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RESUMO

O carcinoma espinocelular é o tipo de cancer mais comum na regido de cabeca e pescoco,
representando 90% das neoplasias malignas que acometem a cavidade oral. Como principais
modalidades de tratamento oncoldgico, cirurgia, quimioterapia e/ ou radioterapia, podendo ou
ndo estarem associadas. Qualquer escolha de tratamento, efeitos nocivos poderéo provocar
danos, reversiveis ou ndo, em 6rgdos de risco, como glandulas salivares, que sdo altamente
radiossensiveis. Nos primeiros dias de radiacdo, células serdo afetadas, prejudicando
gravemente a producdo de &gua, o que reduz o fluxo salivar,levando a hipossalivagdo, ou a
sensacdo subjetiva de boca seca, xerostomia. A saliva importante para homeostasia da
cavidade oral e, alteracdes no fluxo salivar interferem nas fungdes orais basicas, impactando a
qualidade de vida do individuo. Existem varios tratamentos propostos, entre eles, a
fotobiomodulagdo. Porém, a falta de protocolo preciso dificulta a obtencdo de evidéncias
cientificas capazes de gerar protocolos terapéuticos eficazes. O presente estudo tem o objetivo
avaliar o efeito da fotobiomodulacdo no tratamento da xerostomia e hipossalivacdo em
pacientes portadores de carcinoma de células escamosas na regido de cabeca e pesco¢co. Como
método, um ensaio clinico unicego, paralelo, randomizado, controlado por dois bracos, foi
realizado seguindo as diretrizes Consort. A pesquisa foi registrada no Registro Brasileiro de
Ensaios Clinicos ReBEC com UTN n° U1111-12599-9624 / RBR-9bt3cbj, e realizada no
Hospital Dilson Godinho de Quadros, no Municipio de Montes Claros, entre dezembro de
2018 a marco de 2021. De 111 participantes, 85 foram incluidos na pesquisa, divididos de
forma aleatdria e randomizada em grupo intervencdo (n = 41) ou sem intervencgdo (n = 44).
Utilizou-se um aparelho de laser DUO portatil, emissor de luz semicondutor (GaAlAs e
InGaAlIP), poténcia Otica do laser de 100 mW, area do feixe Laser de saida do bico da caneta
de 3 mm?  4rea do spot 0,030 cm?, modo de operacdo do equipamento continuo, com
combinacéo de dois comprimentos de onda (660 nm e 808 nm). Foram entregues aos tecidos
doses de energia de 9 J por ponto de cada comprimento de onda separadamente, densidade de
energia 300 J cm?, densidade de poténcia 3,33 W/ cm?, forma de irradiacdo pontual, com
incidéncia da luz em 90°em relagéo aos tecidos, em glandulas salivares maiores, duas vezes
na semana, durante a radioterapia. Como desfecho primario esperava-se a reducdo da
xerostomia e da hipossalivacdo e desfecho secundario, diminuicéo dos escores de ansiedade e
depressdo. Os resultados demostraram ndo haver diferencas estatisticas entre 0s grupos para
reducdo objetiva do fluxo salivar, hipossalivagdo, no volume, na densidade e no pH da saliva.

Em relacdo ao sintoma auto relatatado pelo paciente, sensacdo de boca seca, escores obtidos



através do questionario de xerostomia ndo foram diferentes estatisticamente entre 0s grupos
comparados. Em relagdo a pontuacdo dos inventérios de ansiedade e depressdo, também néo
foram verificadas diferencgas, corroborando com achados anteriores e concluindo que a
fotobiomodulacdo para xerostomia e hipossalivacdo, com o protocolo proposto por este
estudo, ndo demonstra diferenca estatistica entre 0s grupos que receberam ou ndo intervengao

logo apos a finalizagdo do tratamento radioterapico.

Palavras-chave: Glandulas salivares. Radioterapia. Terapia com luz de baixa intensidade.

Xerostomia.



ABSTRACT

Squamous cell carcinoma is the most common type of cancer in the head and neck region,
representing 90% of malignant neoplasms that affect the oral cavity. As the main modalities
of cancer treatment, surgery, chemotherapy and/or radiotherapy, which may or may not be
associated. Any choice of treatment, harmful effects may cause damage, reversible or not, in
organs at risk, such as salivary glands, which are highly radiosensitive. In the first days of
radiation, cells will be affected, severely impairing water production, which reduces salivary
flow, leading to hyposalivation, or the subjective sensation of dry mouth, xerostomia. Saliva
is important for oral cavity homeostasis and changes in salivary flow interfere with basic oral
functions, impacting the individual's quality of life. There are several proposed treatments,
including photobiomodulation. However, the lack of a precise protocol makes it difficult to
obtain scientific evidence capable of generating effective therapeutic protocols. The present
study aims to evaluate the effect of photobiomodulation in the treatment of xerostomia and
hyposalivation in patients with squamous cell carcinoma in the head and neck region. As a
method, a single-blind, parallel, randomized, two-arm controlled clinical trial was performed
following Consort guidelines. The research was registered in the Brazilian Registry of
Clinical Trials ReBEC with UTN n° U1111-12599-9624 / RBR-9bt3cbj, and performed at
Hospital Dilson Godinho de Quadros, in the Municipality of Montes Claros, between
December 2018 and March 2021. Of 111 participants, 85 were included in the research,
randomly and randomly divided in the intervention group (n = 41) or without intervention (n
= 44). A portable DUO laser device was used, semiconductor light emitter (GaAlAs and
InGaAlIP), laser optical power of 100 mW, laser beam area of pen nozzle output of 3 mm2,
spot area 0.030 cm2, continuous equipment operation, with a combination of two wavelengths
(660 nm and 808 nm). Energy doses of 9 J per point of each wavelength were delivered to the
tissues separately, energy density 300 J/ cm2, power density 3.33 W/ cm2, form of punctual
irradiation, with light incidence at 90°in tissue, in major salivary glands, twice a week during
radiotherapy. As a primary outcome, a reduction in xerostomia and hyposalivation was
expected, and a secondary outcome, a decrease in anxiety and depression scores. The results
showed no statistical differences between the groups for objective reduction of salivary flow,
hyposalivation, volume, density and pH of saliva. Regarding the symptom self-reported by
the patient, dry mouth sensation, scores obtained through the xerostomia questionnaire were

not statistically different between the groups compared. Regarding the scores on the anxiety



and depression inventories, no differences were found either, corroborating previous findings
and concluding that photobiomodulation for xerostomia and hyposalivation, with the protocol
proposed by this study, does not show statistical difference between the groups that received

or not intervention soon after completion of radiotherapy treatment.

Keywords: Salivary glands. Radiotherapy. Low-intensity light therapy. Xerostomia.
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1. INTRODUCAO

1.1 Epidemiologia do céancer

Doencas malignas, como o cancer, sdo consideradas como um dos maiores problemas de
salde publica em todo o mundo, o que acarreta problemas em larga escala para a sociedade,
diminuindo os anos de vida ou incapacitando os individuos de forma geral, além de consumir
grande quantidade de recursos econdmicos, publicos e privados. (1, 2) A incidéncia, a
morbidade e a mortalidade por essa neoplasia maligna estdo a atingir o mundo de forma cada
vez mais crescente. (3) O cancer € uma doenca multifatorial, porém, entre os fatores
etiologicos diversos encontram-se o envelhecimento da populacdo e a prevaléncia de fatores
de risco, em especial, o desenvolvimento socioecondmico, associado a melhoria do estilo de
vida com novas atitudes e formas de viver, como sedentarismo, alimentacdo inadequada,

habitos nocivos etc. (3)

O céncer encontra-se em segundo lugar nas principais causas mundiais de morte (8,97
milhGes de mortes), ficando atrds apenas da doenca isquémica do coracdo.(1) Porém, de
acordo com a tendéncia mundial para 2060, a mortalidade por esta enfermidade alcancara a

primeira colocagdo com estimativa de 18,63 milhdes de mortes. (1, 3)

Para o Brasil, de acordo com o Instituto Nacional do Cancer José Alencar Gomes da Silva
(INCA), estima-se para 0 ano de 2022, 625 mil novos casos. Para o cancer de laringe é
esperado, para 0 mesmo ano no Brasil, 6.470 novos casos em homens e 1.180, em mulheres.
(4, 5) Sabe-se que com a idade e o envelhecimento da populagéo, a incidéncia para cancer de
labio e cavidade oral aumenta e a estimativa, também para 2022 segundo o INCA, é de 15.190

novos casos, distribuidos entre homens (11.180 casos) e mulheres (4.010 casos). (4-6)

O risco de desenvolvimento do cancer entre 0 a 74 anos equivale a 20,2% sendo 22,4% em
homens e 18,2% em mulheres. (1) As idades que possuem maior risco para desenvolver o
cancer de laringe estdo acima dos 40 anos de idade. (3, 5) Porém, com o aumento significativo
do consumo dos cachimbos de dgua ou water pipe entre 0s mais jovens, 30 a 50 anos, 0 risco
para cancer de cabeca e pescoco, incluindo cancer oral, aumentou consideravelmente nesta

populacédo. (6, 7) De acordo com o Global Cancer Observatory (GLOBOCAN), em todo o
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mundo por ano, séo atribuidos 690.000 casos de carcinoma de células escamosas a infeccéo
por alguns dos tipos de Papiloma Virus Humano (HPV), particularmente o tipo 16, sendo

