). Breast and head and neck cancer
patients receiving PBM experienced less se-
vere RD than the control groups after 40 Gray
(Gy) of RT (grade 3 toxicity: Odds Ratio
(OR): 0.57, 95 % CI 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 %
Cl 0.10-6.58, p=0.85). The authors con-
cluded that preventive PBM may be protec-
tive against the development of severe grades
of RD and reduce the frequency of RT inter-
ruptions. In another study, the DERMIS-
HEAD study (Robijns et al., 2021), 46 pa-
tients with head and neck cancer who under-
went RT with or without concomitant chemo-
therapy were selected to receive treatment
with PBM or placebo. In this study, 77.8 % of
patients in the control group developing grade
I1 RD compared to 28.3 % in the PBM group.
Additionally, there was a 49 % of reduction in
severe RD in the PBM group. This random-
ized trial demonstrated the effectiveness of
PBM for the prevention and treatment of RD.
In this direction, in the latest consensus of
Multinational Association of Supportive Care
in Cancer (MASCC) (Behroozian et al.,
2023), MASCC is already recommending the
use of laser as a preventive therapy, since the
beginning of RT for breast cancer patients.
However, in relation to head and neck cancer
patients and RD, there is a lack of studies
clearly demonstrating PBM effects and which
are the best light parameters. Therefore, even
promising publications on Light Based Ther-
apies in the treatment of wounds, there is no
agreement on the best recommendation of
light to treat RD wound lesions in head and
neck cancer patients (Robijns et al., 2022b).
In parallel, the PDT has also been shown
to be effective in treating infected wounds of
various etiologies (Zhang et al., 2018;
Khorsandi et al., 2022; Zhao et al., 2023).
PDT uses photosensitizing substances (PS)
activated by adequate light, generating
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reactive oxygen species that inactivate bacte-
ria, fungi and viruses through oxidative stress,
having an anti-infectious action (Youf et al.,
2021). PDT has also been widely used as an
anti-infectious and antineoplastic therapy
(Binnal et al., 2022; de Oliveira et al., 2022).
Despite this, there are no studies or consensus
evaluating the use of PDT in radiodermatitis.

In this sense, this study reports three cases
of head and neck cancer patients with RD
treated with Light-based therapies to show its
clinical improvement on RD grades to discuss
the applicability and best parameters of thera-
peutic light in the treatment of radiodermati-
tis.

METHODS AND ANALYSES

Study design, protocol registration and
recruitment

This is a retrospective report of three head
and neck cancer patients with RD, treated
with PBM and/or PDT at a Nursing Outpa-
tient Clinic of a University Hospital. It was
registered in the Clinical Trials Database
(https://clinicaltrials.gov) with the number
NCT05557825. This study complies with the
Declaration of Helsinki, and it has already
been approved by the Research Ethics Com-
mittee of Hospital (number
61694722.9.0000.5411). It was conducted ac-
cording to the CARE Statement Guideline
(Gagnier et al., 2014). The data of participants
were collected after properly obtaining con-
sent and signing the Free and Informed Con-
sent term. All data published or made availa-
ble does not contain sensitive data that identi-
fies the patients. The study has not interfered
with the clinical follow-up and medical deci-
sions of the health care team or routine of pa-
tients.

Study population

The sample consists of medical record
data from 3 patients who were referred by a
medical oncological team to the nursing facil-
ity to treatment of RD acquired during RT
treatment for cancer in 2022. These patients
are also under the care of radiotherapists and
oncological team to conventional

standardized treatment for RD at the institu-
tion. As a routine, the standard RD treatment
includes medical follow-up, skin care, com-
press with chamomile tea (fresh), neutral
moisturizer (Calendula 5 % - manipulated)
once or twice a day, and topical hydrogel
twice a day.

Description of the routines followed in the
nursing facility for all patients with side
effects of oncological treatment

All patients referred are accepted into
nursing facility, except in case of:

e Presence of active untreated tumor at the
site to be treated

¢ Individuals with a history of photosensi-
tivity to photonic or light therapy

e Patients who have undiagnosed lesions in
the treatment region

e Patients using topical photosensitizing
medications or creams

e Cognitive, psychiatric or neurological
changes that prevent the free understand-
ing of the PBM/PDT therapy

e Patients who refuse the treatment.

