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RESUMO

A mucosite oral quimioinduzida é uma resposta inflamatéria da mucosa a acdo dos
quimioterapicos. Polimorfismos em genes envolvidos no metabolismo do metotrexato
(MTX) tém sido referidos como indicios associativos na ocorréncia da mucosite oral. O
objetivo da presente dissertacdo foi investigar a relagdo dos polimorfismos genéticos no
desenvolvimento da mucosite oral em criangas e adolescentes submetidos a quimioterapia
envolvendo o MTX. Realizou-se, para tanto, uma revisao sistematica com meta-analise e
uma pesquisa longitudinal. Para a revisdo, buscas bibliogréficas foram realizadas nas
bases de dados: PubMed, Scopus, Lilacs, Cochrane, Web of Science e Open Grey, até
maio de 2019. Estudos observacionais com criancas e/ou adolescentes submetidos a
quimioterapia com MTX, portadores de algum polimorfismo e que apresentaram a
mucosite oral como desfecho foram selecionados por meio da estratégia PECO. Estudos
que continham o numero individuos com e sem polimorfismos genéticos, com e sem
mucosite oral, e que realizaram andlises estatisticas associativas foram selecionados.
Avaliou-se a qualidade metodologica pelo instrumento de Fowkes e Fulton (1991). Duas
meta-anélises foram conduzidas no Review Manager v. 5.2 (com todos os polimorfismos
encontrados e com os polimorfismos que se repetiram em mais de um estudo). A
qualidade da evidéncia foi avaliada pelo GRADE. Para o estudo longitudinal, 64
pacientes foram avaliados pelo OAG (Oral Assessment Guide) modificado para
diagndstico da mucosite oral. O material bioldgico utilizado foi a saliva, de onde foram
isoladas células epiteliais orais e extraido o DNA. Os polimorfismos: MTHFR C677T
(rs1801133), DNMT3B C-149T (rs2424913), ABCC2 C-24T (rs717620), ABCG2 G34A
(rs2231137) e ABCG2 C421A (rs2231142), foram analisados por PCR-RFLP
(Polymerase Chain Reaction - Restriction Fragment Length Polymorphism) e os
resultados observados em gel de poliacrilamida 6%, corado com nitrato de prata ou
GelRed®. Os dados demogréaficos e hematoldgicos foram coletados a partir dos
prontudrios. Foi realizada estatistica descritiva e inferencial, utilizando os testes: Qui-
quadrado, exato de Fisher e U de Man-Whitney (p<0,05). A busca da revisdo sistematica
resultou em 61 artigos, dos quais 9 eram elegiveis. A amostra total foi de 1775 individuos,
com idades entre 1 e 19 anos, portando leucemia ou linfoma. Investigaram-se 29
polimorfismos estudados e suas associacdes com a mucosite oral, sendo o MTHFR
C677T o mais investigado. Sete estudos apresentaram vieses na selecdo da amostra. N&o
foi observada associacdo entre os polimorfismos e a ocorréncia de mucosite oral, tanto na
meta-analise com todos os polimorfismos (RR= 1,14; 12=18%; p=0,22) quanto na
realizada com os polimorfismos que se repetiram nos estudos (RR=0,96; 12=20%;
p=0,29), com nivel de evidéncia cientifica muito baixo. No estudo longitudinal, houve
predominio do sexo masculino (56,2%) e idade média de 10,8 anos (+4,9). Dentre os
pacientes que apresentaram mucosite oral, 65,3% foram acometidos pela forma grave
(MOG). Houve associacdo entre o polimorfismo C421A (rs2231142) e a mucosite oral
(RR=8,33; 1C=0,09 - 0,47; p=0,02;), bem como entre MOG e contagem de leucdcitos
(p=0,03) e MOG e idade (p=0,02). A revisdo sistematica concluiu que a mucosite oral e
polimorfismos genéticos ndo estdo associados, no entanto, o risco de viés e a baixa
qualidade da evidéncia cientifica sugerem a realizacdo de novos estudos com maior rigor
metodoldgico, 0 que impulsionou a realizagdo do estudo longitudinal. J& neste estudo,
conclui-se que a presenca de polimorfismo C421A ABCG2 (rs2231142) aumenta a
probabilidade de ocorréncia mucosite oral. As criancas e adolescentes mais jovens e com
menor quantidade de leucocitos apresentam maior probabilidade de desenvolverem a
mucosite oral grave.

