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NOVAS ABORDAGENS NO DIAGNOSTICO NAO INVASIVO DE CANCER BUCAL
UTILIZANDO ESPECTROSCOPIA FTIR EM AMOSTRAS DE SANGUE E SALIVA

RESUMO

THEBIT, M.M. Novas abordagens no diagnéstico nao invasivo de cancer bucal
utilizando espectroscopia FTIR em amostras de sangue e saliva. 2021. 75f. Tese
(Doutorado em Biotecnologia) — Programa de Pds-Graduagéo em Biotecnologia, UFES,

Espirito Santo. Brasil.

O cancer bucal é geralmente diagnosticado através de métodos invasivos, pois embora
as alteracdes sistémicas possam ser facilmente detectadas, ainda nao foi identificado um
biomarcador periférico eficaz usando uma abordagem simples e acessivel. O
infravermelho com transformada de Fourier de reflexao total atenuada (ATR-FTIR) surge
como uma alternativa para a caracterizagao quimica e estrutural de materiais organicos
e inorganicos, incluindo amostras liquidas como soro, plasma e saliva e uma possivel
ponte entre a analise molecular e a pratica clinica. Objetivo: O objetivo deste estudo foi
avaliar se a espectroscopia ATR-FTIR pode ser aplicada como ferramenta no
rastreamento do cancer bucal por meio da analise de amostras de plasma e saliva.
Metodologia: Foram analisadas amostras de plasma e saliva de pacientes com cancer
bucal e controles através da espectroscopia ATR-FTIR . Os dados experimentais foram
alimentados no software MATLAB 2018b e analisados por meio de duas rotinas
diferentes a fim de identificar pontos de diferenciagdo entre os grupos. Resultados: A
analise bioquimica das amostras de plasma através de ATR-FTIR alcangcou 92% de
sensibilidade e 100% de especificidade na diferenciacédo entre os grupos. A maior
diferenca foi encontrada entre os picos que podem estar relacionados aos acidos
nucléicos e fosfato de acido nucléico. Estudo piloto com amostras de saliva foi capaz de
discriminar os grupos caso e controle. Conclusdo: Concluimos que o ATR-FTIR

discriminou com sucesso as amostras de pacientes com cancer oral dos individuos



saudaveis usando amostras de plasma, com acidos nucléicos sendo encontrados como
biomarcadores principais.

Palavras-chave: biomarcador, ATR-FTIR, acidos nucléicos, cancer oral, diagnéstico

molecular.



NEW APPROACHES IN THE NON-INVASIVE DIAGNOSIS OF ORAL CANCER
USING FTIR SPECTROSCOPY ON BLOOD AND SALIVA SAMPLES

ABSTRACT

THEBIT, M.M. New approaches in the non-invasive diagnosis of oral cancer using
FTIR spectroscopy on blood and saliva samples. 2021. 75f. Thesis (Doctoral in

Biotechnology) - Postgraduation Biotechnological Program, UFES, Espirito Santo. Brazil.

Oral cancer is usually diagnosed through invasive methods, for although systemic
changes can be easily detected, the identification of an effective systemic biomarker using
a simple and affordable approach has yet to take place. Attenuated total reflection Fourier
transform infrared (ATR-FTIR) appears as an alternative for the chemical and structural
characterization of organic and inorganic materials, including liquid samples as serum,
plasma and saliva and a possible bridge between molecular analysis and clinical practice.
Objective: The aim of this study was to evaluate if ATR-FTIR spectroscopy can be applied
as a tool in oral cancer screening through the analysis of plasma and salivary samples.
Methodology: Plasma and saliva samples from oral cancer patients and controls were
analyzed by ATR-FTIR spectroscopy. Experimental data were fed into the MATLAB
2018b software and them analyzed through two different routines in order to identify points
of differentiations between the groups. Results: Biochemical analysis of the plasma
samples through ATR-FTIR yielded 92% sensitivity and 100% specificity in differentiating
between groups. The biggest difference was found between peaks that might be related
to nucleic acids and nucleic acid phosphate. Pilot study with salivary samples reached
similar accuracy Conclusion: We conclude that ATR-FTIR successfully discriminated
between oral cancer patients and healthy subjects using plasma samples, with nucleic

acids being found as major biomarkers.



Key words: biomarker, ATR-FTIR, nucleic acids, oral cancer, molecular diagnosis.
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1 INTRODUGAO

1.1 CANCER DE CAVIDADE ORAL

O cancer de cavidade oral é uma das formas de neoplasia mais prevalentes em todo o
mundo. De acordo com a Agéncia Internacional de Pesquisa do Cancer (IARC), sao
esperados 377. 713 novos casos no ano corrente. Para os homens brasileiros, a taxa de
incidéncia esta em torno de 5%(DE OLIVEIRA SANTOS, 2020). Segundo o relatério
sobre o cenario assistencial e epidemiolégico do cancer de labio e cavidade oral no Brasil
apresentado pelo Ministério da Saude em 2020 (MINISTERIO DA SAUDE, 2020) os
homens representam 77% da taxa de ébito e sdo maioria na demanda por radioterapia e
qguimioterapia relacionados ao cancer de labios e cavidade oral no Brasil enquanto as

mulheres sao maioria na realizacido de coleta de material para biépsia/puncéo.

A cavidade oral é definida como o espago anatdémico que fica entre um plano coronal
imaginario tragado da jungao do palato mole e duro e as papilas circunvaladas da lingua
até o vermelh&o dos labios. Quando nos referimos a cancer de cavidade oral estamos
falando de neoplasias que acometem os labios, os 2/3 anteriores da lingua, o soalho
bucal, a mucosa jugal, o palato duro, a gengiva alveolar e o trigono retro molar (WONG;
WIESENFELD, 2018), estruturas essas apresentadas na Figura 1.. A regido posterior da
lingua e o palato mole sdo chamados regido de orofaringe e sdo geralmente acometidos

por neoplasias de comportamento diferente do observado na cavidade oral.
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Labios
Gengiva
Palato Duro
Lingua

Soalho Bucal

Trigono Retromolar

Figura 1: Sitios anatémicos da cavidade oral

O tipo mais comum de tumor maligno bucal é o carcinoma de células escamosas (CEC).
O CEC € uma neoplasia com origem no epitélio de revestimento e é responsavel por 95%
das neoplasias orais diagnosticadas(RHODUS; KERR; PATEL, 2014). Apesar dos
avancos alcangados no tratamento, o carcinoma epidermaéide de cavidade oral apresenta
baixa sobrevida global em 5 anos em aproximadamente 50% dos pacientes
diagnosticados. A maioria dos pacientes s&o diagnosticados em estadiamento avangado
impactando negativamente o prognéstico (BRENER, 2007; GOMES et al., 2019; PEREA
et al., 2018).

O carcinoma de células escamosas oral (CCEO) pode ser precedido por lesdes
potencialmente malignizaveis, apresentando-se como alteragdes brancas(leucoplasias),
vermelhas(eritroplasias) e/ou brancas e vermelhas(eritroleucoplasias). A leucoplasia é a
lesdo potencialmente malignizavel mais prevalente e tem o tabagismo como importante
fator etioldgico. As taxas de transformacao maligna destas lesdes s&o incertas, variando
entre 0,5% a 34%. O diagndstico diferencial destas lesdes geralmente é feito com auxilio
de biopsia seguida por analise histopatolégica (VAN DER WAAL, 2014,
WARNAKULASURIYA; ARIYAWARDANA, 2016).
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A American Joint Committee on Cancer (AJCC) e a Uniao Internacional de Controle do

Cancer (UICC) utilizam o sistema TNM para estabelecer o estadiamento das neoplasias

de cavidade oral. A classificacdo TNM aborda a extensdo anatdbmica do tumor

primario(T), a auséncia ou presenca de comprometimento de linfonodos regionais (N) e

a presenga ou auséncia de metastase a distancia (M) para determinar o estadiamento
do quadro (HUANG; O’SULLIVAN, 2017). O sistema TNM € uma importante ferramenta

de unificagdo de linguagem cientifica e clinica da abordagem dos tumores de cavidade

oral e esta descrita na tabela 01.

Tabela 1: Classificagcdo TNM para tumores da Cavidade Oral (2018)

TUMOR PRIMARIO

Tx

Tumor primario nao pode ser avaliado

Tis

Carcinoma in situ

T

Tumor de 2 cm ou menos nas maiores dimensdes e até 5 mm de profundidade de
invasao

T2

Tumor com mais de 2 cm nas maiores dimensdes e entre 5 a 10 mm de
profundidade de invasao ou tumor de mais de 2 cm e menor ou igual que 4 cm nas
maiores dimensdes e profundidade de invaséo de até 10 mm

T3

Tumor com mais de 4 cm nas maiores dimensdes ou mais de 10 mm de
profundidade de invasao

T4a

Tumor invade somente as estruturas adjacentes (por exemplo, através do osso
cortical da mandibula ou da maxila ou invade a pele da face)

T4b

Tumor invade o espaco mastigatério, placas pterigoideas ou base do cranio, ou
circunferencialmente a artéria carétida interna
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ESTADIAMENTO LINFONODAL

Nx

Linfonodos regionais ndo podem ser avaliados

NO

Sem metastases em linfonodos regionais

N1

Linfonodo regional unico, ipsilateral ao tumor e com 3 cm ou menos nas maiores
dimensodes, sem extravasamento capsular

N2a

Linfonodo regional unico, ipsilateral ao tumor, com tamanho entre 3 e 6 cm, sem
extravasamento capsular

N2b

Multiplos linfonodos regionais comprometidos, ipsilateral ao tumor, nenhum com
mais de 6 cm nas suas maiores dimensodes, sem extravasamento capsular

N2c

Linfonodos regionais bilaterais ou contralaterais comprometidos, nenhum maior que
6 cm em sua maior dimensao, sem extravasamento capsular

N3a

Llinfonodo regional comprometido com mais de 6 cm em sua maior dimensé&o, sem
extravasamento capsular

N3b

Metastases em um ou mais linfonodos com extravasamento capsular (a presenga
de envolvimento da pele ou invasao de tecidos moles com fixagdo da musculatura
ou estruturas adjacentes ou sinais clinicos de envolvimento neural, classificado
como extensao extracapsular clinica)

METASTASE DE DISTANCIA

MO

Auséncia de metastases a distancia

M1

Presenca de metastases a distancia

Muitos fatores etiolégico podem estar relacionados ao cancer bucal, sendo a exposicao

ao tabaco, o uso prolongado de alcool e a infecgéo pelo virus do papiloma humano os

mais bem estabelecidos (KUMAR et al., 2016). O tabagismo especificamente, figura

como fator de risco inegavel para diversas neoplasias, desde o cancer do trato

aerodigestivo ao cancer de trato urinario(VINEIS et al., 2004). O consumo de alcool e

tabaco estdo diretamente relacionados ao risco de desenvolver cancer de cabeca e

pescocgo (incluido cancer de cavidade oral), sendo o uso de tabaco um expressivo fator

de risco (ZHANG et al., 2015). O papel isolado do consumo de alcool ainda nao foi bem
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estabelecido (HOES; DOK; VERSTREPEN, 2021) e alguns estudos sugerem que seu
efeito se da majoritariamente como potencializador dos efeitos do tabaco nao
apresentando, desta forma, efeito deletério com seu uso isolado (FERREIRA ANTUNES
et al., 2013).

O diagnéstico tardio faz com que o progndstico deste tipo de neoplasia se torne
desfavoravel reforgando a ideia de que exista urgéncia em se ampliar o acesso nao so
ao tratamento, mas aos servigos de diagndstico especializado principalmente pelos

grupos de risco.