The nursing team routinely carries out an
introductory medical and oncological history.
Moreover, the wounds are photographed to
show the evolution of the healing (NIKON
DX3000 digital camera with speed 1/4000s).
The photo angle and distance are calculated
by a professional photographer to standardize
the images.

Moreover, standardized serial
ments are then carried out using:

e The Visual Analogic Scale (VAS)
(Hawker et al., 2011)

e The Toxicity Criteria of the Radiation
Therapy Oncology Group Scale (RTOG
Scale) translated and adapted by the Por-
tuguese Oncology Nursing Association
(Matos et al., 2015)

e Clinical characteristics of RD: the pres-
ence of bleeding, odor, exudate, crust,
phlyctema, hyperemia, peeling, and gran-
ulation tissue.

All assessments are routinely done before
the start of the therapy and at the end of the
treatment. After completion of therapy,

asSess-
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adverse effects are assessed and reported. All
patients are monitored and treated concomi-
tantly in the oncology, radiotherapy and other
specialties or medical interventions that are
necessary.

Light-Based Therapy Protocol

After local asepsis of the device and skin
with liquid polyhexamethylene biguanide
(PHMB) 0.1 % for 10 minutes, therapy is car-
ried out every 48 hours until the total wound
healing, regardless of the number of sessions
required. The therapeutic PBM parameters
used are chosen based on the studies of Zecha
et al. (2016), Aguiar et al. (2021) and Robijns
etal. (2021). It includes the use of the Red La-
ser (wavelength 660 nm), with a low-intensity
laser equipment DMC™ (THERAPY EC /
DMC, Séo Carlos, Brazil) of 100 mW and a
cross-sectional area of the device beam
0.0434 cmz2. The parameters are 1 to 3 J per
point depending on the RTOG Scale values,
with equidistant points of 1.0 cm, covering
the entire length of the open lesion. The laser
was kept perpendicular in contact with the
skin. For patients who show signs of skin lo-
cal infection or who present a RTOG Scale
value of 11l or greater, a photodynamic ther-
apy (PDT) protocol is associated with Meth-
ylene Blue (MB) 0.01 % as photosensitizer,
irradiation with red laser light (660 nm) at 9
joules per point, with equidistant points of 1.0
cm, covering the entire length of the open le-
sion with a maximum of 4 applications at
minimum intervals of 48 hours.

RESULTS / CASE SERIES REPORT

Data extracted from routine medical
records of three patients:

Case 1

A 75-year-old woman, retired, diagnosed
with supraglottis squamous cell carcinoma
staged T3NOMO was evaluated. She per-
formed RT concomitantly with CT, with a RT
regimen of 35 fractions of 70 cGy total.

On the 20" RT session, she was referred
to the nursing facility by radiotherapist for
evaluation of the lesions that it had started on

the 15" RT session. During the evaluation,
linear lesions were observed on the right neck
and left clavicular region extending to the cer-
vical region, presenting measurements in the
left clavicular region of 9.5 cm x 6.3 cm and
in the right clavicular region of 9.4 cm X
7.6 cm. The supraclavicular region showed
radiodermatitis grade 1V on RTOG Scale (G
IV), with local hyperemia, presence of exu-
date in a medium amount of yellowish color,
pain (initial of VAS 10), and odor and signs
suggestive of local infection (Figure 1). The
oncological team decided also to add antibi-
otic therapy and temporarily interrupt RT. A
total of 10 treatment light sessions were con-
ducted for this patient during which PDT was
administered in 1st, 3rd, 4th, and 6th laser
therapy sessions, while PBM was applied in
the remaining laser therapy sessions. PBM
sessions were performed to achieve complete
healing and decreased pain (final VAS of 3).
There were no adverse effects of light thera-
pies during the follow-up.

Case 2

A 65-year-old man, diagnosed with Glot-
tic Squamous Cell Carcinoma extending to
the supraglottis with staging T2NOMX was
followed. The treatment focused exclusively
on RT with a therapeutic regimen totaling 28
fractions, with a total dose of 63 Gy. On the
27th session, linear lesions were observed in
cervical and clavicular region, classified as
RD grade 111 (GlII) on RTOG, absence of lo-
cal secretion, with poorly adherent crust, gen-
eralized hyperemia, with moderate desqua-
mation on the left, pain (initial VAS 2) with-
out edema. The lesions presented measure-
ments in the left clavicular region of 10.7 cm
X 7.2 cm and in the right clavicular region of
10.5cm x 8.4 cm (Figure 2). Only four light
therapy sessions were performed to achieve
complete healing and disappearance of pain
(final VAS of 0), with discharge. There were
no adverse effects observed during the ther-
apy period.