42.000 localizados na orofaringe, 5.900 na cavidade oral e 4.100 na laringe.(8)

1.2 Carcinoma de células escamosas

Entre todos os tipos de cancer, o carcinoma de células escamosas € 0 mais prevalente na
regido de cabeca e pescoco, correspondendo a 90% dos casos, especialmente na regido de
cavidade oral. (6, 9) Os fatores etioldgicos mais comuns sdo o tabaco e o &lcool, sendo
atribuido uma probabilidade 7 vezes maior para a ocorréncia do cancer quando se compara
com aqueles que ndo possuem esses habitos. (4-6, 10) Portanto, quando o uso do tabaco é
combinado a bebidas alcoolicas, ocorre um efeito sinérgico e exponencial e 0
desenvolvimento da doenca € potencializado. (6, 10-12) Outros fatores estdo associados ao
risco de carcinoma de células escamosas como exemplo, a exposi¢do ao sol sem uso do filtro
solar, responsavel pela maioria dos canceres de labio, aumento excessivo de gordura corporal,
desnutricdo, fatores genéticos e fatores ligados a exposi¢do ocupacional, além dos ja citados

acima. (4, 5)

A taxa de sobrevida, relativamente baixa, encontra-se em média de 5 anos e a chance de cura
diminui em pacientes com recidiva. (9) Quanto mais tarde for realizado o diagndstico, pior o
progndstico e maiores as complicacdes decorrentes do tratamento, desencadeando sequelas
importantes e deformidades estéticas, funcionais e psicoldgicas, que impactam negativamente
na qualidade de vida do paciente (13, 14). Com isso, pode ser instalado quadros de ansiedade

e depressdo, com ato ou ideacdo suicida entre os pacientes. (15, 16)

Para o carcinoma de células escamosas que acomete a regido de cabeca e pescoco, as
localizagbes mais comuns séo cavidade oral (40%), representadas pelas mucosas jugais,
palato e dorso central da lingua em menor porcentagem e com maior prevaléncia em regifes
como labios, principalmente o inferior, gengiva, borda lateral de lingua e assoalho bucal (6).
O céncer nestas regides podem se estender em sentido a orofaringe e, apesar de representar
apenas 20% de toda a area da cavidade oral, representa 70% dos sitios acometidos pelos

canceres na boca. (6)
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Além dos sitios acometidos pelo carcinoma de células escamosas citados acima, de acordo
com o INCA, a laringe (25%) e faringe (15%) sdo areas comuns para a regido de cabeca e

pescoco. (4, 5) (Figura 1).

Figural - Regides da cabeca e pescogo acometidas pelo
Carcinoma de células escamosas

Head and Neck Cancer Regions
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Fonte: http://www.scielo.br/ima/revistas/bjmbr/

A condicdo clinica do paciente, associado ao tamanho do tumor e a possibilidade de metastase
nos linfonodos proximos ou a distancia resultam em uma classificacdo de estadiamento da
doenga que possibilita a identificacdo real da situacdo em que se encontra 0 paciente e a
padronizacdo e escolha do tratamento pelos profissionais. (17, 18) O Sistema TNM avalia a
classificacdo dos tumores malignos e descreve a sua extensdo, utilizando trés componentes
como, T — extensdo do tumor primario, N — extensdo da metastase em linfonodos proximos ao
tumor e M — metastase a distancia. S&o adicionados numeros ao TNM indicando a extensdo
da doenca, como TO, T1, T2, T3 e T4 de acordo com o agravamento, o qual avalia também, a
“profundidade de invasao” e “extensdo extranodal” do cancer. (17, 18) O estadiamento clinico
visa obter, através de pardmetros clinicos e laboratoriais, a condi¢do atual do paciente em
relacdo a gravidade, a complexidade da doencga e ao prognostico, facilitando a escolha do

protocolo de tratamento para cada caso individualmente. (17, 18)


http://www.scielo.br/img/revistas/bjmbr/
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1.3 Tratamento do cancer e efeitos colaterais

Para o paciente diagnosticado com cancer existem modalidades de tratamento como a
cirurgia, a quimioterapia e a radioterapia, (19) que podem ser realizadas de forma isolada ou
em concomitancia, adjuvancia ou neoadjuvancia, em busca ndo somente da cura da doenca,
mas, em alguns casos, da remissdo ou da paliagdo. (19) A decisdo e escolha da modalidade
mais adequada estara de acordo com o estadiamento clinico do paciente. (19-21)

Com a descoberta do raio-X, efeitos biologicos foram detectados, e muitas doencas, inclusive
0 cancer, passaram a ser submetidas a exposicdo da radiacdo ionizante em busca da cura.(19)
Como primeiro tratamento ndo cirargico de tumores malignos, foi utilizada a radioterapia, que
se apresenta como um dos tratamentos mais antigos da oncologia. (19) Estima-se para paises
desenvolvidos que cerca de 60% dos individuos com neoplasia maligna poderdo ser
submetidos a esta modalidade de tratamento em algum momento, (22) enquanto paises em
desenvolvimento, devido as caracteristicas epidemioldgicas e de avanco da doenca, a
necessidade de tratamento radioterapico possui uma demanda ainda maior. (19)

A radioterapia € uma especialidade médica multiprofissional e multidisciplinar que utiliza
radiacdo ionizante, acarretando intenso estresse oxidativo, 0 que provoca danos diretos e
indiretos a0 DNA, com consequente morte celular por apoptose ou inibi¢do de crescimento de
células tumorais. (23) Esta modalidade constitui um dos pilares para tratamento oncoldgico,
juntamente com a cirurgia e a quimioterapia, podendo em alguns casos, ser usada para lesées

benignas. (19)

O Sistema Unico de Salde (SUS), criado pela Constituicio Federal em seu artigo 198 e
organizado pela Lei Organica da Saude 8.080 de 1990, garante para seus usuarios, de forma
gratuita e padronizada todos os tratamentos oncoldgicos necessarios, conforme Lei 12.732 de
2012, o que vem ao encontro do que é preconizado pela Constituicdo Federal em seu artigo
196 quando trata a satde como direito fundamental de todos e, ainda inclui a obrigatoriedade
de efetivacdo desse direito como dever do Estado. (23, 24) Conforme a Portaria n°® 516 de
2015 do Ministério da Saude, a técnica de radioterapia conformacional tridimensional 3D € a
eleita para utilizacdo em todos os usuarios do SUS portadores de cancer, de forma
padronizada, (25) com raras exce¢Oes, como por exemplo em caso de judicializacdo da saude
ou quando ha necessidade de utilizacdo de técnicas que consigam realizar modulacdo da

radiacdo desviando de 6rgdos vitais e impedindo maiores danos ao paciente. (26)



19

Qualquer que seja o tratamento de escolha, cirdrgico, radioterapico ou quimioterapico, 0s
efeitos colaterais irdo existir em menor ou maior gravidade (27), e no caso da radioterapia,
mesmo com 0s avangos na precisdo da entrega da dose de radiacdo, com as novas tecnologias,
o conhecimento dos efeitos dos raios X sobre os tecidos biologicos, 0 aumento da energia dos
raios com desenvolvimento tecnoldgico das maquinas e melhoria, tanto das imagens usadas
para planejamento de entrega de energia, como da sua capacidade computacional, ndo séo
capazes de impedir manifestacdes indesejadas (19, 26). A radioterapia ndo possui seletividade
para células canerigenas, atingindo significativamente células normais e provocando perda na
renovacgéo celular, (28) o que desencadeia leséo ao tecido sadio adjacente. (23, 28, 29) Por
isso, a entrega da dose de radiacdo € realizada com fracionamento, visando ser mais eficaz
para células cancerigenas, alvo da radiacdo. (23, 28, 29) Mas, os efeitos indesejados sao
inevitaveis, e em alguns casos, pode permanecer por um longo prazo ou até mesmo, instalar-
se permanentemente. (2, 23, 27-29) As consequéncias mais frequentemente observadas,
durante e ap0s a radiacdo sdo mucosite, xerostomia e hipossalivacao, causando impactos na
qualidade de vida do paciente e trazendo limitagdes que desencadeiam quadros de depresséo e
ansiedade. (15, 16)