Palavras-chave: Mucosite oral, Polimorfismos genéticos, Criangas
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ABSTRACT

Chemoinduced oral mucositis is an inflammatory mucosal response to chemotherapeutic
action. Polymorphisms in the genes involved in methotrexate metabolism (MTX) have
been caused as evidence associated with the occurrence of oral mucositis. The aim of this
dissertation was to investigate a relationship of genetic polymorphisms in the
development of oral mucositis in children and adolescents who used chemotherapy using
MTX. For this, a systematic review with meta-analysis and a longitudinal survey were
performed. For review, bibliographic searches were performed in the databases: PubMed,
Scopus, Lilacs, Cochrane, Web of Science and Open Gray, until May 2019. Observational
studies with children and / or adolescents with MTX chemotherapy, with some
polymorphism and who described an oral mucositis as unfocused were selected using the
CEEC strategy. Studies containing the number of individuals with and without genetic
polymorphisms, with and without oral mucositis, and who performed statistical statistics
associated with selected items. Prohibit methodological quality by the instrument of
Fowkes and Fulton (1991). Two meta-analyzes were conducted in Review Manager v.
5.2 (with all polymorphisms found and with polymorphisms that were repeated in more
than one study). The quality of the evidence was assessed by GRADE. For the
longitudinal study, 64 patients were evaluated by the modified oral assessment guide
(OAG) for diagnosis of oral mucositis. The biological material used was saliva, where
oral epithelial cells were extracted from DNA. Polymorphisms: MTHFR C677T
(rs1801133), DNMT3B C-149T (rs2424913), ABCC2 C-24T (rs717620), ABCG2 G34A
(rs2231137) and ABCG2 C421A (rs2231137) and were analyzed by PCR-RFLP
polymorphism and length the results observed on 6% polyacrylamide gel stained with
silver nitrate or GelRed®. Demographic and hematological data were collected from
medical records. Descriptive and inferential statistics were performed using the chi-
square, Fisher's exact test and Man-Whitney U test (p<0.05). The search for systematic
review resulted in 61 articles, 9 of which were eligible. A total sample was 1775
individuals, aged 1 to 19 years, with leukemia or lymphoma. Twenty-nine polymorphisms
studied and their associations with oral mucositis were investigated, being MTHFR
C677T or more investigated. Seven studies published in the sample selection. No
association was observed between polymorphisms and occurrence of oral mucositis,
either meta-analysis with all polymorphisms (RR =1.14; 12 = 18%; p = 0.22) or performed
with the polymorphisms that were repeated in the studies (RR = 0.96; 12 =20%; p = 0.29),
with very low level of scientific evidence. In the longitudinal study, there was a
predominance of males (56.2%) and average age of 10.8 years (+ 4.9). Among the patients
with oral mucositis, 65.3% were severely affected (MOG). There was an association
between C421A polymorphism (rs2231142) and oral mucositis (RR = 8.33; CI = 0.09 -
0.47; p=0.02;), as well as between MOG and leukocyte count (p =0 .03) and MOG and
age (p = 0.02). The systematic review concluded that oral mucositis and genetic
polymorphisms are not associated; however, the risk of disease and the poor quality of
scientific research suggest further studies with greater methodological rigor, or what
drives longitudinal studies. In this study, we concluded that the presence of C421A
ABCG2 polymorphism (rs2231142) increases the likelihood of oral mucositis. Younger
children and adolescents with fewer leukocytes are more likely to develop an oral
mucositis severe.

Keywords: Oral mucositis, Genetic polymorphisms, Child
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1 INTRODUCAO

1.1 Cancer pediatrico

O cancer é uma sindrome classificada como uma Doenca e Agravo nao
Transmissivel (DANT), responsavel por altos indices de morbimortalidade no mundo e
no Brasil. Apresenta alta incidéncia e estimativa crescente ao passar dos anos. Calcula-
se, para cada ano do biénio 2018-2019, o surgimento de 417.010 novos casos no Brasil,
com excec¢do do cancer de pele ndo melanoma (1,2).