1.2 TECNICAS DIAGNOSTICAS

Atualmente o padrao ouro em identificagdo e categorizagao do cancer bucal € a biopsia
seguida de analise histopatologica(CARRERAS-TORRAS; GAY-ESCODA, 2015; CHEN
et al., 2016). A identificacado do estagio inicial e a diferenciacdo entre lesdes malignas e
potencialmente malignizaveis (leucoplasias, eritoplasias) permanece um desafio, com
isto 0 consenso sobre a melhor técnica a ser adotada ainda néo foi alcancado(LOPEZ-
LOPEZ; OMANA-CEPEDA; JANE-SALAS, 2015; RAJMOHAN et al., 2012). A precisdo
de técnicas subjetivas ( avaliagao visual ou leitura de laminas histopatoldgicas) pode
variar de acordo com a experiéncia do operador enquanto o emprego de técnicas
objetivas (analise molecular) é inviabilizado pelo alto custo dos insumos e pela utilizagao

equipamentos sofisticados e de dificil acesso.

Visando maior precisdo no diagnostico, diferentes métodos, como coloragao vital,
deteccao baseada em luz, andlise histolégica e citolégica e por técnica de imagem vem
sendo empregados na rotina clinica. A coloragéo vital tem sido usada principalmente
associada a biépsia incisional auxiliando na identificacao das areas mais adequadas para

a remocgao do tecido a ser avaliado. Azul de toluidina, acido acético 5% e azul de metileno
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sdo os pigmentos mais comuns. A maioria deles apresenta boa sensibilidade, mas com
baixa especificidade (EPSTEIN; SCULLY; SPINELLI, 1992).

Na detecgédo baseada em luz, podemos mencionar o VELscope® que é um dispositivo
para visualizagdo direta de alteracbes do tecido da cavidade oral através de
fluorescéncia. Apesar de seu método simples, apresenta alto custo e nao foi capaz de
distinguir lesdo oral benigna, displasia ou CEC, apresentando grande numero de testes
falso-positivos (COSCI et al., 2016; KOCH; KAEMMERER; et al., 2011; MORO et al.,
2010).

A citologia esfoliativa é outro método n&o invasivo que muitas vezes ndo é capaz de
diferenciar as células neoplasicas das displasicas (KOCH; KUNKEL,; et al., 2011). Outra
limitacao € o fato de que locais diferentes, da mesma lesdo, podem apresentar diferentes

graus de transformag&o maligna, nos induzindo a um diagnéstico erréneo.

Assim como a citologia esfoliativa, a bidpsia incisional pode ser realizada em local
errbneo e comprometer a avaliagdo do quadro (CHEN et al, 2016). Bidpsias
multirregionais e seriadas no intuito de acessar o tumor em sua totalidade n&o s&o

recomendadas devido ao custo e aos riscos inerentes ao procedimento cirurgico.

Os exames de imagem ajudam a elucidar a extensdo das lesdes e sua invasividade. O
progndstico e a eleigédo terapéutica sao feitos a partir dessas informagdes. A técnica de
medicina nuclear, mais precisamente a tomografia por emissdo de poésitrons (PET),
mostra-se eficaz na identificagdo de doengas residuais apos o tratamento. Uma segunda
avaliagdo PET melhorou a sobrevida livre de doenga dos pacientes (LIAO et al., 2012)
no entanto, esse tipo de avaliacdo esta distante de grande parte da populagao

principalmente pelo alto custo.

Nos ultimos anos, as taxas de sobrevida alteraram pouco apesar dos esfor¢cos na
evolugao das terapias oncoldgicas e das técnicas cirurgicas. A morbidade relacionada a
terapia diminui significativamente a qualidade de vida dos pacientes, estando também
diretamente relacionadas ao estagio em que a doenga € diagnosticada. Um melhor
desfecho depende, entre outros fatores, do diagndstico precoce e da boa vigilancia, visto

que esse tipo de cancer apresenta alta recorréncia loco-regional. No entanto, as técnicas



23

tradicionais de rastreamento ainda ndo conseguem, sozinhas, alcangar a detecgao
precoce (CARRERAS-TORRAS; GAY-ESCODA, 2015; RHODUS; KERR; PATEL,
2014).

1.3 BIOPSIA LIQUIDA

A bidpsia convencional continua sendo o método padrdo ouro para o diagnostico e
categorizagado do cancer, entretanto, sendo uma técnica invasiva e onerosa, como todo
procedimento cirurgico apresenta risco de complicagbes e limitagbes de indicagao

relacionadas principalmente ao estado de saude do paciente.

Todas as técnicas descritas até agora partem de um exame oral convencional. Para a
aplicacdo de todas essas técnicas o paciente deve primeiro ser examinado por um
profissional treinado e uma lesao visivel deve estar presente. Nenhum desses métodos
pode ser usado para rastrear a populagao de alto risco. Para tanto, pesquisadores estao
focados na descoberta de novos métodos nao invasivos de diagndstico e avaliagdo do
desenvolvimento tumoral e da resposta terapéutica em tempo real. Nesse sentido, o
campo dos biomarcadores sanguineos surgiu como uma revolugdo em multiplas areas
do diagndstico oncoldgico e da medicina de precisdo (FORSHEW et al., 2012;
SIRAVEGNA et al., 2017; STROTMAN et al., 2016)

A identificagao de biomarcadores tumorais sistémicos € conhecida como Biopsia Liquida
e surge como uma ferramenta promissora contra a mortalidade e morbidade por
cancer (STROTMAN et al., 2016).

E estabelecido que a presenca de tumores sélidos leva a alteracdes sistémicas, embora
estudos anteriores divergem quanto aos parametros avaliados. Para detectar os
primeiros tragos de tumores sélidos (por exemplo, tumores de cavidade oral),

biomarcadores moleculares especificos foram investigados em um nivel sistémico.
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Este tipo de abordagem se mostra realmente necessario quando contemplamos a
natureza heterogénea dos tumores sélidos. Young, E. (2014) compara a abordagem
diagnéstica por bidpsias a tentativa de se caracterizar uma cidade inteira através de uma
Unica rua e enfatiza que, um desvio por milimetros em uma bidpsia pode alterar todo o
curso e prognéstico da doenga. Além disso, devemos lembrar que o ambiente tumoral €
um ambiente dinamico, que se altera, seja por pressdées no proprio grupo de células,
como por erros de replicacdo no correr do tempo. Avaliar estas alteracbes em nivel
sistémico nos daria acesso a todo este “universo” neoplasico na totalidade de sua
composicao (SIRAVEGNA et al., 2017; STROTMAN et al., 2016; YONG, 2014). A
possibilidade de avaliar as mutagdes identificaveis em amostras sanguineas no curso da
doencgal/tratamento levou a sugestdo de uma nova classificagao de estadiamento, e entado
passariamos de TNM para TNMB ( tamanho do tumor, comprometimento linfonodal,
metastase e avaliacdo sanguinea) (HUANG et al., 2018; YANG et al., 2018).

Esse tipo de avaliagao pode ser feito ndo apenas no sangue, mas em diferentes biofluidos
como urina, saliva, sémen, suor e expectoracdo (SIRAVEGNA et al., 2017) como
exemplificado na figura 02. A maioria dos artigos concentra seus esforgos no diagndstico
de precisdo e no tratamento personalizado tentando através das amostras n&o so
quantificar biomarcadores como identificar mutagbes somaticas através da categorizagao
de células ( ou fragmentos de células) tumorais circulantes (BETTEGOWDA et al., 2014;
DIEHL et al., 2008; FORSHEW et al., 2012).
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Figura 2: Biofluidos utilizados em bidpsia liquida e recentes artigos publicados acerca
dos mesmos.

As células tumorais circulantes se originam principalmente de eventos apoptéticos ou
necroticos no microambiente tumoral e configuram o processo inicial para a liberagao de
acidos nucleicos tumorais no tecido circundante. Esse fendmeno pode ser resultado do
rapido crescimento e aumento do turnover frequentemente observado nas

transformacdes e proliferagdes neoplasicas(FICI, 2019).

O isolamento da sequéncia de nucleotideos tumorais no sangue possibilitou as técnicas
de identificacdo de rearranjos somaticos, uma abordagem extremamente sensivel e
aplicavel para monitorar o status da doenca e elaborar a proposta terapéutica. A
correspondéncia entre o DNA mutante de tumores sdlidos e aqueles isolados em

amostras de plasma de pacientes é relatada em cancer de mama (BEAVER et al., 2014;
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DAWSON et al., 2013), ovario (FORSHEW et al., 2012) e pulmao (NEWMAN et al., 2014;
VAN DER DRIFT et al., 2010). Recentemente, o laboratorio inglés GRAIL, em conjunto
com o servico de saude nacional da Inglaterra (NHS England) anunciaram um grande
estudo (165.000 pacientes) de triagem para mais de 50 tipos de tumor maligno através
da analise molecular em amostras de sangue de pacientes, incluindo assintomaticos
(OFMAN et al., 2018). O posicionamento da NHS England gerou grande movimentagao
na comunidade cientifica que alerta tanto para alto indice de falsos positivos quanto para
a triagem de tumores que ndo teriam seu curso alterado pelo diagnostico precoce
(TAYLOR, 2020. No entanto, parcela dos comentarios positivos se apoiam na estagnacgao
de novas formas de diagnostico precoce em tumores altamente sensiveis a este
parametro para o seu desfecho, em destaque os tumores de ovario, pancreatico, do
esbfago, alguns canceres sanguineos e os canceres de cabega e pescogo, incluido o de
cavidade oral.

1.3.1 Bidpsia liquida no carcinoma de cavidade oral

Um estudo com 121 pacientes com céncer de cavidade oral identificou que o DNA livre
de células foi significativamente elevado em amostras de plasma de pacientes com
cancer oral quando comparado ao grupo controle. Os niveis estavam diretamente
correlacionados com tamanho do tumor, metastase em linfonodo cervical, estadiamento
avangado e pior prognéstico (LIN et al., 2018). Escores mais altos de miRNA foram
encontrados em amostras de soro de pacientes com cancer de cabecga e pescogo quando
comparados ao grupo controle (BELLAIRS; HASINA; AGRAWAL, 2017). A avaliagao foi
feita por reacdo em cadeia da polimerase quantitativa em tempo real (QPCR) e mostrou
que a expressao foi reduzida logo apds a intervengéo cirurgica nos casos com bom
prognéstico. Grande parte dos estudos que relataram resultados positivos nessa frente
empregaram técnicas complexas, dispendiosas e destrutivas de amostras, como

Enzyme Linked Immunosorbent Assay e Real Time Polymerase Chain
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Reaction (SCHIRMER et al., 2018; SCHMIDT et al., 2016), o que dificulta a transi¢ao da
pesquisa para a abordagem clinica. Quando a hipétese foi avaliada por uma técnica mais
simples, como o uso de um nanodrop, ndo foram encontradas diferengas entre o grupo

com cancer oral e o grupo controle(SHUKLA et al., 2013).

1.3.2 A saliva como amostra biolégica

A saliva € um fluido fisioldgico elaborado a partir da secregéo de glandulas salivares. Nela
localizamos proteinas produzidas localmente, bem como outras moléculas de circulagao
sistémica. Apesar 94 a 99% da saliva ser composta por agua nela encontramos
glicoproteinas, lipideos, carboidratos e sais. Seus componentes ndo sao provenientes
exclusivamente de secregbes das glandulas salivares, incluindo bactérias e seus
subprodutos, o fluido crevicular, células esfoliadas e leucdcitos. Algumas doengas
sistémicas como Alzheimer e diabetes podem alterar a quantidade e a qualidade da saliva
secretada. Estima-se que em condi¢gdes normais o homem produza entre 0.5 a 1litro de

saliva ao dia, a maior parte (80%) durante a ingestao de alimentos.