1.4 Xerostomia e hipossalivacédo

A saliva, constituida por uma variedade de fluidos excretados pelo conjunto de glandulas
menores e maiores, parotidas, submandibulares, sublinguais e mais recentemente descoberta,
a glandula tubaria, (30) além de células epiteliais descamadas, restos alimentares e fluidos do
sulco gengival, contribui, entre outros, para manter a homeostasia da cavidade oral. (15, 31)
Pode ser dividida em duas categorias, saliva em repouso, varia entre 0,29 ml /min a 0,41 ml
/min, e saliva estimulada, com fluxo normal que varia entre 1,6 a 2,0 ml/min. (32) Cerca de
70% da saliva em repouso, deriva-se das glandulas submandibulares e sublinguais, pode-se
dizer que € a saliva presente a maior parte do tempo na boca. (32) Enquanto 45 a 50% da
saliva estimulada, deriva-se da glandula pardtida e esta presente na cavidade oral apenas por
duas horas, pois esta relacionada as funcdes de alimentacdo devido a presenca da amilase,

também secretada por essa glandula. (32)

As glandulas salivares sdo altamente sensiveis a radiacdo ionizante e a morte de suas células

inicia logo nos primeiros dias de tratamento radioterapico. (15, 31, 33) A reducdo na
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quantidade de fluxo salivar € um sinal denominado hipossalivacdo, que pode ser medido
através da sialometria, enquanto a sensacdo subjetiva de boca seca, o sintoma percebido pelo
paciente, recebe o nome de xerostomia e é um dos efeitos colaterais relatados por cerca de 68
a 85% dos pacientes submetidos a tratamentos para CEC na regido de cabeca e pescoco, (2) o

que leva a grande impacto negativo na qualidade de vida dos mesmos. (31)

A radiossensibilidade dos tecidos normalmente é determinada pela alta proliferacdo da
células, sendo iniciado o dano assim que houver a reducdo na taxa de renovacdo celular. (28,
33, 34) Diferentemente do que ocorre em outros tecidos, as glandulas salivares possuem um
ciclo de renovacédo de suas células relativamente baixo. (27, 31, 33) Porém, fugindo a regra,
0s danos iniciam-se em horas ou dias apds a radiacdo ionizante, o que torna seriamente
comprometida a secre¢do de agua pelas suas células, sem comprometer, no entanto, a
secrecdo de amilase, enzima produzida pela glandula parétida. (27, 31) Estudos mostram que
glandulas submandibulares sdo menos sensiveis a radiacdo, quando comparadas as glandulas
pardtidas, o que se justifica ao se observar o relato de saliva grossa e pegajosa pelos pacientes
logo nos primeiros dias de tratamento radioterapico, uma vez que sdo as parotidas as
responsaveis pela producdo de &gua, e danos em suas células causaria reducdo na producao de
produto aquoso para a saliva aumentando a concentracdo de mucina, glicoproteina produzida
especialmente pelas glandulas submandibulares, responsaveis pela viscosidade da saliva. (27,
31)

Com base em estudo, (28) a diminuicdo aguda da secrecdo de saliva apds a radiacdo da
glandula foi justificada ndo ter sido somente devido a apoptose radioinduzida, (35) perda
celular (36, 37) ¢/ ou renovagéo celular lenta, mas pela disfungédo de receptores muscarinicos
de acetilcolina presentes em células acinares, que sdo 0s responsaveis pela secrecdo de fluidos
salivares. (28, 36, 37)

As taxas de fluxo salivar sdo dependentes do campo irradiado e da dose média de radiacéo,
diminuindo progressivamente conforme se aumenta a dose, e a sua recuperagéo ao longo de 2
anos pode ocorrer até um limiar de doses de até 39 Gy, (31) porém ja existem relatos de
queixa de xerostomia pelos pacientes com doses abaixo de 30 Gy. (38) Doses entre 50 a 70
Gy produzem efeitos danosos em glandulas salivares, permanentemente. (31, 33, 39)
Pacientes portadores de cancer de células escamosas em regido cérvico-facial sdo submetidos

a radioterapia com doses entre 60 a 70 Gy, podendo-se afirmar que a depender da técnica
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radioterapica selecionada, tridimensional ou IMRT, da localizagdo da radiacdo e da glandula a
ser irradiada, pardtida ou submandibular, havera comprometimento glandular com alteracéo

na producao de fluidos ou da qualidade da saliva. (27, 40)

A saliva tem papel fundamental na manutencdo da homeostasia bucal, com protecdo da
cavidade oral e do epitélio gastrointestinal, além de promover o “clearence” oral, contribuir
com a digestdo, formar a pelicula adquirida, realizar a mineralizagdo dentaria, ter acdo
antimicrobiana, contribuir com o paladar e realizar reparacao tecidual, entre outros. (41, 42)
O fluxo salivar normal varia de 1,0 a 1,5 ml /min por dia, com pH entre 6,4 a 7,4 ¢ a
diminuigdo na secrecdo salivar acarreta, entre outros, dificuldade na formagdo do bolo
alimentar, na alimentacdo e na fala, corrobora para instalacdo de quadros de ansiedade e

depressao, tornando os individuos vulneraveis ao ato ou mesmo a ideia do suicidio. (15, 43)

A reducdo do fluxo salivar desencadeia desequilibrio da microbiota oral com proliferacdao de
microrganismos oportunistas levando ao desenvolvimento de doencas, como candidiase,
herpes, gengivite, além de perda do paladar, dificuldade para falar, disgeusia, odinofagia,
ardéncia bucal, entre outros. (44-47) O sistema de tamponamento realizado pela saliva, fica
prejudicado e o aparecimento de doencas, como a cérie dental, durante e ap6s o tratamento
radioterapico, torna-se comum. (2, 44, 45)

Nem sempre as alternativas de tratamento capazes de resolver a xerostomia ou hipossalivacao,
de forma definitiva e eficaz, serdo satisfatorias, visto a sua complexidade, além de gerar
gastos publicos eou privados, com internacBes, prescricdo de medicamentos e outros

tratamentos médicos e dentarios, decorrentes da enfermidade e suas complicacdes. (2, 47)

1.5 Fotobiomodulacéo para xerostomia e hipossalivacao

Com objetivo de melhorar a qualidade de vida dos pacientes, existem na literatura alternativas
para prevenir e tratar os sinais e sintomas decorrentes da diminuigdo do fluxo salivar, como
drogas colinérgicas como a pilocarpina, responsavel por efeitos adversos importantes (48, 49)
e betanecol, considerado menos agressivo porém, possui uma vasta lista de contra-indicacGes
(50) ou drogas radioprotetoras, como a amifostina, (51) que sé@o indicadas para prevenir a
hipossalivagdo quando administradas antes da radioterapia, porém o alto custo, os efeitos

colaterais e o possivel comprometimento do controle tumoral inviabilizam o seu uso. (52, 53)
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As salivas artificiais, outra alternativa de tratamento, causam alivio imediato com atenuagédo
dos sintomas da xerostomia, porém seus efeitos sdo temporarios. (51) Abordagens com o uso
da acupuntura em pacientes submetidos a radioterapia na regido de cabeca e pescoco, relatam
0s beneficios na reducdo de xerostomia, hipossalivacdo e ansiedade do paciente. (54)
Técnicas mais avancadas, como a radioterapia de intensidade modulada (IMRT), permitem
uma distribuicdo de doses de forma altamente conformadas, contribuindo para o aumento da
dose no alvo do tratamento, enquanto consegue reduzir a dose nos tecidos sadios adjacentes
ao tumor, diminuindo a sua toxicidade, porém, o seu alto custo somado a incapacidade em
demonstrar aumento de sobrevida global com a sua utilizagéo, inviabilizam o0 uso desta
técnica para pacientes usuarios do SUS, na maioria dos servicos prestados no Brasil. (18, 25,
26) A fotobiomodulacdo, também é citada como forma de tratamento para xerostomia e

hipossalivacdo decorrentes dos tratamentos oncoldgicos. (27, 55, 56)

A luz do laser de baixa intensidade nos comprimentos de onda, vermelho (660 nm) e
infravermelho (808 nm), é absorvida por cromo6foros enddgenos e desencadeia reagdes
bioldgicas sem liberar calor, ndo sdo toxicas aos tecidos e levam a mudancas fisiologicas que
estimulam a regeneracdo tecidual, diminuindo a inflamag&o e controlando a dor. (47, 57)
Pacientes submetidos a radioterapia apresentardo complicacdes decorrentes da radiacéo
ionizante que irdo aumentar a morbidade, o que leva ao aumento de utilizacdo de recursos
para cuidados em salde, impactam negativamente na qualidade de vida, além de comprometer
a adesdo dos mesmos aos protocolos de tratamento, diminuindo os resultados abaixo do ideal.
(47) O uso terapéutico do laser, com a fotobiomodulagdo, contribui para amenizar os efeitos
colaterais advindos do tratamento oncoldgico, favorecendo a adesdo do paciente e,

consequentemente, o seu prognostico. (46, 47)