Nos Registros de Cancer de Base Populacional (RCBP), 3% (percentual mediano)
dos tumores malignos sdo encontrados no publico infanto-juvenil (0 — 19 anos),
estimando-se a ocorréncia de 12.500 novos casos de cancer em criangas e adolescentes,
com maior incidéncia nas regides sudeste e nordeste brasileiro (2).

Nesta populacdo, as leucemias correspondem a 26% das neoplasias, sendo a
Leucemia Linfoblastica Aguda (LLA) a mais prevalente em criancas, embora haja um
predominio da Leucemia Mieloide Aguda (LMA) no primeiro ano de vida (3,4). As
leucemias sdo resultado da ndo-maturacdo de células sanguineas da série branca,
produzidas na medula dssea, que se transformam em células neoplasicas. Elas nédo
realizam suas fungdes, ndo sofrem morte celular, mas substituem as células sanguineas
saudaveis e proliferam-se (2,5).

Esta neoplasia € classificada de acordo com o tipo de célula branca afetada e com
a velocidade de evolucdo, sendo assim denominadas: leucemia mieloide ou mieloblastica,
quando a estirpe mieloide é atingida; leucemia linfoide, linfocitica ou linfobléastica,
quando a estirpe linfoide é atingida; apresentando evolugdo aguda (rapida) ou cronica
(mais lenta) (2,5).

No ano de 2016, o Instituto Nacional de Céancer José Alencar Gomes da Silva
(INCA) publicou um levantamento a respeito da morbimortalidade e incidéncia de cancer
em pacientes hospitalizados. As analises de tendéncia das taxas de incidéncia para as
leucemias no puablico infanto-juvenil, na cidade de Jodo Pessoa, demonstraram um
aumento significativo. Isso pode ser reflexo da melhoria do servigo oncopediatrico, no
que diz respeito ao diagnostico e tratamento das leucemias, bem como na melhoria das
informacdes destas neoplasias para a populagéo (6).

Mais da metade dos pacientes pediatricos acometidos pelo cancer é tratada com

guimioterapia, sendo este o recurso terapéutico empregado no tratamento das leucemias.
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No entanto, esse tratamento apresenta diversos efeitos colaterais, como: alopecia, nausea,

vOmito, diarreia, imunossupressao, hipossalivacdo e mucosite oral (7-9).

1.2 Mucosite oral quimioinduzida

A mucosite oral quimioinduzida consiste em uma resposta inflamatéria da mucosa
a acdo bioquimica de medicamentos antineoplasicos. Esta condicdo € mais frequente e
mais severa em criangas, por apresentarem alto teor mitdtico. Clinicamente, inicia-se com
a formacdo de lesdes eritematosas atroficas, podendo evoluir para lesdes edemaciadas
e/ou ulceradas, atingindo o tecido submucoso, sendo frequente a presenca de sangramento
e dor intensa (9-13).

De acordo com o modelo patobiol6gico da doenca, a mucosite oral pode perpassar
por cinco fases: (1) iniciacdo, (2) geracdo da mensagem, (3) amplificacdo do sinal, (4)
ulceracdo e (5) cicatrizacdo (11,14). O inicio da inflamacdo ocorre com um dano
irreversivel no DNA, causado pelos quimioterapicos, resultando numa injdria na camada
basal da mucosa. Este dano tecidual pode desencadear a liberacdo de espécies reativas de
oxigénio e ativar a sinalizacdo de eventos submucoso, como a quimiotaxia de células de
defesa (macrofagos) e sinalizacdo de citocinas inflamatdrias (TNF-a e IL-6). A partir
desses eventos, as células da camada basal da mucosa oral comegcam a sofrer apoptose e
néo proliferam-se para promover o reparo tecidual, formando uma ulceragéo, que pode
ser colonizada por patdgenos oportunistas e gerar sepse nos pacientes. A recuperacao das
lesBes ocorre espontaneamente, variando o periodo de cicatrizacdo, mas normalmente a

mucosite regride em até 15 dias (11,13,14).