A funcao primordial da saliva é proteger o ambiente bucal, lubrificando e “limpando” as
superficies das mucosas e dentes protegendo-os assim de agressdes fisicas, quimicas
ou bioldgicas. Ela também atua no processo inicial de digestdo dos alimentos através de
enzimas especificas e auxiliando na formacao de um bolo alimentar coeso e revestido
por mucina, que facilita a degluticdo. Sua atuagado na percepgao do paladar se da pela
dissolucao dos alimentos sélidos possibilitando assim que os mesmos entrem em contato

com os receptores gustativos em diferentes regides da lingua (DAWES et al., 2015).

A saliva possui proteinas da imunidade inata (lectoferrina e lisozima) e imunoglobulinas
conferindo a ela propriedades antibacterianas, antifungicas e antivirais. Ela também
auxilia no processo de cicatrizacao tecidual e apresenta em sua composicao fatores de

crescimento como EGF e VEGF.
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Os testes salivares sdo utilizados na detec¢ao do risco de carie na clinica odontolégica a
longa data, e sua utilizagado no diagnoéstico de doengas sistémicas a citar hepatite C e
Aids vem se popularizando (MARKOPOULQOS; MICHAILIDOU; TZIMAGIORGIS, 2010).

Sua coleta se mostra indolor, ndo invasiva e de técnica simples. Na coleta em pacientes
oncoldgicos onde lidamos com xerostomia a técnica de coleta através de esponjas
depositadas em “pogas” de saliva na cavidade oral se mostrou satisfatéria (MATTHEWS
et al., 2013). A saliva se mostrou um substrato vidvel para realizagdo de analises
genéticas por PCR mesmo quando armazenada em condi¢cdes consideradas n&o ideais
(NG et al., 2004).

O uso de biomarcadores salivares no diagndstico, progndstico e monitoramento
terapéutico oncoloégico vem ganhando destaque. Moléculas como, DNAs, RNAs,
proteinas e metabdlitos, presentes no sangue, podem também estar presente na saliva
(BROZOSKI; SANTOS, 2017; CHOJNOWSKA et al., 2018; WANG et al., 2015; ZHONG
et al., 2016).

Na saliva identificamos mais de 2.000 proteinas e peptideos que estdo envolvidos
inumeras diferentes fungdes bioldgicas. A avaliagdo de proteinas salivares através de
spectroscopia por Raman se mostrou um método promissor para o diagndstico nao
invasivo de cancer de mama (ZHONG et al., 2016) e cancer de cabega e pescogo (HOLE
et al., 2021). Apesar de sua estabilidade e facilidade de coleta, testes empregando saliva
como amostra biolégica ganharam destaque apenas nos ultimos anos, com o avango das

técnicas de analise molecular.

1.4 ESPECTROSCOPIA ATR-FTIR

Muitas técnicas diferentes foram exploradas para se estabelecer um método de deteccéo
precoce € ndo invasiva de cancer. Métodos baseados em refletancia, fluorescéncia, e

espectroscopia parecem ser muito promissores (CARVALHO, L. F. C. S. et al., 2019; DE
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CARVALHO, L. F. C. S.; SAITO NOGUEIRA, 2018; RODRIGUES et al., 2018; SAITO
NOGUEIRA et al., 2016, 2021) . Nesse contexto, a espectroscopia de infravermelho com
transformada de Fourier de reflexdo total atenuada (ATR-FTIR) surge como uma opgao
de método ndo invasivo e nao destrutivo para caracterizagdo quimica e estrutural de
fluidos corporais com preparagdao minima de amostra. Este método nao requer agentes
de contraste e combina a vantagem de tecnologias livres, baseadas em luz e técnicas
convencionais de preparo para fluidos corporais. Essa técnica pode ser empregada em
guase todos os tipos de amostras biolégicas dés de tecidos a fluidos corporais, incluindo
saliva, soro, plasma e urina (ELKINS, 2011; LEAL et al., 2018; MOVASAGHI|; REHMAN;
REHMAN, 2008; OLLESCH et al., 2013; SALA et al., 2020).

A Espectroscopia do Infravermelho por Transformada de Fourier (FTIR) € uma técnica
analitica usada para uma caracterizagao espectral de uma ampla gama de amostras.
Ela é capaz de acessar a composi¢cdo molecular de amostras sem a destruicido das
mesmas. Uma vez em contato com a amostra, a luz infravermelha é absorvida em
frequéncias especificas diretamente relacionadas as energias vibracionais de ligagao dos
grupos funcionais presentes na molécula. Diferentes ligagdes em uma molécula vibram
em diferentes energias e, portanto, absorvem diferentes comprimentos de onda da
radiacdo infra vermelha. Nesta técnica temos a utilizagdo de um espelho fixo e um
espelho movel que rebatem o feixe de radiagdo inicial que converge em um feixe final
“‘variavel”, conforme figura 3. Desta forma temos a tomada do resultado de diferentes
comprimentos de onda em uma leitura unica . A posi¢ao (frequéncia) e intensidade
dessas faixas de absorgdo contribuem para o espectro geral, criando uma impressao
digital caracteristica da molécula.

A espectroscopia FTIR tradicional envolve a transmissao direta do feixe infravermelho
através da amostra. Ja na técnica de Reflexdo Total Atenuada (ATR) a energia da luz
passa através de um aparato opticamente transparente e com indice de refragao superior
ao meio circundante. Ele funciona entdo como um guia refletindo internamente a energia
da luz e produzindo uma onda evanescente que entrara em contato com a amostra. A
amostra entdo absorve parte da energia de acordo com sua composicdo molecular.

Essas absorgbes atenuam o feixe de infravermelho de uma forma detectavel. O feixe de
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energia atenuada atinge o detector que fica na extremidade oposta do cristal. A leitura
entao é feita por um software e apresentado no formato de comprimento de ondas. Temos

entdo a impressao digital da nossa amostra.

‘ Fonte IV

HlV |eisu)

XA
ensowy

Espelho fixo

Detector

Espelho mével

Figura 3: Descricdo da técnica ATR-FTIR. A radiagéo IV entra no interferdmetro e se dirige para
um rebatedor que o divide o feixe e direciona parte para um espelho movel e parte para um
espelho fixo, os feixes agora divididos retornam ao rebatedor e sdo direcionados ao cristal
atenuante de refleccdo onde a amostra esta disposta para que ocorra a aquisi¢ao dos espectros.

A relagao entre os modos vibracionais e a composi¢édo molecular de amostras biologicas

ja foi descrito anteriormente e pode ser visto, no nosso intervalo estudado, na tabela a

seguir ( tabela 02):
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Tabela 2: Relag&o entre modos vibracionais e composigdo molecular

Bands Formation Group
836 Left-handed helix DNA DNA
928 Left-handed helix DNA DNA
991 C-0, ribose, C-C DNA
1044 Symmetric PO* in RNA and DNA Phosphate
1077 Symmetric PO? stretching Phosphate
1120 C-O stretching mode
1243 Asymmetric PO? Phosphate
1400 Symmetric stretch of proteins Protein
1475 CH2 bending chains in lipids Lipids
1513 CH in-plane bend
1543 Amide 11 Protein
1606 Adenine vibration in DNA DNA
1633 Amide I region Protein

C=0, C=N, N-H of adenine, thymine,
1653 DNA
guanine, cytosine

O recente enfoque na aplicacdo da espectroscopia vibracional por meio da analise de

tecidos e fluidos corporais representa um passo na dire¢do da aplicacao clinica dessa
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ferramenta, que pode participar de diferentes etapas do processo diagndstico como

representado na figura 04.

Atencao Primaria Atencgao Secundaria
Decisdo clinica quanto a Avaliagao clinica e/ou
encaminhar para a atengao encaminhamento direto
secundaria ou avaliar na para diagnéstico por

ateng@o primaria imagem

&

evitar muiltiplas
visitas ao medico
de familia antes de
ser encaminhado a

._>.ré

Ajudaria no correto
encaminhamento a
imaginologia dos
pacientes com

Paciente . a S
. . L atencao diagnéstico . .
Paciente sintomatico, secundéria impreciso Imagllnologla
geralmente com ) Diagnéstico por
apresentagao clinica nao O imagem com CT, MRI
especifica Exame de sangue de ou Ultrasson

dependendo do sitio

baixo custo P X
suspeito de neoplasia

poderia fornecer
informacdes
moleculares do tumor
anteriormente as
intervengdes cirdrgicas

D J8

Patologla
Inspec¢ao microscopica da
arquitetura do tecido, coloragao e

Cirurgia / Biopsia
Resseccao de tecido
normalmente por cirurgia ou

Imunohistoquimica bidpsia

Figura 4: Fluxograma de atendimento ao paciente oncoldgico. Apresenta o caminho do paciente
a partir de sua entrada no sistema de atencdo primario até a finalizagdo do diagndstico
sinalizando os pontos de possivel aplicagdo do exame de sangue de baixo custo como facilitador
do processo.

Neoplasias de cérebro, pulmao e ovario ja foram estudadas com sucesso pela técnica
FTIR. Investigacdo com amostras de urina utilizando modelo de analise semelhante ao
empregado em nosso trabalho foi capaz de alcancar sensibilidade de 83% e
especificidade de 60% em discriminar amostras de pacientes diagnosticados com cancer
de prostata. Uma tentativa de diagnosticar casos de carcinoma in sito de mama alcangou

especificidade e sensibilidade superiores a 95%. Esforgos em discriminar neoplasias do
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trato urinario de doencas inflamatérias em um primeiro momento nao obtiveram sucesso
oscilando em taxas aceitaveis ou nao de sensibilidade e especificidade de acordo com a
analise de dados empregada. A tentativa de transladar para a pratica clinica até o
momento foi dada na triagem de tumores cerebrais. Esforgcos que remontam de 2014
partem de um estudo piloto com 97 pacientes até um estudo de coorte de 433 pacientes
em 2016, atingindo 92,8% de sensibilidade e 91,5% de especificidade. Além da
resisténcia por parte da comunidade médica em lidar com novos métodos de diagndstico
o maior desafio quando falamos de aplicabilidade clinica é a dificuldade em padronizar a
técnica. Neste interim quatro pontos do design do estudo, representado na figura 5, se
destacam: A coleta da amostra, o armazenamento da amostra, a deposi¢do e secagem

da amostra e a padronizagao dos algoritmos para analise dos dados formados.

-800C

]

l m™ iy
_Centrifugacéo ,
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Figura 5: Representagdo esquematica passo a passo do estudo. O esquema demonstra a
complexidade do processo que inclui fase pré experimental com a aquisi¢ao e estocagem das
amostras, fase analitica de deposicdo e secagem da amostra no aparelho e fase de analise dos
espectros e dados obtidos para posterior tomada de decisdo clinica.
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Apesar dos recentes avancos é indiscutivel a necessidade de estudos mais robustos e
com uma amostragem consistente. E neste esforco que conduzimos este estudo
preliminar com amostras de sangue e saliva de pacientes diagnosticados com Carcinoma

Epidemadide de Cavidade Oral no municipio de Vitéria.

2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar ATR-FTIR como ferramenta diagndstica no rastreio de Carcinoma Epidermdide

de Cavidade Oral utilizando amostras de sangue e saliva.