Existem protocolos variados para fotobiomodulagdo demonstrando que a sua utilizacdo
melhora o reparo tecidual e contribui para regeneracdo de tecidos, em diferentes fases, como a
fase em que o tecido esta inflamado, quando as células de defesa migram para a lesdo, durante
a fase proliferativa, quando estimula os fibroblastos e macréfagos (47, 57), e na fase de
remodelacdo, com a reposicdo de colageno na matriz extracelular da ferida, caracteristicas que
corroboram muito na cicatrizagdo das mucosites. (47) Nas glandulas salivares, a PBM
contribui para o0 aumento da microcirculacéo local, a proliferacdo de suas células e aumenta a
respiracéo celular. (51, 56) A luz do laser atua sobre o citocromos c oxidase da cadeia

respiratoria da mitocondria, induzindo a producdo de adenosina trifosfato (ATP), fonte de
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energia essencial para todas as reacdes bioldgicas. (47), favorece a sintese de proteinas e
aumenta o nivel de célcio dentro da célula. (51, 56) Estudo relatam que a fotobiomodulagéo
estimula a fungéo de células glandulares que ainda ndo sofreram danos pela radiacéo (51, 56),
podendo ser uma alternativa de estimulo para aumento de secrecdo de saliva, o que contribui
para reduzir a hipossalivacdo e a sensagdo de boca seca. (27) Porém, os estudos sobre os
mecanismos dos seus efeitos terapéuticos ndo estdo ainda muito bem elucidados (46) e a
diferente forma de atuacdo do laser de baixa intensidade nas células depende da dose e do
comprimento de onda utilizada. (47)

Além disso, a PBM favorece liberacdo de espécies reativas de oxigéncio (ROS), reduzindo o
estresse oxidativo, o que atenua o dano tecidual, gera fatores de crescimento em fibroblastos,
(47, 57) favorece o sistema imunologico reduzindo as citocinas pro-inflamtérias e
guimiocinas, contribui para a reparagdo e regeneracdo tecidual. (47) Porém, se a quantidade
de ROS for alta, pode induzir a apoptose celular devido aos efeitos dos danos no DNA, além
da efetivacdo de vias pré-apdpticas nas células. (58-60)

A fotobiomodulacéo é responsavel por uma grande variedade de resultados e a falta de um
parametro em relagdo ao comprimento de onda a ser utilizado (vermelho ou infravermelho),
energia, densidade de energia, poténcia do aparelho, densidade de poténcia, frequéncia e
periodicidade para aplicacdo, mitiga a investigacdo em busca de protocolos terapéuticos
precisos e altamente reprodutiveis para prevenir e tratar a disfuncdo de glandulas salivares

irradiadas em pacientes tratados com cancer de cabeca e pescoco. (51, 56, 61)

Baseado em estudos realizados, os quais a terapia com utilizacao de laser de baixa intensidade
parece colaborar como ferramenta eficiente para minimizar a gravidade da mucosite oral (46,
47, 57), hipossalivacdo e xerostomia decorrente de radiacdo ionizante ou de outras
modalidades de tratamento oncoldgico, (27, 51) o presente estudo propde uma analise com
um protocolo de fotobiomodulagdo para tratamento de xerostomia e hipossalivagéo,
justificando-se nos achados do estudo (57), o qual a combinacdo de ondas de 660 nm e 808
nm, com dose de energia de 9J por ponto entregues a mucosa ou densidade de energia de 300
J cm?, sugerem melhores resultados clinicos na recuperacdo de feridas, reparacéo tecidual e
celular.(57) O beneficio da combinacdo dos comprimentos de onda ja& havia sido
demonstrado, (27, 62) entretanto a maioria dos estudos realizados e das revisdes sistematicas
ndo entram em um consenso em relagdo a dose, ao comprimento de onda mais adequado ou a

poténcia do aparelho, sem também avaliar o efeito da fotobiomodulacdo na prevencdo e
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manejo da hipossalivacdo e xerostomia em pacientes submetidos ao tratamento oncologico
para cancer de cabeca e pescoco. (46, 56, 61) E notorio a necessidade de mais estudo que

visem a busca de um protocolo terapéutico eficaz. (46, 56, 61)
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2. OBJETIVOS

2.1 Objetivo geral

e Verificar a eficacia da fotobiomodulagdo combinando os comprimentos de onda vermelho
e infravermelho no tratamento da xerostomia e hipossalivagédo em pacientes portadores de

carcinoma de células escamosas na regido de cabeca e pescoco.

2.2 Obijetivos especificos:

e Investigar se a fotobiomodulagdo modifica volume, densidade e pH da saliva em pacientes
submetidos tratamento oncoldgico na regido de cabeca e pescogo.

e Verificar se a fotobiomodulacdo reduz a frequéncia e intensidade da xerostomia e da

hipossalivacao.

e Verificar os escores de ansiedade e depressdo e o impacto na qualidade de vida do
paciente relacionada a xerostomia e hipossalivacdo durante tratamento oncoldgico e

fotobiomodulacéo.
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3 PRODUTO CIENTIFICO

Photobiomodulation in the treatment of xerostomia and hyposalivation in patients with
squamous cell carcinoma in the head and neck region — a randomized controlled clinical
trial, formatado segundo as normas para publicacdo em peridédico Oral Surgery, Oral

Medicine, Oral Pathology and Oral Radiology, Qualis A2, enviado.



27

3.1 Produto: Photobiomodulation in the treatment of xerostomia and hyposalivation in
patients with squamous cell carcinoma in the head and neck region — a randomized
controlled clinical trial, formatado segundo as normas para publicacdo em periddico
Oral Surgery, Oral Medicine, Oral Pathology and Oral Radiology, Qualis A2, enviado.
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This was a two-arm, single-blind, parallel clinical study. Patients with head and neck
squamous cell carcinoma (HNSCC) (N = 111) were screened for eligibility, and 85 were
included in the study. The study design included one control group that did not receive laser
therapy intervention (n = 44) and one group that received the intervention (n = 41). The
primary expected outcome was the reduction of radiation-induced xerostomia and
hyposalivation after cancer treatment. The secondary outcome was the reduction of
depression and anxiety.

Results:
The proposed photobiomodulation protocol did not reduce xerostomia scores, did not increase

the volume or density of saliva, did not change salivary pH, nor did it reduce the scores of the
Beck Anxiety Inventory (BAI) or the Beck Depression Inventory (BDI) after radiotherapy.
Conclusion:

Photobiomodulation with the protocol used in this study did not show effectiveness in
reducing ansiety and depression scores, and also did not show a statistically significant

difference between the compared groups in terms of saliva volume, density and pH.
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Statement of Clinical Relevance

Statement of clinical relevance

The present study demonstrated that the photobiomodulation used with this protocol did not
reduce xerostomia, did not increase the salivary volume of patients and did not change the pH
of saliva in irradiated patients with head and neck SCC. The results of the present study
suggest that laser therapy with the parameters used does not serve as an alternative

complementary treatment for patients with SCC of the head and neck.
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Manuscript (.doc format)

Photobiomodulation in the treatment of xerostomia and hyposalivation in patients with
squamous cell carcinoma in the head and neck region — a randomized controlled clinical
trial

Objective. The objective of this study was to verify the effectiveness of photobiomodulation
combining red and infrared wavelengths in the treatment of xerostomia and hyposalivation in
patients with squamous cell carcinoma in the head and neck region.

Study design. This was a two-arm, single-blind, parallel clinical study. Patients with head
and neck squamous cell carcinoma (HNSCC) (N = 111) were screened for eligibility, and 85
were included in the study. The study design included a control group that did not receive the
PBM intervention (n = 44) and a group that received the intervention (n = 41). The expected
primary outcome was a reduction in xerostomia and hyposalivation after radiotherapy. The
secondary outcome was a reduction in depression and anxiety.

Results. The proposed PBM protocol did not reduce xerostomia scores, did not increase
saliva volume and density, did not alter salivary pH, or reduced Beck Anxiety Inventory
(BAI) or Beck Depression Inventory (BDI) scores after radiotherapy.

Conclusion. The laser therapy protocol used in this study did not reduce xerostomia or

increase saliva volume, and it did not alter salivary pH in patients subjected to radiotherapy
for HNSCC. In addition, there were no changes in the BAI or BDI scores.