Figura 1. Fisiopatologia da Mucosite Oral
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Adaptado de: Sonis ST. A Biological Approach to Mucositis. J Support Oncol 2004;2:31-36.
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Esta injdria acontece em cerca de 46% a 70% dos pacientes infanto-juvenis
tratados com quimioterapia, iniciando entre o 3° e 15° dia ap6s administragdo do
medicamento. No entanto, observa-se resolutividade, em 90% dos casos, entre a 22 e 32
semanas subsequentes ao término do ciclo quimioterapico (4,14).

Nos casos mais avancados, classificados como Mucosite Oral Grave (MOG), a
presenca de ulceragBes confluentes, dor e sangramento impedem o0s pacientes de se
alimentarem por via oral (11,13). Esta condic¢do causa debilidade nutricional, aumento do
tempo de hospitalizacdo e de custos, e aumento do risco de bacteremia e sepse, sendo
necessaria a interrupcéo do tratamento quimioterapico (15,16).

Para mensurar a evolugéo clinica da mucosite oral s&o utilizadas algumas escalas
que avaliam a integridade dos tecidos bucais, dentre elas estdo: National Cancer Institute
(NCI), Common Terminology Criteria for Adverse Eventes (CTCAE), World Health
Organization (WHOQO) e Children’s Cancer Group (CCG), no entanto nao sdo
direcionadas apenas para os efeitos adversos na cavidade bucal. A escala Oral Assessment
Guide (OAG) modificado, por sua vez, € um instrumento destinado apenas para a
avaliacdo oral, sendo de facil aplicacdo. Consiste numa escala com escores variando de 1
a 3, onde o valor 1 indica normalidade da mucosa, o 2 indica alteracdes leves e/ou
moderadas, com relacdo a integridade epitelial ou funcdo, e 0 3 é o resultado de
complicacdes severas. Sao avaliados 8 itens e, ao final, é feito um somatorio, totalizando
em valores compreendidos entre 8 e 24, ndo havendo um ponto de corte para a estimacgéo
da mucosite (17).

Com relacdo a etiologia da doenca, alguns fatores ja foram relacionados ao
aparecimento desta inflamacdo, dentre os quais uns sdo inerentes ao individuo, como:
mielossupressao, neoplasia de base, idade, sexo, fatores genéticos, condi¢des sistémicas
e orais; outros sdo resultados dos quimioterapicos empregados nos protocolos
terapéuticos: citoxicidade terapéutica direta (posologia), poder cumulativo das drogas,
aumento dos ciclos quimioterapicos e associagao de drogas (4,14).

Dentro dos fatores genéticos, os polimorfismos de nucleotideo Unico (SNP —
Single Nucleotide Polymorphism) também tém sido referidos como um indicio
associativo no aparecimento desta complicagdo, sobretudo em genes que regulam o
metabolismo do Metotrexato (MTX). Este quimioterapico € empregado no tratamento de
diferentes tipos de cancer infanto-juvenil, inclusive nas leucemias, que sdo as neoplasias

mais prevalentes em pacientes pediatricos (3,4,18-24).
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1.3 Metotrexato

O MTX é um metabdlito antagonista do folato, que atua na fase S do ciclo celular,
impedindo a sintese do DNA e interrompendo a proliferacdo celular exponencial de
células malignas e de tecidos sadios com esta caracteristica. Dessa forma, ocorre uma
reducdo no reparo epitelial da mucosa, contribuindo para o desenvolvimento da mucosite
oral (25,26).

Essa droga atua em uma variedade de proteinas, comegando por sua entrada na
célula e metabolizacdo e finalizando com sua saida (27,28). A acdo desta medicagdo no
ciclo do folato interfere no metabolismo de aminoacidos e sintese de nucleotideos
resultando em um bloqueio na formacdo do DNA e, consequentemente, morte celular
(27,29). Em adicéo, é possivel que o MTX tenha influéncia sobre o perfil de metilacéo
do DNA, uma vez que ele pode diminuir os niveis de doadores de radical metil (SAM)
gerados no ciclo do folato. Como visto no plasma sanguineo de criangas com leucemia
linfoblastica aguda tratadas com MTX (30).