2.2 OBJETIVOS ESPECIFICOS

e Caracterizar o perfil clinico-patolégico da populagao estudada;

e Discriminar entre grupo cancer e ndo cancer por avaliacdo das amostras
bioldgicas por ATR-FTIR;

¢ Identificagao dos grupos funcionais envolvidos na diferenciagdo entre os grupos;

e Avaliar o poder de diferenciacdo da técnica em diferentes estadiamentos;

e Avaliar a aplicabilidade da técnica em diferentes naturezas amostrais (sangue e

saliva).
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3 MATERIAL E METODOS

3.1 INFORMACOES DO PACIENTE E AMOSTRAS CLINICAS

Para responder aos objetivos foi realizado um estudo observacional analitico transversal
incluindo pacientes com cancer atendidos no ambulatério de Cabega e Pescogo da
HUCAM e pelos pacientes encaminhados ao Nucleo de Diagndstico Bucal - NDB/UFES,
com lesbes suspeitas de malignidade e lesdes com potencial de malignizacdo da
cavidade oral. Baseado na rotina de atendimento do servico acompanhamos 40
pacientes com cancer e 25 com lesdes suspeitas de malignidade ou lesées com potencial

de malignizagéo.

Foram incluidos neste estudo individuos com o diagndstico histopatolégico de CEC ou
que apresentaram lesdes com caracteristicas clinicas de leucoplasias, eritroplasias,
eritroleucoplasias ou queilites actinias, de ambos os géneros, grupos étnicos e que
tinham idade maior ou igual a 18 anos. Foram excluidos os casos de CEC redicivante,
ou que ja foram submetidos & terapia antineoplasica, individuos que apresentaram
condi¢gdes sistémicas debilitantes ou incapacidade intelectual para responder os
questionarios aplicados e, assim limitantes de sua participagdo no estudo. Foram
excluidos também pacientes submetidos recentemente a procedimentos odontolégicos

como exodontias, raspagens ou cirurgia de qualquer natureza.

Foram obtidos os dados clinico-patolégicos como tempo de evolugdo, sinais e sintomas
no momento do diagnostico, estadiamento do tumor segundo a classificagao TNM (Unido
Internacional contra o Céancer - UICC), localizagdo do tumor, classificagédo do grau
histologico tumoral conforme SBR (Scarff-Bloom-Richardson), histéria do consumo de

alcool e tabaco, além das variaveis, género, idade (somente maiores de 18 anos) e etnia.
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3.1.1 Aquisi¢cao das amostras

As amostras de tecido fresco (tumor e linfonodo), para este estudo, foram obtidas de
pacientes com CEC submetidos a cirurgia nos Hospitais HUCAM. Apds a excisédo, os
tecidos foram imediatamente imersos em solugdes de RNA Ladder e armazenados a 4 °

C durante 24 horas e em seguida a temperatura de -80 ° C até a sua utilizagao.

As amostras de leucoplasias, eritroplasias, eritroleucoplasias ou queilites actinicas foram
obtidas durante exame de bidpsia incisional. As lesbées foram fotografadas e mensuradas
por régua calibrada. Previamente ao procedimento cirurgico a regiao foi corada por azul

de toluidina com a remoc¢ao de tecido sendo feita na regido mais corada.

As amostras de sangue (10 ml) e saliva foram coletadas no hospital e no ambulatério
supracitados. A amostra de sangue foi processada separando-se plasma, soro, sangue
total, hemacias, plaquetas e leucdcitos, e posteriormente acondicionas por 24 horas a 4
° C e em seguida a -80 ° C até seu uso. Para estocagem da amostrada de saliva, o rolete
de algodao encharcado foi centrifugado e a saliva depositada no fundo do eppendorf foi
pipetada e armazenada a -80 ° C.

O teste de Qualidade de vida utilizado foi o EORTC QLQ-C30 Quality of Life Index. Se
trata de um teste multidimensional, composto por 30 questées que avaliam o paciente
nas semanas que precedem a entrevista. O questionario aborda questdes gerais sobre
como sintomas, comprometimento psicolégico, interacdo social, auto-observacao

corporal, saude global e qualidade de vida.

3.2 ESPECTROSCOPIA FT-IR

A instrumentagdo ATR-FTIR compreende um espectrémetro de portatil FTIR (Cary 630
FTIR Spectrometer, Agilent, Santa Clara, Califérnia, Estados Unidos) equipado com um

cristal ZnSe . Os espectros foram registrados na faixa de numero de onda de 650 a 4000
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cm -1 com resolucédo de 4 cm -1. Para cada medigéo, 4 pl de plasma foram colocados
diretamente sobre o cristal. Para secar a amostra ao ar, o tempo médio de espera antes
de iniciar a primeira medi¢ao de FTIR foi de seis minutos. A analise foi realizada com 32
varreduras de espectro e 32 varreduras de fundo. Coletamos 3 espectros por amostra e
geramos um total de 102 espectros (51 para o grupo CT e 51 para o grupo CA). Apds
cada analise, a amostra foi retirada do cristal com papel absorvente e o cristal foi limpo
com agua milliQ e alcool 70% para remocgéao total, evitando-se contaminagao entre as

amostras.

3.3 PRE-PROCESSAMENTO DE DADOS

Os dados experimentais foram importados no software MATLAB, ambiente 2018b
utilizando rotinas caseiras. Em primeiro lugar, os espectros de FTIR brutos das amostras
de plasma foram corrigidos de fundo e normalizados para o vetor. Em seguida, os
espectros de FTIR foram suavizados usando um filtro Savitsky-Golay ( 22 ordem
polinomial usando 13 pontos) a fim de remover o ruido de alta frequéncia, mantendo os
picos de absorgao infravermelho. Em seguida, os dados de FTIR foram divididos em
regido espectral de impressao digital (650-1800 cm -1) e regido de alto numero de onda
(2800-3100 cm -1). A “regiao silenciosa” (1800-2800 cm -1) e os numeros de onda acima
de 3100 cm -1 (dominada pelo sinal de agua residual) foram removidos da analise. As

regides espectrais analisadas foram vetorizadas normalizadas separadamente.

3.4 ANALISE MULTIVARIADA
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Ap0s o pré-processamento e divisdo dos dados FTIR em impresséao digital e regides de
alto numero de onda, eles foram centrados na média e processados usando a Analise de
Componentes Principais (PCA). PCA é uma transformagéo ortogonal do conjunto de
dados original em um novo sistema de base ortogonal composto por variaveis com maior
variancia explicada no conjunto de dados. Essas variaveis (componentes principais ou
PCs) sao linearmente independentes e ordenadas da maior para a menor variancia
explicada. Neste estudo, consideramos os dois primeiros PCs com a maior variancia
explicada para a classificagdo dos grupos CT e CA, uma vez que esses PCs

representaram mais de 95% da variancia total do conjunto de dados.

O peso (carregamento) de cada variavel original (numero de onda) na composigdo de um
PC determina o quanto o PC ¢ influenciado por aquela variavel. A combinacao de pesos
(carregamentos de PC) indica as regides espectrais que influenciam a maior parte da
variancia do conjunto de dados . Os novos valores de cada espectro de FTIR nas
coordenadas do PC sado chamados de escores do PC, que foram usados para avaliar a

diferenciagéo entre os grupos CT e CA.
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4 RESULTADOS E DISCUSSAO

A presente secdo sera apresentada em formato de dois artigos.

1) ANEW APPROACH FOR THE CLINICAL DIAGNOSIS OF ORAL CANCER USING
MULTIVARIATE DATA ANALYSIS TOOLS COMBINED WITH FTIR
SPECTROSCOPY” submetido e aguardando apreciacao

2) “LASER THERAPY AS A PREVENTIVE APPROACH FOR ORAL MUCOSITIS IN
CANCER PATIENTS UNDERGOING CHEMOTHERAPY: THE POTENTIAL ROLE

OF SUPEROXIDE DISMUTASE” publicado (DOI:10.31557/APJCP.2021.22.10.3211).
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Abstract:

Introduction: Oral cancer is usually diagnosed through invasive methods, for although
systemic changes can be easily detected, the identification of an effective systemic
biomarker using a simple and affordable approach has yet to take place. Attenuated total

reflection Fourier transform infrared (ATR-FTIR) appears as an alternative for the
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chemical and structural characterization of organic and inorganic materials, including
liquid samples as serum and plasma. Objective: The aim of this study was to evaluate if
ATR-FTIR spectroscopy can be applied as a tool in oral cancer screening through the
analysis of plasma samples. Methodology: For this, we analyzed 74 plasma samples (37
controls and 37 oral cancer patients). Samples were analyzed for their nature using small
amount of plasma in triplicate readings. Experimental data were fed into the MATLAB
2018b software and them analysed through two diferent rotines in order to identify points
of differentiations between the groups. Results: Biochemical analysis of the plasma
samples through ATR-FTIR yielded 92% sensitivity and 100% specificity in differentiating
between groups. The biggest difference was found between peaks that might be related
to nucleic acids and nucleic acid phosphate. Conclusion: We conclude that ATR-FTIR
successfully discriminated between oral cancer patients and healthy subjects using

plasma samples, with nucleic acids being found as major biomarkers.

Keywords: Cancer Screening, ATR-FTIR, Cell-Free Nucleic Acids, Molecular Diagnostic

Techniques, Blood Chemical Analysis

1. INTRODUCTION

Oral cancer is one of the most prevalent forms of neoplasia worldwide. It is the 11th most
common type of cancer in men, with a 2.6% incidence rate. According to the International
Agency for Research on Cancer (IARC), 377. 713 new cases are expected (GLOBOCAN,
2020). For Brazilian men, the incidence rate is around 5% (INCA, 2020). The most
common type of oral tumor is the squamous cell carcinoma (OSCC) (RHODUS; KERR,;
PATEL, 2014) which has a poor 5-year overall survival in approximately 50% of diagnosed
patients, despite the advances reached in cancer care (BELAIRS; HASINA; AGRAWAL,

2017). Modern diagnosis employs specialized clinical examination, image exams, and
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histological and molecular evaluations of the biopsied tissue (CARRERAS-TORRAS;
GAY-ESCODA, 2015; CHEN et al 2016; SCHIRMER et al, 2018). Many etiological risk
factors can be related to oral cancer, with tobacco exposure, sustained alcohol abuse,
and oncogenic human papilloma virus infection being the most well stablished ones
(KUMAR et al, 2016; ZANG et al, 2015). In spite of the effort towards better oncologic
treatment and surgery techniques, survival rates have been poorly improved. Morbidities
related to the therapy significantly decrease the patients’ quality of life, being also directly
related to the stage in which the disease is diagnosed (BELAIRS; HASINA; AGRAWAL,
2017). A better outcome depends, among other factors, on early diagnosis and good
surveillance, as this type of cancer has high locoregional recurrence (SALA, 2020).
However, traditional screening techniques fail to achieve early detection on their own
(CARRERAS-TORRAS; GAY-ESCODA, 2015).

Although conventional biopsy remains the gold standard method for cancer diagnosis and
categorization, it is an invasive, costly technique (CHEN et al 2016). Besides, much like
all surgery procedures, it carries a risk of complications and has contraindications related
to the patients’ health status (BELAIRS; HASINA; AGRAWAL, 2017). Since multiple or
even serial biopsies are not a feasible option to accurately evaluate tumor progression,
staging, or therapy response, an effort to identify a less invasive method to monitor the
status of the disease is necessary. The identification of systemic tumor biomarkers
emerges as a promising tool against cancer mortality and comorbidity (NONAKA; WONG,
2018). It has already been established that the presence of solid tumors leads to systemic
alterations, even though previous studies differ regarding the parameters assessed. To
detect the first traces of solid tumors (e.g., oral tumors), specific molecular biomarkers
have been investigated at a systemic level (LOUSADA-FERNANDES et al, 2018;
SIRAVEGNA et al, 2017; STROTMAN et al, 2016). One type of study line focuses on the
categorization of circulating tumor cells (CTC). CTC originate mainly from apoptotic or
necrotic events at the tumor microenvironment and can be the starting process for the
release of tumor nucleic acids — for instance, DNA — in the surrounding tissue (BABJI et
al, 2019; BELAIRS; HASINA; AGRAWAL, 2017; DIEHL et al, 2008). This phenomenon
can be the result of the rapid growth and increased turnover often observed in neoplastic

transformations and proliferation. Nevertheless, almost all studies that reported positive
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results on that front employed complex, dispendious, and sample destructive techniques,
such as Enzyme Linked Immunosorbent Assay and Real Time Polymerase Chain
Reaction(BEAVER et al, 2014; BETTEGOUWDA et al, 2014), what hinders the transition

from research to a clinical approach.