Keywords: Salivary glands. Radiotherapy. Low-intensity light therapy. Xerostomia.
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INTRODUCTION

The vast majority of patients with head and neck cancer undergo radiotherapy (RT), which
has deleterious side effects (1). The salivary glands are highly radiosensitive, and damage to
these cells is inevitable in most cases, with manifestations in the first days of radiation
resulting in hyposalivation (1-3) and promoting changes that hinder basic functions of the oral
cavity and negatively impact the quality of life of patients (2). Long-term effects of radiation
include the accumulation of inflammation; development of fibrosis is the main characteristic
of damage in the salivary glands, which may or may not regenerate in one to two years, (4)
depending on the radiation dose administered, (5) the selected RT technique, and the
irradiated area and gland. (6-8)

Whole saliva is a mixture of fluids from the major salivary glands (parotid, submandibular,
and sublingual glands), which account for 90% of the total amount of saliva, and from the
minor glands, which contribute the remaining 10% (7). Under resting conditions, the
submandibular glands, which are composed of serous and mucous cells, produce two-thirds of
the mucin-rich saliva and contribute to the sensation of salivary viscosity. (7) The sublingual
glands produce 1% to 2% of the salivary product and are composed mainly of mucous cells;
they contribute to the feeling of hydration of the oral cavity. (7, 9) The parotid glands, formed
by serous cells, produce a watery fluid and, when stimulated, produce approximately 50% of
the total volume of saliva. (7, 10) The minor salivary glands, composed of mucous cells, play
a significant role in lubricating the mucosa despite their relatively small contribution to the
total volume of saliva. (7, 11)

The sensation of dry mouth occurs when the unstimulated salivary flow rate decreases by at
least 45% to 50%. (7, 12, 13) Salivary flow rates at rest of < 0.1 ml/min and stimulated
salivary flow rates of < 0.5 ml/min cause pathologic low saliva secretion, a condition called
hyposalivation. (7, 9)

Reduced salivary flow leads to xerostomia, or the sensation of dry mouth, one of the most
frequent side effects seen in patients with cancer in the head and neck region and
differentially affecting about 60% to 90% of patients. (14) A range of interventions is
available for the prevention and treatment of gland hypofunction. (2, 15) Drugs such as
pilocarpine and cevimeline are being recommended as first line treatment for hyposalivation
and xerostomia in cancer patients. (2, 5, 16, 17) However, these treatments have side effects.
(5) Bethanechol has similar activity to pilocarpine but with longer lasting effects; the few
studies on its activity in the treatment of radiation-induced hyposalivation show that it

provides minimal improvement of salivary flow and xerostomia.(5) Alternative treatment
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options include taking chewing gum, (18) sialogogues (2, 17), and artificial saliva forms; (2,
5, 17) all these provide temporary effect and few to no benefits (2, 16). Amifostine, a
radioprotective drug, has also been described in the literature as preventing salivary flow
reduction, but its high cost and harmful side effects make its use unfeasible. (2, 5, 17, 19)
Interventions such as acupuncture showed benefits in hyposalivation with an increase in
salivary flow volume and density, in addition to decreasing anxiety scores for patients with
reports of xerostomia, but showed no change in salivary pH. (1)

PBM has been shown to be beneficial in treating the symptoms of xerostomia and signs of
hyposalivation in cancer patients or those with autoimmune diseases such as Sjogren's
Syndrome, etc. (20, 21) However, the lack of an evidence-based protocol (20, 21) makes it
difficult to manage, prevent, and treat xerostomia and hyposalivation in cancer patients. (16)
Therefore, it is necessary to establish PBM parameters that can be effectively reproduced in
order to prevent or treat the harmful effects that further complicate patients' quality of life.
(21)
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PATIENTS AND METHODS
Ethical approval

The study was conducted in accordance with Resolution No. 466/2012 of the National Health
Council, which approves the guidelines and regulatory standards for research involving
human subjects, according to the ethical standards of the institutional and international ethics
committees, and also with the Helsinki Declaration of 1964 and its subsequent amendments.
The study was reviewed by the involved institutions and the Research Ethics Committee -
CEP, http://plataformabrasil.saude.gov.br/ (opinion no. 3.234.287) and CAAE no.
01518618.8.0000.5146. The study was registered in the Brazilian Registry of Clinical Trials
ReBEC, available at http://www.ensaiosclinicos.gov.br, on March 28 of 2021 with UTN no.
U1111-12599-9624 / RBR-9bt3cbj under the title "Evaluation of the use of low power laser

therapy for the treatment of dry mouth in patients of cancer in the head and neck region.” Data
were collected at Dilson Godinho de Quadros Hospital between December 2018 and March
2021.

Study design
This was a two-arm, single-blind, randomized, controlled, parallel-treatment clinical study

that followed the CONSORT guidelines to avoid bias. (22) The lack of a protocol with
scientific evidence for PBM (23-25) motivated the search for an effective protocol that would

bring benefits to patients.

Sample size calculation
The sample size was calculated based on standard practice, as described in the literature,

carried out in a very similar way to the present study, however, with the difference of having
used acupuncture intervention to decrease xerostomia and increase salivary flow, in addition
to improve anxiety scores. (1) The online chi-square sample size calculator available at
http:/clincalc.com was used. The sample size calculation provided data for two study groups
with independent samples suggesting a number of 85 participants divided between 41 in the
intervention group and 44 in the non-intervention group, who received different treatments
and the primary binomial outcome. (i.e., only two outcomes were possible in this study). The
calculation was performed to achieve an alpha level of 0.05, a beta level of 0.2 and a study
power of 0.8, with a confidence interval of 95%.


http://plataformabrasil.saude.gov.br/
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Allocation concealment and blinding

Before the start of the study, allocation concealment was performed by an investigator who
was not involved in the study, with the allocation sequence randomly generated using the
Research Randomizer software. This sequence was included in the informed consent form
(ICF) for later identification of the groups using an ID reveal method (that is, scratching the
sealed code after patients consented to participate). Patients were recruited from a sample that
was poised to start RT treatment. The individuals were invited to participate in the study after
they were provided with aclear explanation of all the study steps and after reading the ICF.
After patients confirmed their participation in the study, they were invited to sign the consent
form. The allocation sequence in the ICF randomly assigned patients using a 1:1 ratio and
provided knowledge of the group to which a patient was assigned (intervention or no-
intervention). Both the recruiter and the patient were blinded to this information, and this was
only available to the researcher responsible for administering the laser therapy after the
participant signed and scratched the ID code on the ICF, thus ensuring randomization. Access
to the identity of the group in which the participant was included occurred after he/she signed
the ICF and was provided solely to the researcher responsible for the intervention to avoid

interference of allocation and recruitment with the study results.

Inclusion criteria
Eligibility criteria included participants of both sexes aged over 18 years, histopathologically

confirmed diagnosis of squamous cell carcinoma in the oral cavity, lips, oropharynx, larynx,
hypopharynx, nasopharynx or occult primary site, and treatment with RT alone (3D
conformational technique or IMRT with radiation doses between 60 to 70 Gy) or in
combination with chemotherapy and/or surgery.

Exclusion criteria
Participants who did not participate or were not collaborative in all low-level laser

intervention sessions, previous RT in the head and neck region, having performed 10 sessions
of RT treatment at the time of randomization, or refusal to participate were the exclusion

criteria.

Intervention with photobiomodulation
The researchers who administered the laser treatment were certified in laser therapy by the

Ministry of Education and Culture (MEC) and authorized by the Class Council - Regional
Council of Dentistry (CRO). The patients in the intervention group received low-power laser
therapy with a Laser Duo device (MMOptics®, MMOptics Ltda, Sdo Carlos, S3o Paulo,
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Brazil, RRID: SCR_015955) that was validated and authorized for dental use by
ANVISAMS (registration no. 8005142002) and had the following technical characteristics: a
semiconductor light-emitting laser (GaA1As and InGaAlIP), an output laser beam area at the
laser pen tip of 3 mm?, power of 100 mW and a spot size of 0.030 cm?. Light transmission
was performed in continuous mode, and irradiation was performed using a punctual contact
technique directly on the tissue at a 90° angle of light incidence (in relation to irradiated
tissue) when possible, and at wavelengths of 660 nm (red laser) and 808 nm (infrared laser),
starting the intervention with the length of 660 nm in 15 points and, only after, 15 different
points, but in the same gland, of the length infrared waveform. The proposed protocol was
based on that of a previous study, (26) using a energy of 9.0 J (300 Jcm?) per application
point, distributed in the major salivary glands as follows: three extra-oral points for each
parotid gland, three extra-oral points for each submandibular gland (Figure 2A), and three
intra-oral points for the sublingual glands (Figure 2B), totaling 15 points, i.e., a total dose of
135 J was delivered to the tissues. The treatment was performed twice a week (Tuesdays and
Thursdays) during the radiotherapy treatment period, mostly with the 3D conformational
radiotherapy technique, and in only 5 participants (2 in the intervention group and 3 in the
without intervention) with the modality of Intensity Modulated Radiotherapy (IMRT), the
first intervention being right after the allocation and signature of the TCLE, remembering that,
as an inclusion criterion, the participant could only be there until the 10th session of RT. The
last laser intervention did not always coincide with the last RT session, since it happened only
twice a week and radiotherapy from Monday to Friday. The cases of mucositis and
radiodermatitis lesions in both groups were treated with photobiomodulation, in the protocol
proposed by Soares et al, 2018. Therefore, a portable DUO laser device was used, with a
semiconductor light emitter (GaAlAs and InGaAlP), optical power laser beam of 100mW,
laser beam output area of the pen nozzle of 3 mm?, spot area of 0.030 cm?, continuous mode
of operation of the equipment (light transmission), in the wavelengths of 660nm and 808 nm,
being delivered to the tissues an energy of 9 J per point, energy density of 300 J/cm?, power
density of 3.33 J/cm?. The form of irradiation was punctual, with an angle of incidence of
light, in relation to the tissues, at 90°. The objective was to ensure adherence to treatment and
ensure the participant's well-being and quality of life. The severity of mucositis was varied for
each participant and the protocol used was according to the appearance of the lesions and the
patient's complaint. The dose of PBM used for mucositis, therefore, was varied according to

the reality of each one, and following the aforementioned parameters. No interference or
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statistical difference was demonstrated between participants in the groups. PBM in tumors
was avoided as suggested by studies. (25-27)

To avoid harm to the patient, they were asked to wear protective goggles during all sessions,
the laser device was covered with plastic, and the applications were performed by qualified

professionals.