Figura 2. Metabolizacdo intracelular do MTX
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MTX - Methotrexate; RFC - Reduced Folate Carrier; DHF - Dihydrofolate; DHFR - Dihydrofolate reductase;
FPGS - Folylpolyglutamate synthase; FPGH - Folylpolyglutamate hydrolase; MTHFR - Methylene tetrahydro-
folate reductase; MTX-PG - Methotrexate polyglutamate; THF - Tetrahydrofolate; 5-CHz-THF - Methyl-THF;
5,10-CH2-THF - Methylene-THF; TS - Thymidylate synthase

McBride, A. et al. (2012). Suspected Methotrexate Toxicity From Omeprazole. Journal of Pharmacy Practice, 25(4), 477-485.

Uma vez que a toxicidade do MTX esteja ligada a sua capacidade de inibir a
enzima metionina-adenosina transferase e, consequetemente, a produ¢do do doador de
radical metil (SAM), alteracGes no pefil de metilagdo de DNA derivada de seu tratamento

ndo é exatamente um evento surpresa (31). De fato, alguns estudos mostraram que o MTX
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esta associado a alterac6es no perfil de metilacdo do DNA. Em um modelo de defeito do
tubo neural de camundongos, 0 MTX causou hipometilacdo de DNA (32). Em contraste,
baixas doses de metotrexato causaram hipermetilacdo global em pacientes com artrite
reumatoide (33,34). Outro estudo sugeriu que neurotoxicidade derivada do tratamento
com MTX em leucemias pode estar relacionada a alteracdes no perfil de metilagcdo de
DNA tanto global quanto sitio-especifica (35).

O mecanismo pelo qual o MTX causa citotoxicidade esta associado a intervencao
causada na producao de purinas e pirimidinas, blogueando a sintese do DNA (28,36). Sua
metabolizacdo e armazenamento ocorre nas células hepaticas, onde hd um maior estresse
oxidativo, implicando em um retardo na depuracdo da droga. Esse retardo também pode
acontecer nos tdbulos renais, causando obstrucdo e, consequentemente, maior
pernaméncia do MTX no plasma sanguineo, aumentando os riscos dos efeitos adversos
(37,38)

Alguns genes codificam proteinas que atuam diretamente na farmacodinamica do
MTX, como as proteinas de efluxo de drogas, a exemplo das transmembrana da familia

ABC, e enzimas que participam do ciclo do folato (38-40).

1.4 Metilenotetrahidrofolto redutase (MTHFR)

O gene MTHFR codifica a enzima metilenotetrahidrofolato redutase que participa
da sintese do folato, substancia essencial na formacdo do DNA e reproducdo celular
(41,42). Essa enzima promove a conversdo da 5,10-metilenotetrahidrofolato em 5-
metiltetrahidrofolato, que resultara nos aminoacidos metionina e S—adenosilmetionina
(SAM), utilizados para as reacOes de metilagdo do DNA (41,42).

O gene MTHFR esta localizado no cromossomo 1p36.3, estando o polimorfismo
C677T localizado no éxon 04 deste gene. Individuos que apresentam essa substituicdo de
nucleotideos, resultando nos genédtipos CT e TT, codificam uma enzima alterada portando
um aminodcido diferente do esperado. Nesta substituicdo pode-se observar a troca do
cddon que codifica o0 aminoacido alanina para o cédon que codifica 0 aminoacido valina
(43).

O polimorfismo C677T leva a uma diminuicdo na atividade enziméatica em cerca
de 70% nos individuos com genotipo TT e 35% nos individuos com gendtipo CT, o que
configura um aumento moderado das concentracbes plasmaticas de homocisteina,
levando a um quadro de hiper-homocisteinemia, quadro que estd associado a doencas

vasculares, pela toxicidade da homocisteina no endotélio vascular (44,45).
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Vérios polimorfismos ja foram descritos para esse gene, em especial o
polimorfismo C677T, que é um dos mais estudados na literatura e mostra associagdo com
diversas doencas inflamatérias e tumorais, tais como: artrite reumatoide (46),
arterosclerose e doencas cardiovasculares (47,48), psoriase (49), cancer de tireoide (50)
e mucosite oral (51).