Many different techniques have been explored to improve the noninvasive, early detection
of cancer. Methods based on reflectance, fluorescence, fluorescence lifetime, and Raman
scattering using label free imaging and spectroscopy appear to be very promising
(CARVALHO et al, 2019; COSCI et al, 2016; NOGUEIRA et al, 2016). In this context,
attenuated total reflection Fourier transform infrared (ATR- FTIR) spectroscopy arises as
an option of a noninvasive, nondestructive method for chemical and structural
characterization of body fluids with minimal sample preparation (LEAL et al, 2018;
OLLESCH et al, 2013; TAKAMURA et al, 2018). This method requires no contrast agents
and combines the advantage of label free, light based technologies and conventional body
fluid techniques, detecting diseases through systemic alterations. This technique can be
employed using almost all types of body fluid, including saliva, serum, plasma, and urine.
The recent focus on vibrational spectroscopy application through the analysis of tissues

and body fluids represents a step towards the clinical application of this diagnostic tool®.

Thus, the aim of this study was to conduct a plasma evaluation using ATR-FTIR

spectroscopy to discriminate between OSCC and healthy patients.

2. MATERIALS AND METHODS

2.1. PATIENT INFORMATION AND CLINICAL SAMPLES

This study was approved by the Institutional Ethics Committee for human subjects
(CAAE:62653116.0.0000.5060 CCS/UFES) and performed at the ambulatory of the

Cassiano Antonio Moraes University Hospital (HUCAM). It was carried out according to
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the Code of Ethics of the World Medical Association. All patients signed an informed
consent form before taking part in the study. Samples were collected during the outpatient
care, always in the morning (7:00 am to 10:00 pm). Blood samples were collected and
centrifuged at 1000 g for 15 min at 4 °C. Plasma was stored at -80 °C until the
measurements were performed. The cancer group (CA group) consisted of 37 OSCC
patients with diagnoses confirmed by histopathological analysis, whereas the control

group (CT group) included 37 healthy subjects free of any oncologic notification.

Inclusion criteria were: patients of both genders, aged over 18 years, with untreated oral
cancer, with or without use of tobacco and alcohol. Exclusion criteria were: patients
diagnosed with any cancer or under any malignant disease treatment, and the presence
of comorbidities such as severe cardiac, renal, and intellectual dysfunction. Clinical data
(gender and age) were obtained from medical records. The mean age was similar in both
groups (CA =57.96 + 9.49 and, CT = 52.67 + 10.37). The male gender corresponded to
73.53% of the sample as a whole, comprising 88% of cancer patients and 59% of control

individuals.

2.2. FTIR SPECTROSCOPY

The ATR-FTIR instrumentation comprises an FTIR benchtop spectrometer (Cary 630
FTIR Spectrometer, Agilent) equipped with diamond crystal. Spectra were recorded in the
wavenumber range of 650 to 4000 cm-1, with 4 cm-1 resolution. Measurements were
taken for each sample in triplicate. For every measurement, 4 pL of plasma was placed
directly over the crystal. To allow the sample to air dry, we waited in average six minutes
before taking the first FTIR measurement. Analysis was performed with 32 spectra and
32 background scans. After each analysis, the sample was removed from the crystal with
absorbent paper and the crystal cleaned with Milli-Q™ water and 70% ethanol for total

removal, thus avoiding contamination between samples.
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2.3. DATA PRE-PROCESSING

Experimental data were fed into the MATLAB 2018b software using homemade routines.
First, raw FTIR spectra of the plasma samples were background corrected and vector
normalized. FTIR spectra were then smoothed using a Savitsky-Golay filter (2nd
polynomial order using 11 points) to remove high frequency noise, while keeping the
infrared absorption peaks. FTIR data were selected in the fingerprint spectral region (900-
1700 cm-1), which has the best signal for biological compounds. The spectral regions

analyzed were vector normalized separately.

2.4. MULTIVARIATE ANALYSIS

2.4.1. Exploratory analysis

After being preprocessed and selected into fingerprint region, FTIR data were mean
centered and processed using Principal Component Analysis (PCA). PCA is an
orthogonal transformation from the original dataset into a new orthogonal basis system
composed by variables with higher explained variance on the dataset. These variables
(principal components or PCs) are linearly independent and ordered from the highest to
the lowest explained variance. In this study, we considered the first two PCs with highest
explained variance for classification of the CT and CA groups, as these PCs represented

more than 95% of the total variance of the dataset.

The weight (loading) of each original variable (wavenumber) on the composition of a PC
determines how much it is influenced by that variable. The combination of weights (PC

loadings) indicates the spectral regions influencing most of the dataset variance. The new
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values of each FTIR spectrum on the PC coordinates are called PC scores, which were

used to assess the differentiation between the CT and CA groups.

2.4.2. Classification Analysis

Supervised analysis was used to classify samples into CT and CA groups. Discriminant
Analysis (DA) was applied to PCA and Partial Least Squares (PLS) scores obtained from
second derivative of the FTIR spectra in the fingerprint region. Cross validation was
conducted by leave one patient out method for PCA-DA and PLS-DA. External validation
was performed by using the Kennard-Stone method with 80% of spectra in the calibration

set and 20% for the blind test set with five PLS latent variables.

3. RESULTS

3.1. CHEMOMETRY AND FTIR ANALYSIS

3.1.1. Mean spectra and second derivative analysis

Mean spectra from the fingerprint region and the second derivative are shown in figures
1 and 2. Blue lines represent the mean of the control group and red lines the mean of the
cancer group. There was little difference between groups, in spite of a slightly greater

absorbance in the control group.

3.1.2. Principal Component Analysis (PCA) of the Fingerprint Region
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While FTIR spectra provide the vibrational modes of each group separately, principal
component loadings extracted from PCA provide information about the FTIR peaks
responsible for the variance on the dataset containing the control (CT) and cancer (CA)
groups. Figure 3 shows the PCA performed with the second derivative of the FTIR spectra
(PC2) from the 900-1700 cm-1 region, and figure 4 the loading plot for PC2.

In the scatter plot of figure 3, PC1 values above and below zero can be used to
differentiate the CT and CA groups. By using the differentiation provided by PC2 (27.83%

of explained variance), 91.1% sensitivity and 87.4% specificity were obtained.

The loading plot for PC2 shown in figure 4 suggests that the fingerprint spectral peaks
responsible for oral cancer identification can be attributed to nucleic acids and nucleic acid
phosphate groups (1027, 1224, 1383, 1462, 1487, 1495, 1511, 1526, 1582, 1590 cm-1),
as well as to proteins (1355, 1420, 1450, 1467, 1480, 1517, 1545, 1630 cm-1).

By using the loadings of the PC component with the second biggest variance (PC2), we
listed the vibrational modes that only appeared in the PC loadings in addition to the peaks
previously observed in the ATR spectra. These vibrational modes and associated

compounds are shown in table 1.

3.1.3. PLS-DA

PLS-DA was applied to the second derivative of the FTIR spectra in the fingerprint regions.
It revealed 99% sensibility, 98% specificity, and an AUC with 99% accuracy in
differentiating between CA and CT. The most important peaks according to this analysis
were similar to those of the PCA Loading Plot, that is, nucleic acids and nucleic acid
phosphate groups (1383, 1462, 1495, 1511, 1526, 1590 cm-1) for the CA group, and
proteins (1420, 1480, 1545, 1630 cm-1) for the CT group.

For external validation, we conducted a blind validation with the 20% of the samples that
had been separated, having obtained 84.4% sensitivity and 91% specificity, with an

accuracy of 82%, as can be seen in figure 5.



48

4. DISCUSSION

The use of body fluid samples in solid tumors diagnosis remains a challenge. In the
present study, we tested for the first time whether an approach using an optical technique
(FTIR spectroscopy) to analyze plasma samples would shed light on intrinsic mechanisms

involving oral squamous cell carcinoma.

Vibrational modes and structural components of biological samples have been previously
described (MOVASAGHI; REHMAN; REHMAN, 2008). We performed a similar analysis
to access the features of ATR spectra and observed a strong contribution of nucleic acids

to these spectra.

A recent review suggested circulating DNA as a promising biomarker in oral cancer
detection and monitoring, even though it lacks standardization and sampling (LIN et al,
2018). Considering the high turnover in tumor sites, high apoptosis and necrosis levels
are expected, with tumor DNA being released into surrounding tissues (BELAIRS;
HASINA; AGRAWAL, 2017). Unfortunately, free tumor DNA has limited applications, for
it represents only a small fraction of the total DNA found in body fluids, usually less than
1.0% of the total cell-free DNA (DIEHL et al, 2008). In our study, mean spectra from the
fingerprint region distinguished cancer and healthy samples mostly through peaks related

to nucleic acids and nucleic acid phosphate groups.

The sources of changes in the nucleic acids peak are still unclear and cannot be assigned
to tumoral DNA. It is well known that circulating DNA can originate from several sources,
including tumor sites, but its levels can also be affected by infections or inflammatory
conditions (LIN et al, 2018). Although there is not a consensus on the main source of
increased amounts of cell-free nucleic acids (cfDNA, cfRNA, and miRNA), most studies
highlight their presence as disease biomarkers in liquid biopsies (BEAVER et al, 2014;
BETTEGOUWDA et al, 2014; DAWSONS et al, 2013; LOUSADA-FERNANDES et al,
2018; MCBRIDE et al, 2010; NEWMAN et al, 2014; SCHALANGER; PANTEL, 2016;
SIRAVEGNA et al., 2017). A study that focused on the identification of somatic mutations
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showed that tumor DNA was present in 100% of saliva samples from oral cavity cancer
patients (WANG et al, 2015). Further studies addressing different body fluids would be

necessary to enrich the methodology under discussion.

Early detection of cancer is important to improve survival rates, decrease associated
comorbidities, and increase quality of life after and during cancer management. Therefore,
there is an urgent need for the validation of simple, low cost, label free, and noninvasive
techniques to that end, such as FTIR spectroscopy. The cost of supplies, trained
professionals, and laboratory equipment involved in sample preparation for FTIR
spectroscopic methods can be minimum compared to the techniques routinely employed,

what should contribute to the clinical translation of these methods.

A previous study on colorectal cancer screening revealed that infrared spectral analysis
distinguished between cancer, benign lesions, and cancer free groups with satisfactory
sensitivity and specificity (BARLEV et al, 2016). In the present study, we achieved 91.1%
sensitivity and 87.4% specificity through PC1 evaluation. Previous studies on different
types of solid tumors identified 93.3% sensitivity and 87.8% specificity using FTIR to
analyze plasma samples, corroborating our findings( BEAVER et al, 2014,
BETTEGOUWDA et al, 2014; KHANMOHAMMADI et al, 2007; LOUSADA-FERNANDES
et al, 2018; SIRAVEGNA et al., 2017; ZHONG et al, 2016). In turn, the analysis of blood
serum samples of cancer patients by Raman spectroscopy yielded 91.2% sensitivity and
96.7% specificity, indicating that a combination of both techniques should be better

explored.