Groups
The intervention group was composed of participants who received PBM, while the

comparison group (no intervention) was composed of participants who did not receive
photobiomodulation and no other type of intervention for xerostomia and hyposalivation

during the research.

Outcomes and measured parameters
The primary outcome expected after photobiomodulation was the reduction or maintenance of

baseline xerostomia and hyposalivation scores (salivary flow volume, saliva density and pH
were evaluated) with comparison of results between groups or comparison of initial and final
results of participants in the same group. The expected secondary outcome was a reduction in
anxiety and depression scores. The participant included in the research was before starting
radiotherapy or until the 10th session of the treatment, had no contact with the researcher, and
therefore, no guidance or intervention had been carried out. Participants were evaluated
regarding their clinical and socioeconomic characteristics and regarding the use of
medications or previous comorbidities with anamnesis questionnaires. After their inclusion in
the study, they received guidance on oral hygiene, hydration and, when possible and
necessary, were referred to the Basic Health Units for adaptation of the previous oral
environment. No participant received oral stents or root prostheses and those who used oral
prostheses were instructed not to make the mask for treatment, using the prosthesis.
Participants were followed up without prescription of oral lubricants or chemical or
mechanical sialogogues in order to avoid factors that could interfere with the PBM
intervention. The parameters for evaluating the study variables were acquired in two stages:
the first evaluation was performed before the beginning of the PBM intervention among
patients who were up to the 10th RT session and the second evaluation was performed at or

near the end of the RT treatment.

Saliva collection and analysis
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Unstimulated sialometry was performed in both groups as adapted from previous studies
(28), and the patients' salivary flow was quantitatively and qualitatively determined through
objective analyzes (measurements of pH, weight and volume before the 10th radiotherapy
session and close to the last treatment session). (29) It was decided that saliva would be
collected without stimulation because some patients were edentulous, which would make the
use of sialagogues difficult. Patients were instructed not to eat for one hour before collection.
They were placed in a resting position with their heads tilted down and instructed to spit out,
letting the saliva flow to the front of the mouth for five minutes and then spit it out into a
collection container. (29) The saliva collected was weighed on a calibrated precision scale
before each weighing. After the foam was discarded, with vibration to break the formed balls,
the saliva was transferred to a 5 ml syringe for volume determination (in ml). Subsequently,
the pH of the saliva was measured and recorded using a pH meter that was also calibrated
daily with buffer solutions of known pH (4.02 and 6.86). We searched the medical records for
evidence of the use of medications that could trigger xerostomia and interfere with saliva
production, in order to avoid confounding bias. (30) All sample collections were performed in
a standardized way, that is, in the morning, between 8 am and 11 am to avoid circadian effects
(11, 31) and diurnal variations in salivary flow. (32)

Unstimulated sialometry was performed in both groups as adapted from previous, and
patients' salivary flow was quantitatively and qualitatively determined through objective
analyzes (measurements of pH, weight and volume before the 10th session and close to the
10th session). (29) It was decided that saliva would be collected without stimulation because
some patients were edentulous, which would make the use of sialagogues difficult. Patients
were instructed not to eat for one hour before collection. They were placed in a resting
position with their heads tilted down and instructed to spit out, letting the saliva flow to the
front of the mouth for five minutes and then spit it out into a collection container. (29) The
saliva collected was weighed on a calibrated precision scale before each weighing. After the
foam was discarded, the saliva was transferred to a 5 ml syringe for volume determination (in
ml). Subsequently, the pH of the saliva was measured and recorded using a pH measuring
device that was also calibrated daily with buffer solutions of known pH (4.02 and 6.86). We
searched medical records for evidence that the use of medication that could trigger xerostomia
and interfere with saliva production in order to avoid confounding bias.(30) All sample
collections were performed in a standardized manner, ie, in the morning, between 8 am and

11 am, to avoid circadian effects (11, 31) and diurnal variations in salivary flow. (32)
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Questionnaires
The Xerostomia Inventory, (33, 34) the Beck Anxiety Inventory (BAI) and the Beck

Depression Inventory (BDI) (33) were administered to identify signs and symptoms

associated with xerostomia, anxiety, and depression, respectively.

Statistical analysis
Statistical analysis was performed using the PASW® software version 18.0 for Windows®.

Kolmogorov-Smirnov and Shapiro-Wilk tests were performed to evaluate the distribution of
data; the analyses showed that the data were non-parametrically distributed. Subsequently, the

Mann-Whitney U test was performed.
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RESULTS
Both groups had the same initial clinical characteristics
A total of 111 patients were screened for eligibility, and 85 patients were included in the

study. The intervention group consisted of 41 participants; the others were excluded due to
death (n = 5), withdrawal from the study due to reports of fatigue resulting from the time of
the intervention by the participants (n = 7) and interruption of cancer treatment (n = 6). The
non-intervention group included 44 patients; the others were excluded due to death (n = 3),
withdrawal from the study who reported not intending to continue to participate in the
research (n = 3) and interruption of cancer treatment (n = 2). The study flowchart is shown in
Figure 1.

The group that received the intervention consisted of 41 patients (32 men and 9 women)
between 40 and 83 years of age (mean = 59.61; SD = 10.7). Regarding the distribution of
malignant tumors, 17 were located in the oral cavity, 12 in the oropharynx, and 12 in the
larynx. Among all patients in the treatment group, 18 were treated with RT and
chemotherapy; 5 were treated with RT, chemotherapy, and surgery; and 18 were treated with
RT and surgery. The non-intervention group consisted of 44 patients (35 men and 9 women)
aged 34 to 79 years (mean = 59.66; SD = 9.967). In the non-intervention group, the
distribution of lesions was as follows: 14 in the oral cavity, 15 in the oropharynx, 7 in the
hypopharynx, 5 in the larynx, 2 in the nasopharynx, and 1 in an unknown primary site. In this
group, all patients were treated with RT: 2 patients were treated exclusively with RT, 24
patients were treated with RT and chemotherapy; 7 patients were treated with RT,
chemotherapy, and surgery, and 11 patients were treated with RT and surgery. The groups did
not differ regarding clinical findings that could affect the incidence of xerostomia (Table 1).
The risks of applying low-power lasers are considered minimal and associated with the
inadequate use of personal protective equipment (PPE). However, no patient was harmed,
and those who complained of discomfort due to fatigue were promptly excluded from the

study.

Xerostomia score
The Xerostomia Inventory was used to collect reports of xerostomia symptoms. (33, 34)

There was no statistical difference between the groups regarding the final xerostomia scores
(Figure 3A).
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There was no increase in saliva volume and density and no change in salivary pH in both
groups (Figure 3B, 3C, and 3D).

Obijective analyses for xerostomia and were performed using sialometry (28, 29) that showed
no significant differences in saliva volume and density before and after RT among the study
participants (1) i.e., the volume and density levels of saliva were not significantly different
between patients treated with laser therapy at the applied dose and wavelength (Figure 3B and
3C) and those who did not receive the intervention. There was no significant difference
between groups regarding saliva density after RT (figure 3C). RT treatment and PBM (Figure
3D) did not alter the pH of saliva.

Reduction of anxiety and depression

The BAI and BDI (33) were applied to determine if there was an effect of laser therapy on the
degree of anxiety and depression, respectively. No significant differences were observed
between the groups before (p= 0.587 and p= 0.825, respectively) or after laser treatment (p=
0.485 and p=0.158, respectively; Table 2).
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DISCUSSION
The unwanted effects of RT in the head and neck region interfere with the basic functions of

the oral cavity and have a negative impact on patients' quality of life. (7) The present study
was based on a study (26) that analyzed the effect of low-power laser on the prevention and
treatment of radiation-induced xerostomia in patients with head and neck cancer.