1279



EXCLI Journal 2024;23:1276-1286 — ISSN 1611-2156

Received: August 18, 2024, accepted: October 15, 2024, published: October 18, 2024

Right clavicular and cervical
region

Left clavicular and cervical
region i

Figure 1: Images of the evolution of wounds after the start of therapy from patient 1. A, B, C are 1%t
assessment; D, E, F are 5t assessment and G, H, | are 10t assessment.

Neck

Right clavicular and cervical
region

Left clavicular and cervical region

Figure 2: Images of the evolution of wounds after the start of therapy from patient 2. A, B, C are 1%

assessment; D, E, F are 5" assessment.

Case 3

A 43-year-old man, carrier of the Human
Immunodeficiency Virus (HIV), and diag-
nosed with oropharyngeal squamous cell car-
cinoma extending to the supraglottis and
staged T3N3MO was followed. He started RT

with a therapeutic regimen totaling 25 frac-
tions of 45 cGy, concomitantly with chemo-
therapy.

On the 29" day of RT, the patient attended
the laser therapy outpatient clinic for evalua-
tion, and linear lesions were observed in the
right cervical region as well as in the
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supraclavicular region, classified as RDT
grade I11 (GII) on RTOG Scale and pain (in-
itial VAS of 10). The lesions presented meas-
urements in the left supraclavicular region of
9.0 cm x 5.7 cm and in the right supraclavic-
ular region of 5.1 cm x 4.1 cm (Figure 3). In
the present study, PDT was conducted in the
first two sessions of phototherapy, targeting
the supraclavicular regions E and D. PBM
sessions were performed to achieve complete
healing and decreased pain (final VAS of 5),
with discharge. There were no adverse effects
of light therapies during follow-up.

DISCUSSION

This retrospective study reports three
cases of RD after RT treated with PBM and
PDT, obtaining good results in both wound
healing and pain. Furthermore, no adverse ef-
fects were reported in the period evaluated,
demonstrating short-term safety.

Cancer is common and affects patients'
quality of life and social interaction. Radia-
tion therapy is a standard approach for treat-
ing cancer. However, radiodermatitis, a side
effect of RT, can lead to inflammation that, if
untreated, can result in ulcers or necrosis.
This complication can impair treatment ad-
herence, cause pain and impact quality of life
during and after treatment (Yang et al., 2020).
Several institutions have carried out studies

on the prevention and treatment of RD, but
there is no consensus on the most effective ap-
proach, which is a barrier to its treatment.
Newer wound treatment technologies are con-
stantly emerging, and in this matter, new
light-based therapies have been studied to im-
prove cancer treatment side effects.

In 2018, Hamblin et al. (2018) published
an important review on the safety of PBM in
cancer, summarizing numerous results and
studies in both animals and humans. At that
time, the use of PBM in cancer patients was
heavily criticized. But in this review, although
there are articles suggesting that PBM therapy
may be harmful in animal models of tumors,
Hamblin et al. (2018) postulate that there are
also numerous studies in humans suggesting
that light can directly damage the tumor, en-
hance other anti-tumor therapies, and may
stimulate the host's immune system. The
mechanism of action of PBM and its possible
direct effect on tumor cells is related to the
homeostasis between mitochondrial permea-
bility connections and the triggering of cancer
cellular apoptosis (Hamblin et al., 2018; da
Silva et al., 2023). Moreover, a possible stim-
ulus carried out by PBM to the immune sys-
tem could strengthen the T cell immune sys-
tem, dendritic cells, and type | interferons
(Hamblin et al., 2018).