When the PLS-DA supervised analysis was employed to distinguish between the CT and
CA groups, a sensitivity of 92% and a specificity of 100% were reached. The supervised
analysis method distinguished between patients in early stage from those with late stage
cancer. This finding points to this technique being potentially useful for therapeutic
response follow up. Zhong et al. (2016) stated that the amount of DNA isolated from breast
cancer plasma samples was greater than in healthy samples, with lymph node
involvement and distant metastasis samples presenting even higher levels, reaffirming
the plasmatic nucleic acid identification not only as a diagnostic method but also as a

monitoring one.
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In general, we could argue that FTIR spectroscopy provides relevant biochemical
information concerning plasma samples of oral squamous cell carcinoma patients. In this
context, FTIR emerges as a promising method for the evaluation of body fluids with almost
no sample preparation, no sample destruction, real time results, and accuracy close to
that of gold standard methods (BUTLER et al, 2019; KHANMOHAMMADI et al, 2007,
OLLESCH et al., 2013). Thus, further studies should be conducted to ensure this method
is made available to clinicians and health professionals, for it can be easily performed by
a non-specialist, allowing serial sampling at the assessment of dysplastic changes and
during the course of treatment. In the future, additional studies may be carried out to verify
whether  patients with  premalignant lesions or potential risk factors
(tobacco/alcohol/Human Papilloma Virus) have different profiles that might be identified

by FTIR. That would allow for diagnoses to be made early and at a low cost.

5. CONCLUSIONS

This study describes the application of FTIR for noninvasive oral cancer screening. The
method distinguished between cancer and noncancer samples through supervised (PLS-
DA) and non-supervised (PCA) analysis. The classification of cancerous and non-
cancerous plasma samples was performed with 92% sensitivity and 100% specificity
trough PLS-DA analysis. The fingerprint spectral peaks responsible for oral cancer
identification can be attributed to nucleic acids and nucleic acid phosphate groups. The
PSL-DA method was also successful in distinguishing between advanced and early stage
cancer samples. The combination of reproducibility, cost effectiveness, real time
diagnosis, and protocol simplicity can lead to the broad adoption of FTIR biofluid analysis

in the clinical practice.
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Figures and Legends:
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Figure 1. Mean FTIR-ATR spectra from 900-1700 cm-distinguishing the control group (blue)

from the cancer group (red)
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Figure 2. Mean of second derivative spectra of the control group (blue) fingerprint and the
cancer group (red) showing different absorbance intensity between groups. The arrows
highlight three peaks observed at 1526, 1578, and 1590 cm™ that can be related to nucleic

acid and nucleic acid phosphate.
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Figure 3. PCA scores plot of PC1 x PC2 of the fingerprint region of the control group (blue
dots) and the cancer group (red dots). PC1 values above and below zero can be used to

differentiate the CT and CA groups.
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Figure 4. Loading plot of PC2 performed with spectra from 900-1700 cm™. The fingerprint
spectral peaks responsible for distinguishing the cancer group can be identified in the negative

absorbance area of the graphic.
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Figure 05:
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Figure 5. Supervised analysis PSL-DA performed in FTIR spectra from the 900-1700 cm"’

region. Values above and below zero was used to differentiate the CT and CA groups.
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Table:

Table 1. Vibrational modes observed in the loading plot from PC2.

Bands Bands Control
Cancer group  Classification Classification
() (+) group
Symmetric
phosphodiester
1022 Nucleic acid 1349 CH2 Protein
stretching band
RNA
Deformation
1224 Phosphate Phosphate 1420 cH
Asymmetric
Stretching C-N CH3 bending
1383 cytosine, Nucleic acid 1450 of the methyl
guanine groups of
proteins
CH2
Extremely weak scissoring
1457 peaks of DNA & Nucleic acid 1467 mode of the Lipids
RNA acyl chain of
lipid
C8-H coupled
with a ring
1487 vibration of Nucleic acid 1570  Amide Il Protein
guanine
C=C,
1495 deformation C- 1545  Amide Il Protein
H
1520 C=N guanine Nucleic acid 1630  Amide | region Protein




1526 C=N guanine Nucleic acid
1578  C=N adenine Nucleic acid

C=N, NH2
1590 _ Nucleic acid
adenine

*Table 1. Negatives bands represent the CA group and positives bands represent the CT group
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Laser Therapy as a Preventive Approach for Oral Mucositis
in Cancer Patients Undergoing Chemotherapy: The Potential
Role of Superoxide Dismutase
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Bonela?, Karine Gadioli de Oliveira', Washington Luiz Gong¢alves?’, Nazare Souza
Bissoli', Carmem Luiza Sartorio'*, Sonia Alves Gouvea'*?

Abstract

Purpose: Oral mucositis is a painful condition that occurs in patients who undergo chemotherapy. Due to the
worsening of oral mucositis, the patient may progress to a worse clinical condition and interrupt antineoplastic
treatment. There is little literature on low-power laser therapy in chemotherapy for other solid tumors. The purpose
of this study was to investigate whether low-level laser therapy (LLLT) applied before chemotherapy could prevent
oral mucositis in patients with solid tumors. Methods: Laser therapy was applied at a frequency of 630nm, with a
dose of 2J / em?, for the prevention of oral mucositis induced by chemotherapy specifically for non-hematological
tumors. Epidemiological data, total neutrophils, general side effects, development of oral mucositis and degree, and the
performance of low-power laser therapy to prevent oral mucositis were collected. The involvement of oxidative stress
was evaluated by the enzyme superoxide dismutase (SOD) through blood samples, before and after chemotherapy
treatments. Results: LLLT in the proposed protocol is efficient in reducing the development of oral mucositis (only
at grade I/II) in patients under chemotherapy and able to reduce the severity of oral mucosal lesions, in patients who
developed mucositis after the use of the laser for prevention. All individuals who underwent LLLT protocol did not
show a significant reduction of SOD activity after the last chemotherapy cycle. Conclusions: The prophylactic laser
therapy protocol proposed by the study, defined at a frequency of 630nm, a dose of 2J / cm2, demonstrated the ability
to decrease the occurrence of oral mucositis in patients undergoing chemotherapy protocols to solid tumors. This effect
could be related to preserved SOD activity, as it was observed that oral mucositis is related to leukopenia and reduced
SOD activity and LLLT protocol prevented the decrease of SOD activity.

Keywords: Oral mucositis- low-power laser therapy- solid tumors- chemotherapy- oxidative stress
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Introduction

Chemotherapy is used in the therapy of control and
remission of various solid tumors, such as those of the
gastrointestinal tract, breast, and cervix. Its adverse effects
are conditioned to the administration, the dose, and may
involve hematologic, dermatologic and gastrointestinal
tract alterations. Oral mucositis (OM) is considered one
of the main side effects of chemotherapy for antineoplastic
treatment. The prevalence of OM is variable, depending
on the type of chemotherapy and individual response
(Rubenstein et al., 2004; Curra et al., 2018), Keefe (2007)
demonstrated that 5 to 15% of patients in chemotherapy
could be affected by severe mucositis (grade III and
IV). Depending on the grade, OM can lead to worsening

of life quality during treatment, e.g. due to harder
swallowing, hydric and alimentary intake, and capacity of
communication. Moreover, the detrimental effects of OM
may include also discontinuity of treatment (Parulekar et
al., 1998; Bellm et al., 2000).

Several cytotoxic agents have been related to oral
and gastrointestinal mucosal injury and some of them
are especially associated with OM, e.g. methotrexate,
fluorouracil, doxorubicin, cyclophosphamide,
dactinomycin, bleomycin, and also the combined
treatment with mitomycin, taxanes (paclitaxel and
docetaxel), vincristine, and vinorelbine. These treatments
can exacerbate toxicity in oral mucosa, leading to
inflammation and ulceration (Moran, 2000; Curra et al.,
2018).
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’Biotechnology Post-Graduation Program, Health Sciences Center, Federal University of Espirito Santo, Vitoria, ES, Brazil.
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Many therapeutic approaches have been recommended
to mitigate these adverse effects. Laser therapy has been
considered a noninvasive technique that promotes pain
relief and reduces the severity of oral mucositis in patients.
There is evidence in the literature that low-level laser
therapy in OM lesions results in a significant reduction of
its severity, and promotes an important preventive effect
on the appearance of lesions (Brugnera Jinior et al., 2003;
Vladimirov Iu et al., 2004; Lubart et al., 2005; Stokman
et al., 2006; Khouri et al., 2009).

The underlying mechanisms of photobiomodulation
are not fully understood. However, in vitro and pre-
clinical assays demonstrate that low-level laser therapy
can mitigate apoptosis and improve cellular proliferation,
migration (Nunez et al., 2012). Clinically, it may result in
three relevant effects: analgesic, anti-inflammatory, and
reparative, giving support to its therapeutic application.
However, the type of cell, laser wavelength, and energy
dose significantly influence these results (Nunez et al.,
2012).

Preventive usage of low-level laser therapy has
been indicated for OM for patients who underwent
radiotherapy in head and neck cancer (Antunes et al.,
2013; Lalla et al., 2014; Zecha et al., 2016). Short term
low-level laser therapy promotes the enhancement of
reactive oxygen species (ROS), followed by induction of
antioxidants, which counterbalance the redox equilibrium
(Eichler et al., 2007). This antioxidant response may be
a preventive response to oxidative stress, explaining
the global antioxidant effect of low-level laser therapy
(photobiomodulation) modulating the inflammatory
cascade related to the induced aggression (Nunez et al.,
2012). It has been demonstrated that antioxidant enzymes
as superoxide dismutase (SOD) and catalase, which are
inactivated in low pH and inflammation, are reactivated
by laser light (Vladimirov Iu et al., 2004).

Despite laser treatment applicability in OM in
patients with non-hematological tumors, there is a lack of
information on its potential use as a preventive approach
for adverse chemotherapy effects. In this context, the
present work evaluated the preventive potential of low-
level laser therapy (2 J/cm?) in patients with solid tumors
who underwent chemotherapy.

Materials and Methods

The current retrospective study analyzed the data
of 287 eligible patients with solid tumors. The study
was approved by the Ethical Committee of the Federal
University of Espirito Santo (CAAE: 2.186.172/2017),
being conducted in accordance with the Helsinki
Declaration. All participants signed the written informed
consent form. A total of 287 patients with solid tumors,
entre 2016 e 2018 in treatment in a reference oncology
center (Centro Capixaba de Oncologia-CECON - Vitoria,
ES, Brazil) were analyzed. The exclusion criteria were:
patients who had already been treated for head and
neck squamous cell carcinoma, or who had a recurrent
malignant disease, or who were younger than 18 years
of age. The demographic characteristics of the patients
(gender, age, tobacco and alcohol consumption, tumor
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location, and tumor stage), were obtained from their
medical records. The TNM stages of the tumors were
determined according to the American Joint Committee on
Cancer (AJCC) 7th edition staging system, using available
clinical and pathologic data on tumor invasion, lymph
nodes status, and metastasis. The body mass index (BMI)
was accessed by measuring weight and height (kg/m2)
and the systolic blood pressure (SBP) by using a validated
digital blood pressure measuring device Omron HEM-705
CP (Omron Healthcare, INC. Illinois, USA).

Treatments and laser therapy

All patients enrolled underwent chemotherapy, in
which AC-T represents the association of doxorrubicin
and paclitaxel; TC is the association between docetaxel
and cyclophosphamide; the associations of carboplatin
and cisplatin are called PLATIN and the protocols using
fluorouracil (FOLFOX, FOLFIRI, FEC) are called SFU.
The cancer patients were distributed into two groups: a
group irradiated with laser emitting light in the red region
(N =204) and a control group — non- irradiated with laser
(N =83).