Alternative therapies such as low-power laser therapy have been used to minimize the
deleterious effects of RT treatment. (21) However, despite many experiments, the use of laser
therapy is controversial. (35, 36) The biochemical and cellular changes caused by the use of
laser therapy have benefits that include tissue repair; reduction of pain, inflammation and
edema; and minimization of damage to irradiated healthy cells adjacent to the tumor. (21, 24,
27, 35-37) PBM is a non-invasive, simple, painless, inexpensive, and well-tolerated treatment
that does not harm patients.(23, 24, 27, 38) Photobiomodulation does not have carcinogenic
effects and does not induce malignant transformation of healthy epithelial tissue cells or
fibroblasts.(27) However, despite many positive reports in the literature, parameter
specifications including dosage, wavelength, fluence, power density, pulse, and duration
remain cunclear. (21, 24, 27, 35-37) Well-established laser therapy parameters are crucial for
treatment efficacy. (19, 23, 24)

Studies performed in mammalian cells have shown a more effective response to biphasic dose
delivery to tissues with low-level laser energy, resulting in a better therapeutic outcome, (35-
37) which suggests that a high power density or long duration of irradiation can inhibit the
action of the laser on the tissues. (35-37) However, research with human cells has shown that
the combination of red and infrared laser wavelengths with an energy of 9J (300 Jcm?2)
delivered to tissues increases fibroblast proliferation within 24 hours and promotes tissue
repair, (26) which allows for periodic photobiomodulation twice a week (Tuesdays and
Thursdays) and the maintenance and recovery of fibroblasts throughout the week in cases of
oral mucositis. (26) These data verify the security and efficiency of the proposed protocol.
PBM was performed in a group of 41 participants, while a placebo group of 44 participants
did not receive the intervention, with the aim of analyzing the effects of photobiomodulation
on salivary glands of patients who received RT in radiotherapy techniques, 3D three-
dimensional conformal radiotherapy and IMRT, in the head and neck region.

Other studies report that PBM contributes to the increase of local microcirculation, which
leads to the proliferation of acinar cells in salivary glands and increases cellular respiration.

(19, 23) In addition, it favors the production of ATP, protein synthesis and raises the level of
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intracellular calcium. (19, 23) There is evidence that photobiomodulation can contribute to
improving cell function in remaining glands that have not yet suffered radiation damage
sufficiently capable of leading to a hypofunction of their cells. (19, 23)

In a study conducted during RT treatment, (19) low-power laser with combined wavelengths
targeted major and minor salivary glands, but at a dose lower than that proposed herein, and
was shown to be a promising and effective agent in mitigating salivary hypofunction in
patients with head and neck cancer, resulting in increased salivary flow rate. In another study
conducted after receiving RT, (23) the use of low-power laser with a wavelength of 808 nm
(infrared) resulted in significantly increased salivary flow and pH and decreased xerostomia,
however, there was no comparison group in this study. (23)

Research (31) conducted with laser therapy (with one wavelength) in patients undergoing
cancer treatment and with mucositis lesions showed an effect of non-ionizing radiation on
salivary flow and indicated that laser therapy mitigates hypofunction of the salivary glands.
(21, 31) In the present study, there were no differences between the groups regarding saliva
volume and pH or reduction of self-reported xerostomia symptoms among the participants
that received laser therapy for mucositis lesions; however, a combination of wavelengths (red
and infrared) was used.

Many studies have used more advanced RT techniques to reduce xerostomia, such as
intensity-modulated radiation therapy, partially sparing the parotid glands. (4, 7, 32, 39) With
regard to the amount of saliva production, the salivary flow of spared parotid glands appears
to increase significantly over time, compared to that of glands irradiated using conventional
techniques. (7, 30, 35) However, complaints of xerostomia by the patients did not necessarily
cease to exist, but experiences of xerostomia became inconsistent and complex. (32) This
phenomenon may explain the fact that, in that study, the patients’ subjective sensations of dry
mouth remained even with the use of an RT technique that spares the parotid gland. (7)

Thus, sparing parotid glands alone is not a guarantee of decreased xerostomia. (7) Therefore,
the role of the submandibular glands in unstimulated production of saliva stands out (7, 32,
40) as one of the most important in complaints of dry mouth, (7, 32, 41-43) because the
presence of mucin, produced by the submandibular glands and minor salivary glands in a
smaller quantity, acts as a selective barrier of permeability of the oral mucosa and contributes
to keeping tissues hydrated and, in turn, contributes to the individual’s subjective feeling of
oral hydration. (7, 32, 44) Studies in which the location of the submandibular gland was
surgically changed during radiation to a non-irradiated area resulted in significant

improvements in salivary flow production and in symptoms of dry mouth reported by the
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patient.(32, 45, 46) However, one study did not demonstrate improvement in the quality of
life of patients who underwent surgery for gland transfer compared to those who did not. (45)
In addition, the indication for the procedure has limitations. (17)

Other studies suggest a lower radiosensitivity of the submandibular gland compared to the
parotid glands, which is compatible with the common symptoms of thick and sticky saliva
throughout RT treatment and after its completion, relating to the faster fall in the production
of the aqueous content of the saliva produced by the parotid glands compared to the fall in
mucin secretion, which occurs predominantly in the submandibular and minor salivary
glands. (7, 32, 47)

In the present study, there was no significant difference between patients who used drugs
responsible for the reports of dry mouth sensation and those who underwent surgical removal
of submandibular glands or others.

Radiation doses were similar in the two study groups, as were the related probable causes of
xerostomia and hyposalivation; however, the use of this photobiomodulation protocol in the
treatment and the radiotherapy treatment did not interfere with salivary pH.

It was demonstrated that the combination of the two wavelengths did not result in statistical
differences between the two groups regarding the complaint of xerostomia or the signs of
hyposalivation such as saliva volume and pH. Regarding the depression and anxiety scores of
the patients, there was also no statistical difference for the scores of the compared groups. It is
important to emphasize that further studies should be carried out to clarify the benefits of
photobiomodulation and establish a protocol capable of preventing and treating lesions in the

salivary glands of cancer patients.
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Figures Legend
Figure 1-The study flowchart is illustration.
Figure 2-Esquematic intervention
(A)Scheme of irradiation sublingual salivary gland intraorally.

(B) Extra oral irradiation of parotid and submandibular glands

Figure 3 — Final parameters

(A)Final score in xerostomia
(B) Final saliva volume
(C) Final saliva density
(D)Final saliva pH
There was no statistical difference between the xerostomia scores, volume, density and pH of

saliva between the groups compared at the end of the intervention.

Table 1-Comparison of initial clinical characteristics between groups
No initial clinical differences were observed in comparison of intervention and without

intervention groups.

Table 2- Comparison of anxiety and depression levels between intervention and non-
intervention groups.
No differences were observed between the scores of the initial and final anxiety and

depression inventories when comparing the intervention and non-intervention groups.

Table 3 - Quantitative Analyses of Normal Tissue Effects in the Clinic (QUANTEC)
Maximum dose and average dose limits so that ionizing radiation damages do not occur in

parotid glands according to the Quantec table. (48) Adapted table
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Figure 1 - The study flowchart is illustration.
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Figure 2 - Esquematic intervention

(A)Scheme of irradiation sublingual salivary gland intraorally.

(B) Extra oral irradiation of parotid and submandibular glands
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Figure 3 - Final parameters
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There was no statistical difference between the xerostomia scores, volume, density and pH of

saliva between the groups compared at the end of the intervention.

Table 1

Table 1-Comparison of initial clinical characteristics between groups

Without With ntervention
intervention (n=44) group (n=41)
P
valu
N@ % Ne % e

Sex

Male 35 79.5% 32 78.0%

Female 9 20.5% 9 22.0% 0.87
Age (y)

Range 34-79 40-83

Mean (SD) 60 (10.0) 60 (10.7) 0.92
Smoking status

Non Smoker 5 11.4% 5 12.2%

Smorker or ex-smoker 39 88.6% 36 87.8% 0.90
Alcohol use disorder

Never drank 2 4.5% 3 7.3%

Alcoholic or ex-alcoholic 42 95.5% 38 92.7% 0.59
Treatment

RT 2 4.5% 0 0%

RT+CT 24 54.5% 18 43.9%

RT+CT+SUR 7 15.9% 5 12.2%

RT+SUR 11 25.0% 18 43.9% 0.19

Chemotherapy scheme
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No medicine 13 29.5% 18 43.9%

Cisplatin 28 63.6% 23 56.1%

Cisplatin and fluorouracil 1 2.3% 0 0.0%

Cisplatin and docetaxel 1 2.3% 0 0.0%

Cisplatin, docetaxel and
fluouracil 1 2.3% 0 0.0% 0.38
RT dose

> 60Gy and £ 62 Gy 13 29.5% 12 29.3%

66 Gy 7 15.9% 7 17.1%

70 Gy 24 54.5% 22 53.7% 0.99
Technic RT

3D 41 93.2% 39 95.1%

IMRT 3 6.8% 2 4.9% 1.00
Anatomic site

Oral cavity 14 31.8% 17 41.5%

Oropharynx 15 34.1% 12 29.3%

Hypopharynx 7 15.9% 0 0%

Larynx 5 11.4% 12 29.3%

Nasopharynx 2 4.5% 0 0.0%

Occult primary 1 2.3% 0 0.0% 0.01
Cancer staging

Stage | 0 0.0% 0 0.0%

Stage Il 4 9.1% 4 9.8%

Stage llI 11 25% 7 17.1%

Stage IV 29 65.9% 30 73.2% 0.61
Use of medication that causes
xerostomia

Yes 30 68.2% 29 70.7%

No 14 31.8% 12 29.3% 0.80

No initial clinical differences were observed in comparison of intervention and without
intervention groups.
Table 2- Comparison of anxiety and depression levels between intervention and non-

intervention groups.