Nec

Left clavicular region

Right clavicular region

F

Figure 3: Images of the evolution of wounds after the start of therapy from patient 3. A, B, C are 1%t

assessment; D, E, F are 3@ assessment.
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After that, authors such as Bensadoun et
al., (2020, 2022), Kauark-Fontes et al. (2022),
Genot-Klatersky et al. (2020), de Pauli Pagli-
oni et al. (2019), Silveira et al. (2019),
Brandao et al. (2018) and Antunes et al.
(2017) reinforce the use of PBM in cancer pa-
tients, suggesting safety in its use. Recently,
in an elegant study, Robijns et al. (2022a)
published the first long-term-follow-up study
describing clinical data of 120 breast cancer
patients and RD treated with prophylactic
PBM or placebo with a median follow-up
time of 66 months. There was no significant
difference in disease-free survival (73.7 % vs.
98.3 %, resp., p= 0.54), cancer-free survival
(68.4 % vs.77.8 %, resp., p= 0.79), and over-
all survival (87.9% vs. 98.3 %, resp., p=
0.30) between the placebo and PBM group.

In vivo tumor heterogeneity and microen-
vironment may influence results and justify
the contradictions observed in some in vitro
studies. Clinical trials allow evaluating the ef-
fect of PBM on the tumor cells and microen-
vironment in humans (e.g., immunological
function, the surface microenvironment, and
epithelial and tissue co-interactions) suggest
safety. While additional clinical studies and
greater follow-up time to evaluate oncologi-
cal outcomes as survival, metastasis or recur-
rence are desirable, current evidence suggests
short-term safety of PBM. It seems unlikely
that PBM has carcinogenic effects or can
shield cancer cells from cancer treatment.

These concepts, in addition to the charac-
teristics of PBM already known increasing
analgesia, tissue repair, and reducing inflam-
mation, have supported numerous studies and
protocols aiming the use of PBM as an adju-
vant treatment for complications of oncologi-
cal treatment. It includes lymphedema, pain,
chemotherapy-induced peripheral neuropa-
thy, and oral mucositis among others (de Pauli
Paglioni et al., 2019; Bensadoun et al., 2020,
2022; Robijns et al., 2021). In this sense, re-
search encouraging the use of PBM in the pre-
vention and treatment of radiodermatitis is
growing up, considering its effectiveness in
treating and preventing other side effects of

oncological treatment, such as the oral mu-
cositis and lymphedema (Elad et al., 2020).

In parallel, although scientific studies in
the medical literature recognize that random-
ized controlled clinical trials are the gold
standard for evaluating treatments, case series
still form a large part of the scientific publica-
tion. In addition, many issues related to
healthcare practice and clinical implementa-
tion of these protocols, such as the number of
sessions required, therapeutic parameters, im-
pact on quality of life, patient satisfaction,
minimum clinical effect, possible discomforts
of therapy, or treatment costs, are still un-
known and have a profound impact on the im-
plementation of knowledge arising from ran-
domized clinical studies. A research-to-prac-
tice gap is still present in traditional
healthcare researchers. Therefore, case series
are key points to health professional team
knowledge because they often replicate their
experience and are able to produce clinical in-
sights regarding issues related to daily care
practice and its difficulties. They often pro-
vide information on new treatments and im-
portant preliminary data necessary for ran-
domized clinical trials. Furthermore, for un-
common therapies, center’s experience may
be real models of implemented science.

In this case series report, improvements
were observed in 2 of 3 cases with grading
(RTOG I1I) with only 4 treatment sessions to
complete healing of the lesions. The patient
classified with RTOG IV grade, required sus-
pension of radiotherapy, antibiotic therapy
and plus 10 light therapy sessions. Despite
this difference, none of the patients treated in
this protocol showed worsening of the lesions
or emergence of necrosis or local infection af-
ter the introduction of light-based therapy,
which is normally very common in patients
with RD that appears concomitantly with RT.
These aspects corroborate the efficacy of the
light therapies used in these patients and sug-
gest that PBM and PDT are promising tech-
nigues for wound lesions, and can prevent RD
worsening, the process of local skin infection
and accelerate the healing of active lesions.
For patients with RTOG 111 a small number of
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sessions were sufficient to achieve good re-
sults. In a pioneering study similar to our re-
port, Hottz et al. (2022) published a case re-
port of a 62-year-old man with grade 3 RTOG
perianal radiodermatitis, which was related to
radiotherapy for an invasive anal squamous
cell carcinoma. The radiodermatitis lesions
were treated with a red light PBM protocol (2
J, twice a week, for 4 weeks, until D7 after RT
completion), which resulted in the relief of
pain and burning symptoms, as evaluated by
a VAS score reduction from 9 to 3, and a de-
crease in the radiodermatitis grade from 3 to
2 RTOG. The relief of radiodermatitis symp-
toms occurred after the first application. By
the seventh PBM application, the patient re-
ported a VAS score of 3, and by the eighth
application, the patient was asymptomatic.
This outcome corroborates our findings and
reinforces the conclusion that PBM effects
can be achieved with a small number of ses-
sions, even in patients with signs of already
established RD and RTOG 3. Furthermore, it
is worth highlighting that the previous studies
analyzed in the literature demonstrating the
effectiveness of PBM applied since the begin-
ning of RT, before the formation of lesions,
showing the action of light in a protective way
on the tissue even with few number of light
sessions (Ramos Rocha et al., 2022; Beh-
roozian et al., 2023; Gobbo et al., 2023).