The patients in the red laser group underwent a
low-level laser irradiation application right before the
starting of each cycle of chemotherapy. The DMC /
LASER THERAPY XT (100mW) (Twin Laser - MM
Optics S.A Ltda., Sao Carlos, SP, Brazil) apparatus was
used, emitting a 630-nm wavelength, set at an output
power of 30 mW, with beam area of 0.04 cm? in the focal
region. The laser dose was 2J/cm?, according Zecha
(2016). The whole oral cavity was irradiated, including lip
mucosa, soft palate, the floor of the mouth, buccal mucosa,
tongue, and vestibule. Each point in the irradiated area
was at a distance of about 1 cm from the other irradiation
points.

Biochemical Analysis
Blood samples

From all patients enrolled, 35 individuals (which
were starting chemotherapy at the beginning of the study)
had blood samples collected. A blood sample (10 mL)
was collected from each patient in two different time
points - before starting chemotherapy and in the last cycle
of chemotherapy. All samples were centrifuged (4°C,
2,000g, 15 min) and serum samples were aliquoted and
stored at -80°C for subsequent analysis. An aliquot of
blood was designed for laboratory leucocyte count.

Serum biochemical assays

Superoxide Dismutase (SOD) activity was assessed
using a kit (Invitrogen, ThermoFisher Scientific),
following the manufacturer’s instructions. SOD radicals
generated by xanthine oxidase and hypoxanthine were
detected with tetrazolium salt. One unit of SOD was
considered as the amount of enzyme that promotes a 50%
dismutation of superoxide radical. Substrate (50 uL) was
added to 10 pL of samples (diluted 5x) and standards (in
duplicates) in a 96-well plate. Xanthine oxidase (25 pL)
was added to initiate the reaction. The absorbance was read
at 450 nm after 20 min incubation at room temperature on
a shaker using a plate reader. Quantification was performed



by comparison with standard SOD concentrations, being
expressed in U/ml.

Statistical analysis

Data are reported as means£SD. Kruskal-Wallis test
was used to perform comparisons of averages between
leucocyte counting and mucositis. Mann-Whitney test
was used to compare SOD activity, oral mucositis, and
laser therapy. Qualitative variables were analyzed through
the chi-square test and Fisher’s exact test (for samples
in which n<5). Data were analyzed with the Statistical
Package for the Social Sciences (SPSS®, version 20). A
95% confidence interval and a significance level of 5%
(p< 0.05) were considered.

Results

The descriptive features of the patients were grouped
regarding age, gender, hemodynamics, body composition
and anthropometry, and blood pressure. The majority
of selected individuals were women (79.8%, N=229
vs. male 20.2%, N=58), and the mean age was 56
years (Range 29-89). The consumption of tobacco and
alcohol was observed in a few individuals of the sample.
However, the majority were non-smokers 94.4% (N =
271) and non-alcoholics 87.5% (N = 251). Regarding
comorbidities, only 31% of all patients presented
Hypertension and 16.7% Diabetes.

As a complementary evaluation general parameters as
arterial blood pressure, and body mass index (BMI) were
measured before and after chemotherapy. No alterations
were observed in these parameters at the end of the
treatment. The mean initial systolic/diastolic pressure
(123/78 mm Hg) was similar to the end of treatment
(119/76 mmHg). The initial BMI was 25.89 and the end
of 25.75.

The majority of patients enrolled presented breast
(62.2%) or gastric (25.4%) cancer. All patients underwent
chemotherapy, and the largest part was treated with AC-T
and SFU. The TMN Classification of Malignant Tumors
demonstrated that more than 50% of tumors, at diagnosis
time, were in the initial stage (I and II), independent of
their locations (Table 1).

Adverse effects during chemotherapy were evaluated
regarding the frequency of occurrence, and protocol of
treatment (Table 2). From 287 patients, 277 (96.5%)
showed at least one adverse effect during chemotherapy
cycles. Considering all patients analyzed, nausea was
the most frequent symptom (57.4%) and oral mucositis
showed a high incidence (30.6%).

No differences were observed in the manifestation of
OM when analyzed different protocols of chemotherapy
(AC-T, TC, 5FU and PLATIN; p=0,384). However,
without laser therapy 69.9% of the individuals evaluated
developed OM.

To prevention and treatment of OM low-level laser
therapy was used (frequency of 630nm —dose 2J/cm?).
The results of 204 patients analyses who underwent
preventive LLLT, demonstrated that this protocol can
reduce occurrence and gravity of OM (Table 3). Patients
who underwent laser therapy presented OM only at grade
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I and II, with the majority at grade I. However, patients
without laser therapy presented OM grade I to III, and most
frequently the grade II (Table 3). Moreover, considering
individual protocols of treatment and OM occurrence,
laser therapy showed a significant reduction difference in
the manifestation of oral mucositis as compared to patients
who did not undergo laser therapy.

To evaluate the potential causes related to this effect of
laser therapy leucocyte counting analysis was performed
in patients with or without OM (Figure 1). Leucocyte
counting is significantly lower (p<0.05) in patients
presenting oral mucositis (Figure 1a). On the other side,
laser therapy did not change leucocyte quantity in patients
presenting OM (p=0.147, Figure 1b).

Moreover, from all patients included in this study,
35 individuals underwent blood withdrawn to evaluate

Table 1. Location, Stage and Regimen of Chemotherapy
Treatment

N (%)
Solid tumors
Breast 190 (66.2)
Gastrointestinal tract 73 (25.4)
Pancreas 12 (4.1)
Uterus/ovarian 4(1.4)
Lung 2(0.6)
Prostate 2 (0.6)
Larynx 2(0.6)
Liver 1(0.3)
Vesicle 1(0.3)
Conditioning regimens
AC-T 139 (48.4)
SFU 95 (33.1)
TC 43 (15)
PLATIN 10 (3.5)
T
1 68 (26)
2 93 (35.5)
3 74 (28.2)
4 27 (10.3)
N
0 121 (48)
1 101 (40.1)
2 26 (10.3)
3 4 (1.6)
M
0 206 (82.1)
45 (17.9)
Stage of disease
Stage [ 61 (21.6)
Stage 11 99 (35.2)
Stage 111 68(24.1)
Stage IV 54 (19.1)

ACT, doxorrubicintcyclophosphamide+paclitaxel; SFU, fluorouracil;
TC, docetaxel+cyclophosphamide; PLATIN, carboplatin and cisplatin
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Table 2. Adverse Effects of Chemotherapy Protocols

Diarrhoea N (%) Nausea N (%) Vomiting N (%) Mucositis N (%)
AC-T 17 (12.2) 97 (69.7) 25 (18) 45 (32.3)
SFU 39 (41) 39 (41) 20 (21) 32 (33.6)
TC 14 (32.5) 23 (53.5) 05 (11.6) 09 (20.9)
PLATIN 02 (20) 06 (60) 01 (10) 02 (20)

(doxorrubicint+cyclophosphamide+paclitaxel), SFU (fluorouracil), TC (docetaxel+cyclophosphamide), PLATIN (carboplatin and cisplatin).
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Figure 1. Leucocyte Count and Oral Mucositis. (a) Total leucocyte count and development of oral mucositis, (b) Total
leucocyte count in patients with oral mucositis, with or without laser therapy. Mann-Whitney test; *p<0.0001. Data

are mean = SD

superoxide dismutase (SOD) activity — before the first
and after the last cycle of chemotherapy. No differences
were observed in serum SOD activity in patients without
mucositis (1.664+0.77/ 1.589+0.70 U/mL Before/After
Chemo; p=0,693; Figure 2a). On the other side, in patients
with mucositis SOD activity was reduced (p<0.05) at
the end of treatment (1.753+0.65/ 0.824+0.0.39 U/mL,
Before/After Chemo; Figure 2b).

Table 3. Comparison between Preventive Laser Therapy
and the Development of Oral Mucositis in Different
Protocols. In sequence, the grades (I, II, III and IV) of
the subjects (N = 88) with mucositis who did not use
laser therapy were evaluated with those who did.

No Laser N Laser N P
(%) (%)
AC-T
No Mucositis 11 (27.5) 83 (83.9)  p<0.0001
Mucositis 29 (72.5) 16 (16.1)
TC
No Mucositis 02 (25) 32 (91.5) p=0.0003*
Mucositis 06 (75) 03 (8.5)
SFU
No Mucositis 11 (33.3) 52 (83.9)
Mucositis 22 (66.7) 10 (16.1)  p<0.0001
Grade Mucositis
I 19 (32.75)  22(73.3)
I 30 (51.75) 08 (26.7)  p<0.001
111 09 (15.5) 0
v 0 0

AC-T, doxorrubicin+cyclophosphamide-+paclitaxel; SFU, fluorouracil;
TC, docetaxel+cyclophosphamide
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In addition, the level of SOD activity in the serum
of patients who underwent or not laser therapy — before
the first and after the last cycle of chemotherapy was
compared (Figure 3). In patients not submitted to laser
therapy, there was a significant reduction (*p<0,05) of
SOD activity (1.89+0.66/0.691+0.53 U/mL Before/After
Chemo; Figure 3a) when comparing SOD levels before the
first and after the last cycle of chemotherapy. Interestingly,
laser therapy was able to prevent the reduction of
SOD activity at the observed time points (1.652+0.77/
1.404+0.66 U/mL Before/After Chemo; Figure 3b).

Discussion

This work demonstrates the potential preventive effect
of laser therapy for oral mucositis in patients with solid
malignant tumors who underwent chemotherapy. This
protection could be related to the maintenance of SOD
activity in patients receiving laser therapy.

In the present study, the majority of patients were
women, and the most common tumor was breast cancer,
followed by gastrointestinal tumors. Previous reports
indicate that in women at the same age of the patients
included in the present work, breast cancer is the most
common tumor (INCA, 2019).

Staging at diagnosis time is variable, and it directly
influences the treatment choice and prognosis. In this
study, the majority of the patients presented tumors
at stage II. Associated to stage I, these are considered
initial states of cancer. However, previous studies
demonstrated that more advanced stages (III and 1V)
are more commonly found in Brazil at diagnosis time
(INCA, 2020). This discrepancy probably is related to
the sample, as our patients were from a private clinic,
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Figure 2. Superoxide Dysmutase (SOD) Activity in Serum of patients (a) without mucositis or (b) with mucositis
before the first and after the last cycle of chemotherapy. Mann-Whitney test; *p<0.05. Data are mean + SD

having a different profile regarding the feasibility of early
diagnosis.

Oral mucositis has been described as one of the
adverse effects related to chemotherapy, and the search
for preventive and therapeutic approaches is relevant
to manage this clinical feature. In the present study,
the chemotherapic compounds were mostly AC-T
(48.4%) and S5FU (33.1%). From this sample, 32.3%
of which treated with AC-T and 33.6% which received
SFU presented mucositis. Al Ibraheemi (2016) have
demonstrated 89.3% of mucositis in patients treated with
AC-T, independent of the gravity of tumor and without
preventive approaches. Epstein (1999) also demonstrated
the association of chemotherapy and oral mucositis. From
all adverse symptoms associated with chemotherapy in the
current study, mucositis represents 30.6% of incidence,
independent of treatment choice.

However, in patients who underwent laser therapy,
mucositis incidence was lower (14.7%) as compared to
patients not submitted to this treatment (69.9%), and this
reduction was observed in all chemotherapic protocols
analyzed. In the current study, the application of low-level
laser therapy in the red spectrum (630nm - 2J / cm?), in
all cycles of chemotherapy, significantly reduced the
severity of oral mucositis. Moreover, in patients who

a
34

No Laser

T

N
1

SOD (U/mL)

before chemo after chemo

underwent laser therapy and still showed mucositis, it
was less severe - grade I and II - with no manifestation
of mucositis grade IIT or IV.