Without intervention (n=44) With ntervention group (n=41)
e % e % Fyalue
Anxiaty
Low anxiety 39 88.6% 37 0. 20%
hModerate anxiety 5 11.4% 3 T.3%
High anxiety 0 0.0% 1 2.4% 0.49
Depression
Minimal depression 12 27.3% 9 22.0%
Mild depression 17 38.6% 24 58.5%
hloderate depression T 15.9% [ 14.6%
Severe depression 8 18.2% 2 4.9% 0.1&

No differences were observed between the scores of the initial and final anxiety and

depression inventories when comparing the intervention and non-intervention groups.
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QUANTEC Summary: Approximate Dose/VVolume/Outcome Data for Several Organs

Following Conventional Fractionation

Volume

(partial organ unless

Dose (Gy), or
dosefvolume

Notes on

Organ segmented

Endpoint

parameters Rate (%)

dose/volume parameters

Parotid Bilateral whole
parotid glands

Long term parotid salivary
function reduced o <25% of
pre-RT level

Mean dose <25 <20

. . «
For combined parotid glands

Unilateral whole
parotid gland

Long term parotid salivary
function reduced to <25% of

pre-RT level

Mean dose <20 <20

For single parotid gland.
Ar Lcu.-.l.s:lnc parotid gland spared to

<20 Gy

Bilateral whole
parotid glands

Long term parotid salivary
function reduced o <25% of
pre-RT level

Mean dose <39 <50

For combined ]Jiimlid glands {per
Fig. 3 in paper)

Abbreviations: 3D-CRT = 3-dimensional conformal radiotherapy
+All at standard fractionation (i.e., 1.8-2.0 Gy per daily fraction) unless otherwise noted. Vx
is the volume of the organ receiving > x Gy. Dmax = Maximum radioation dose.

T Severe xerostomia is related to additional factors including the doses to the submandibular

glands.

Dose average limits so that ionizing radiation damages do not occur in parotid glands
according to the Quantec table. Adapted table



SUPPLEMENTARY MATERIAL
CONSORT 2010 checklist of information to include when reporting a randomised trial.

57

Jeswsons
wa CONSORT 2010 checklist of information to includewhen reporting a randomised trial
Item Reported
Section/Topic Ho  Checklist item on page No
Title and abstract
1a ldentification asa randomised trial inthe tithe 01
1h  Structured summary of trial desian, methods, results, and cONCIUSI0NS for specific quidanee see CONSORT for abstracts) 01
Introduction
Background and Za  Scientific hackground and explanation of rationale 0z
ohjectives 2h  Specific objectives or hypotheses 03
Methods
Trial design 3a  Descriptionoftrial design {such as parallel, factorial) including allacation ratio 04
3b  Important changesto methodsaftertrial commencement (such as eligibility criteria), with reasons 04
Participants d4a  Eligihility criteriafor paricipants 05
4h  Settings and locationswhere the data were collected 04
Interventions a The interventionsforeach group with sufficient detailsto allow replication, including how and when they were 04 e 06
actually administered
Cutcomes Ga  Completely defined pre-specified primary and secondary outcome measures, including how and when they or
were assessed
Gh  Any changesto trial outcames after the trial commenced, with reasons Jufz]
Sample size Ta How sample sizewasdetermined 04
Th  When applicable, explanation of any interim analyses and stopping guidelines i,
Randomisation:
Sequence ga  Method usedto generatethe random allacation sequence 05
generation 8h  Type of randomisation; details of any restriction (such as blocking and block size) 05
Allocation 9 echanism usedto implementthe random allocation sequence {such as sequentially numbered containers), 05
concealment describing any stepstaken to concealthe sequence untilinterventionswere assigned
mechanism
Implementation 10 Who generatedthe random allocation sequence, who enrolled padicipants, andwho assigned padicipantsto 05

interventions

CONEORT 201D cheaiis

Page {
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Blinding 11a If done, whowas blinded after assignmenttointerventions {for example, padicipants, care providers, those 05
assessing outcomes) and how
11k If relevant, description of the similarity of interventions [lid
Statistical methods  12a Statistical methodsused to compare groupsforprimary and secondary outcomes 04
12b  Methods foradditional analyses, such as subgroup analysesand adjusted analyses IHfA
Results
Participant flow (3 13a  Foreach group, the numbers of paticipants whowere randomly assigned, received intended treatment, and 04
diagrarmis strangly were analysedfarthe primary outcame
recommended) 13b  Foreach group, lossesand exclusions after randomisation, togetherwith reasons 04
Recruitment 14a Dates definingthe periods of recruitment and follaw-up 04
14h  Why the trial ended or was stopped [lid
Baseline data 15  Atable showing baseline demographic and clinical characteristicsfor each group Table 1
Mumbersanalysed 16  Foreach group, number of participants {denominator) included in each analysisand whetherthe analysiswas Flow chart
by original assigned groups
Cutcomes and 17a  Foreach primary and secondary outcame, results for each group, and the estimated effectsize andits 4andi
estimation precision {such as 95% confidence interval)
17k For hinary autcomes, presentation of hoth absolute and relative effectsizesis recommended [HrA
Ancillary analyses 18  Results of any other analyses performed, including subgroup analysesand adjusted analyses, distinguishing 09
pre-specified from exploratory
Harms 18 Allimportant harmsor unintended effectsin each group cor specific guidance see COMSORT for hamms) 1]
Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 14
Generalisahility 21 Generalisability (externalvalidity, applicability) of the trial findings T,
Interpretation 22 Interpretation consistentwith results, balancing benefits and harms, and considering other relevant evidence 1]
Other information
Registration 23 Registration number and name of trial registry 04
Protocol 24 Where the fulltrial protocol can be accessed, if availahle 04
Funding 25  Sourcesof funding and other support (such as supply of drugs), role of funders 14
CONGORT 2070 ahechiist Page 2

* W ctroryghy recomm snd readivgthic statem ard corgmction waththe COME ORT 2010 Explnation and Babastion for important clarficatiore onall the iteme, B releward, mme aleo
recommend reading COHE ORT eteneiore for cheter mindom ed triade, hon- bferiaity srd e quiralaee triak notepharm acological treatm avde, herbal barmartions, md praamatic roals,
Additieral exctereiore are fortheam g for those and forpto date refererces Telerat toth chechlist cee Rramncorsort: statem st 05T,
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4. CONSIDERACOES FINAIS

Qualquer que seja a modalidade de tratamento escolhida para o paciente oncoldgico, seja
cirurgico, quimioterapico ou radioterapico, os efeitos colaterais acontecerdo, em maior ou
menor gravidade. A radioterapia na regido de cabeca e pescoco esta associada a complicacdes
que podem levar a quadros de ansiedade e depressdo e impactam diretamente e de forma

negativa a qualidade de vida do paciente.

A fotobiomodulacdo tem sido citado pela literatura como um potencial colaborador no manejo
de hipossalivagdo e xerostomia causadas pelos tratamentos oncoldgicos. Porém, a falta de um
protocolo definido dificulta o seu uso.

O presente estudo foi baseado em pesquisa com células humanas que verificou a acdo do laser
em fibroblastos, seguido de ensaio clinico randomizado para minimizar danos da mucosite
oral (57) e buscou verificar o efeito da fotobiomodulagdo em glandulas salivares, para
verificar o impacto no tratamento da hipossalivagdo e da xerostomia decorrentes do
tratamento oncoldgico, em especial durante a radioterapia, propondo um protocolo

terapéutico.

Porém, ndo foi demonstrada diferenca significativa entre os grupos analisados em relagdo ao
uso do laser de baixa intensidade para tratamento de hipossalivacdo e xerostomia em
pacientes oncolégicos com utilizacdo do protocolo proposto. Corroborando com essa
afirmativa, o resultado dos inventarios de xerostomia, além do BDA e BDI também
demonstraram ndo haver diferenca significativa na queixa de sensacdo de boca seca,

ansiedade e depressdo entre 0 grupo que recebeu intervencao e o grupo sem intervencéo.
Como limitacéo para este estudo foi impossivel cegar o pesquisador durante o tratamento.
Devido as caracteristicas especificas das glandulas salivares, como por exemplo, apresentar

radiossensibilidade com danos logo nos primeiros dias de tratamento oncoldgico, mesmo

possuindo renovacédo celular lenta em comparacdo aos outros tipos de células, ou devido ao
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fato da radiacédo ionizante provocar danos em seus recepetores muscarinicos de acetilcolina ao
invés de danos nos DNAs e, consequentemente, morte celular por apoptose, 0 mecanismo de
acao do laser sobre essas células também pode apresentar efeitos especificos. Portanto, mais
estudos sdo necessarios em busca do entendimento sobre a a¢do da fotobiomodulacdo sobre
células acinares, se ha algum tipo de reparo dos recpetores das células remanescentes e0u a
possibilidade de reversdo da fibrose celular ocasionada pela radiagéo ionizante, a fim de tratar

a hipossalivacéo e a xerostomia trazendo beneficios para os pacientes.
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