This study has limitations. First of all, the
three patients continued to use standardized
therapy in the hospital. Another important
point of the protocol was the associated use of
the PHMB to clean the lesions before light
therapy. Its action is based on the interaction
with phospholipids in the bacterial mem-
brane, leading to rupture, and the inhibition of
bacterial metabolism (Hubner and Kramer,
2010) therefore, it removes mechanical bar-
riers that interfere with tissue interaction with
light and/or photosensitizer which may have
amplified the results of phototherapy. There-
fore, it is not possible to state that the benefits
found after light treatment come exclusively
from PDT or PBM.

However, in general, RD injuries that ap-
pear concomitantly with RT treatment are

time-consuming and require several weeks
for healing. They tend to worsen and not sta-
bilize or regress during the period while RT is
active (Singh et al., 2016; Hegedus et al.,
2017; Yang et al., 2020). In this sense these
results suggest an effective action of light
therapy on healing of RD in head and neck
cancer patients even with active RD lesions.

Implications for clinical practice

Although randomized clinical studies or
literature reviews have already evaluated the
effects of light therapies for treating the ad-
verse effects of radiotherapy, few studies dis-
cussing issues related to the operationaliza-
tion of these protocols such as the number of
sessions required or impact on satisfaction of
patients. MASCC is already recommending
the use of PBM as a preventive therapy to RD,
since the beginning of RT for breast cancer
patients (Behroozian et al., 2023). But in rela-
tion to head and neck cancer patients there is
a lack of studies clearly demonstrating the re-
sults and which are the best light parameters.
This study moves in these directions and eval-
uate the results of a model of nursing practice
on oncological head and neck cancer patients
with RD, bringing future contributions to the
development of studies on radiodermatitis
supportive treatment. Taking into account the
great negative impact on quality of life caused
by RD, health teams in the support of cancer
patients should be encouraged to discuss stud-
ies that incorporate light-based therapies. Our
case reports embody the easy-to-apply imple-
mentation of a light protocol based on previ-
ous scientific evidence and demonstrate posi-
tive results without short-term side effects in
this matter.

CONCLUSION

This retrospective study suggests that the
Light-Based Therapy Protocol described here
associated to standard treatment is a promis-
ing technique in the supportive therapy of RD
lesions, and, could accelerate the healing of
active lesions in a fast time therapy, even in
head and neck cancer patients during radio-
therapy follow-up. For patients with RTOG
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Il classification, just 4 treatment sessions
were sufficient to achieve good results. For
patients with RTOG 1V grade, future studies
evaluating cost/benefit and minimum treat-
ment time are necessary. The results of this
study corroborate previous RCT studies
demonstrating that PBM, as well as PDT, are
safe techniques in a short-term follow-up and
can be studied as a supportive effective ther-
apy in treating side effects of radiotherapy on
oncological patients.

Reporting method
This study adhered to CARE Statement
Guideline.

Ethical considerations

This study complies with the Declaration
of Helsinki, and it has already been approved
by the ethics committee by the Hospital das
Clinicas da Universidade UNESP BOTU-
CATU Research Ethics Committee (number
61694722.9.0000.5411). It was conducted ac-
cording to the CARE Statement Guideline.

Patient consent statement

All participants included in this study per-
mit and consent the publication of data. The
data of participants were collected after
properly obtaining consent and signing the
Free and Informed Consent term. All data
published or made available does not contain
sensitive data that identify the patients. The
study has not interfered with the clinical fol-
low-up and medical decisions of the health
care team or routine of patients.

Consent for reproduced material from other
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