Laser therapy has been described as a treatment
in patients with malignant neoplasm of the head
and neck to mitigate the effects of mucositis due to
chemoradiation therapy (Zecha et al., 2016). The use
of photobiomodulation in hematopoietic stem cell
transplantation patients is also documented, related to
high-dose chemotherapy in hematological malignancies,
being effective in reducing the severity of chemotherapy-
induced oral mucositis (Eduardo Fde et al., 2015; Silva et
al., 2015; Bezinelli et al., 2016). Despite the benefits of
inducing photobiomodulation by laser therapy in patients
with solid tumors undergoing chemotherapy, there is no
consensus regarding laser doses and frequencies to be
used, which can vary from 7 to 10 days of application
and in doses that vary from 2 to 10 J / cm? (Anschau et
al., 2019; Daugeélaité et al., 2019).

NetoWestphalen (2018) described prophylactic laser
therapy in chemotherapy for solid tumors with laser
application frequency and doses different from those
used in the present study. These authors evaluated the
use of low-level laser therapy to reduce the severity
of oral mucositis in individuals with breast cancer and

Laser

N
1

r

SOD (U/mL)
n

)
before chemo after chemo

Figure 3. Superoxide Dismutase (SOD) Activity before the First and after the Last Cycle of Chemoterapy in Serum
of Patients (a) whithout laser therapy or (b) who underwent laser therapy. Mann-Whitney test; *p<0.05. Data are

mean = SD
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receiving chemotherapy [fluorouracil (5-FU) +adriamycin
(doxorubicin) + cyclophosphamide], using 660nm laser
- 4] / em? or 808nm - 4J / cm?, during 7 consecutive
days. The severity of mucositis in the laser group was
lower than in the control group, which used only 0,12%
chlorhexidine, but no statistical difference was observed
between the two wavelengths appointed. These results
demonstrate that low-intensity laser radiation can be useful
in the treatment of oral mucositis. Our results demonstrate
that laser therapy, even in lower doses (630nm - 2J/cm?),
has shown preventive effects reducing the incidence and
gravity of oral mucositis related to chemotherapy.

On the other hand, Rozza-de-Menezes (2018)
demonstrated that in patients under treatment with
fluorouracil and doxorubicin for solid tumors, both the
use of low-power laser therapy (650nm, 4J / ¢cm?) or
improvement of oral care showed positive results to
prevent oral mucositis and should be further investigated
in similar and larger samples.

The presence of mucositis has been associated
with leukopenia, due to the reduced capacity for an
inflammatory response to the cytotoxic effects of
chemotherapy on the oral mucosa, which may alter the
final response of tissue repair (Suresh et al., 2010; Patussi
etal., 2014; Al Ibraheemi and Shamoun, 2016). According
to Suresh (2010), leukocyte levels below 3,000 / mm?
increase the risk of oral mucositis. In the present study,
we corroborate this observation where the reduction in
the number of total leukocytes occurs in parallel with the
higher incidence of oral mucositis, and the use of low-level
laser therapy did not change this parameter. This fact
must be related to the impairment of the inflammatory
response, mediated by immune cells, impairing the
inflammatory, proliferative (mediated by fibroblasts,
associated with collagen production and angiogenesis),
and remodeling (reorganization and maturation of the
tissue) phases of healing (Martin and Leibovich, 2005).
Given the above, the lack of effect of low-level laser
therapy photobiomodulation on leukocytes could point to
other basal mechanisms involved in this response.

The relationship between the development of
mucositis and oxidative stress has been described, by the
formation of reactive oxygen species (ROS) that maintain
mechanisms of cellular damage, caused initially by the
cytotoxicity of chemotherapy protocols (Scully et al.,
20006). In the present study, no change in SOD activity
was observed before the start of treatment and in the last
chemotherapy cycle in those patients who did not present
mucositis. The decrease in SOD activity with the use
of cytotoxic chemotherapeutic agents has already been
described, leading to an increase in oxidative stress and
leading to an increase in adverse effects (Sakanyan, 2018).
In this context, measures that can preserve or increase
the redox balance could prevent the adverse effects of
chemotherapy (Borutaite et al., 2000; Bezinelli et al.,
2016; Dos Santos et al., 2017; Anderson et al., 2018).

In the present study, patients who developed oral
mucositis showed a reduction in serum SOD activity in the
last chemotherapy cycle when compared to the beginning
of treatment. However, when only patients with mucositis
were observed, prophylactic low-level laser therapy was

3216 4sian Pacific Journal of Cancer Prevention, Vol 22

able to prevent the reduction of SOD. The possibility
of low-level laser therapy being related to maintaining
or increasing SOD activity was raised by Vladimirov
Iu (2004) in an analysis of the mechanisms of action of
low-level laser therapy in different tissues and cells. This
fact was also reported in other pathological conditions
such as experimental rheumatoid arthritis, where there is
an increase in the production of ROS, and laser therapy
was associated with an increase in antioxidant defenses,
including SOD. The current study brings new information
regarding the effect of photobiomodulation by low-level
laser therapy and SOD activity, acting as prophylactic
approach for oral mucositis related to chemotherapy.

In conclusion, the prophylactic laser therapy protocol
proposed by the study, defined at a frequency of 630nm
and a dose of 2J / cm?, demonstrated the ability to decrease
the occurrence of oral mucositis in patients undergoing
chemotherapy protocols with high potential to induce
tissue damage, in patients with non-hematological (solid)
tumors. It was observed that oral mucositis is related to
leukopenia and reduced SOD activity. Low-level laser
therapy prevented the reduction of SOD activity, without
influencing leukocyte levels. Photobiomodulation by
applying low-power laser could be a non-invasive
approach in the prevention of oxidative stress, mitigating
the damaging effects of chemotherapy such as oral
mucositis. Its clinical applicability has been demonstrated
as an important therapeutic tool and its novel preventive
potential is demonstrated by this study.
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5 CONCLUSOES

Concluimos que o ATR-FTIR discriminou com sucesso as amostras de pacientes com
cancer oral dos individuos saudaveis usando amostras de plasma, com acidos nucléicos
sendo encontrados como biomarcadores principais. A técnica foi satisfatéria em separar
0 grupo cancer segundo seu estadiamento se mostrando uma valiosa ferramenta para
acompanhamento do status da doenga e resposta terapéutica. Em um primeiro momento
analises de amostra salivar se mostraram promissoras. Estudos comparativos entre
lesbes potencialmente malignizaveis, doengas inflamatorias sistémicas e alteragdes alto
imunes sao sugeridos para que as evidéncias se tornem mais robustas e possas

transladar para a pratica clinica.
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6 PERSPECTIVAS

E importante destacar que ainda ndo existe uma proposta padronizada de aplicagdo de
ATR-FTIR na analise de amostras biolégicas para rastreio oncoldgico. Portanto analises
com diferentes naturezas de amostra e em tempos distintos do curso da doenga seriam
de grande valia bem como a avaliagdo da resposta sistémica as condutas terapéuticas

utilizando-se este método.
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APENDICES

Os dados apresentados nesta sessao foram gerados a partir da presente tese e serao

utilizados em publicagbes futuras.
Tabela Suplementar 01:

Caracterizagcado da amostra quanto a idade, sexo e estadiamento ( amostra submetida a
analise por ATR-FTIR em plasma)

Cancer Controle
Idade 57.96(+/- 9.49) 52.67(+/- 10.37)
Mulheres 7 24
Homens 37 13
Estadiamento da doenga
T1 05 -
T2 07 -
T3 04 -
T4 11 -
NO 17 -
N1 02 -
N2 05 -
N3 03 -

O Sistema TNM de estadiamento foi utilizado da caracterizacdo e estratificagdo da doenca. 10 pacientes
ainda estavam com estadiamento em investigacao e nao foram incluidos na tabela.
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As figuras suplementares 01 e 02 apresentam o resultado da analise do plasma por FTIR-
ATR quando discriminamos entre estadiamento inicial (T1 e T2) e avancado (T3 e T4).
Este resultado é de suma importancia uma vez que o prognéstico favoravel esta

diretamente relacionado ao diagnostico precoce.

Figura suplementar 01:

PCA do estadiamento das amostras de cancer
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A tabela a seguir apresenta os dados clinico-patoldégicos como estadiamento do tumor
segundo a classificagdo TNM (Unido Internacional contra o Cancer - UICC), localizagao
do tumor e tratamento proposto. Também estao presentes os dados, altura, peso, sexo,
idade e presenca de comorbidade. A histéria do consumo de alcool e tabaco e sua

relagdo com o estadiamento se encontram na tabela 04 e 05.

Tabela suplementar 03:

Dados clinico-patoldgicos

Variavel n %
Sexo
Feminino 10 26
Masculino 29 74
Idade (anos) 61+ 12
Peso (Kg) 55+ 11

1,65+
Altura (metro) 0.4
Tabagista
Sim 25 64
Néo 7 18
Ex tabagista 7 18
Etilista
Sim 22 56,4
N&o 11 28,2
Ex etilista 6 15,4
Comorbidades
Sem comorbidades 12 31
Hipertensao 9 23

Diabetes 2 5
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Hipertensao e

diabetes 8 20,5

Nao informado 8 20,5

Estadiamento

| 8 20,5
I 13 33,3
I 6 15,4
v 12 30,8
Local da lesao

E}orda lateral de 12 31
lingua

Assoalho 8 23
Labio inferior 6 15
Mucosa jugal 9 21
Area Retromandibular 4 10
Tratamento

proposto

Cirurgia 19 49
Radioterapia 11 28
Radio+quimio 7 18
Cirurgiatradio+quimio 2 5

As variaveis Etilismo e Tabagismo foram relacionadas ao estadiamento como disposto a

sequir:



Tabela suplementar 04:

Relac¢do Etilismo x Estadiamento

80

Estadiamento Etilista Nao Etilista Ex-etilista Total
N(22) N(11) N(6) N(39)
N(%) N(%) N(%) N(%)
i 8(38) 10(47,6) 3(14,4) 21(100)
v 14(77,7) 1(5,7) 3(16.,6 18(100)
Tabela suplementar 05:
Relagdo Tabagismo x Estadiamento
Estadiamento Tabagista Nao tabagista Ex-tabagista Total
N(25) N(07) N(07) N(39)
N(%) N(%) N (%) N (%)
i 10(47,61) 7(18) 4(33) 21(100)
v 15(83,3) 0(0) 3(17) 18(100)
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ANEXOS

Participacdo em publica¢des(anais, capitulo de livro) nos ultimos 05 anos:

1.

Machado, KL L L. et al. The Seroconversion Rate of the Yellow Fever Vaccine Is
Lower in Patients Vaccinated Inadvertently. In: Anais do 36° Congresso
Brasileiro de Reumatologia. [ISBN 978-85-212-1892-0]. Sdo Paulo: Blucher,
2019. ISSN 2357-7282, DOI :10.5151/sbr2019-608

Valim V, Pinto AD, Martins Rocha PC, et al. Safety and efficacy of primary yellow
fever vaccination in autoimmune disease: a prospective controlled study. In:
Annals of the Rheumatic Diseases. p.2110.AB1298 DOl:
http://dx.doi.org/10.1136/annrheumdis-2019-eular.6424

Nardi, D, Oliveira, K, Thebit, M, Menezes, B, Bissoli, N, Gouvea, S. Predictive
Value of CRP Levels in Patients with Head and Neck Cancer. Oral Surgery, Oral
Medicine, Oral Pathology and Oral Radiology. p 126. e173.
D0i:10.1016/j.0000.2018.02.691.

Silva, F, Gouvea, S, Oliveira, K, Araujo, M, Sartorio, C, Thebit, M, Silva, A.

(2017). Hypertensive Retinopathy: Pathophysiology and Clinical Management.

Participacao em artigos publicados nos ultimos 05 anos:

1.

Santa-Rosa, C; Thebit, M; Maciel, K; Brito, L; Vieira, L; Ribeiro-Sobrinho, A.
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