Uma coorte realizada no Egito com 40 pacientes oncopediatricos diagnosticados
com leucemia estudou a relagéo entre o polimorfismo C677T e a ocorréncia de mucosite
oral quimioinduzida por MTX. Os autores concluiram que os individuos com genétipo
TT, comparados aos idividuos com genotipo CC, apresentavam associacdo com a

ocorréncia da mucosite oral (51).

1.5 DNA-metiltransferase (DNMT3B)

As DNA-metiltransferases sdo enzimas que utilizam o substrato SAM, gerado no
ciclo do folato, para transferir radicais metil (CHz) ao DNA. Essas enzimas sdo
classificadas em: metilases de manutencdo, responsavel pela metilacdo das fitas de DNA
em processo de replicacdo e que ja apresentavam metilacdo prévia, como a DNMT1, e as
metilases de novo (DNMT2 e DNMT3), responsaveis pela maioria dos processos de
metilacdo naqueles sitios sem metilacdo prévia (52). Essas enzimas promovem a
metilacdo do DNA resultando comumente na diminuicdo da transcri¢do ou silenciamento
génico e, em alguns casos, na ativacdo da expressao génica (53,54).

A enxima DNA metiltransferase 3B é codificada pelo gene DNMT3B localizado
no cromossomo 20qg11.2, estando o polimorfismo C-149T localizado na regido promotora
deste gene, sendo um dos mais estudados dentre tantos outros ja descritos na literatura.
Esse polimorfismo leva a um aumento da transcri¢do deste gene, que pode levar a uma
hipermetilacdo do DNA e, consequentemente, diminuicdo ou silenciamento da expressao
génica (52)

Diversas doencas inflamatorias, neurologicas e tumorais ja foram associadas a
presenca do polimorfismo C-149T, tais como: Alzheimer (55), Parkinson (55), cancer de
pumao (56), gliomas (57), cacer colorretal (58), cancer de cabeca e pescogo (19). No
entanto, ainda néo foi realizado nenhum estudo associando a presenca deste polimorfismo

com a ocorréncia de mucosite oral.
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1.6 Proteinas da familia ABC (ATP Binding Cassete)

Os genes da familia ABC codificam proteinas de transporte transmembrana,
envolvidas no processo de efluxo de drogas, que utilizam a energia do trifosfato de
adenosina (ATP) de ligacdo e de hidrdlise para realizacdo desta funcdo. Proteinas da
subfamilia C e G transportam o MTX para fora das células (59,60).

A proteina ABC membro 2 da subfamilia C é codificada pelo gene ABCC2
localizado na posigdo 10g24.2. Um dos polimorfismos mais estudados desse gene é o C-
24T, localizado na regido promotora do gene ABCC2. Essa alteracdo leva a uma
diminuicdo na expressdo desse gene e ja foi associada a varias doencas, dentre elas estdo:
cancer de pancreas (62), cancer de mama (63), sepse (64), disfungéo tubular renal (65) e
mucosite oral (40).

O estudo que associou a ocorréncia da mucosite oral com o polimorfismo C-24T
foi realizado na China com 112 criancas com leucemia tratadas com MTX. Foi observado,
nessa coorte, que este polimorfismo ndo somente estava associado com a ocorréncia da
doenga, como também com a sua forma mais grave (MOG) (40).

Outra proteina transmembranica da familia ABC envolvida no efluxo de MTX é
a membro 2 da subfamilia G, que esta localizada na posicdo cromossémica 4022.1.
Alguns polimorfismos j& foram estudados no gene ABCG2, sobretudo dois que estdo
associados a uma maior permanéncia de drogas no interior da célula: 0 G34A e o0 C421A
(20,21,66,67).

O polimorfismo G34A resulta em uma troca do codon do aminoacido valina pelo
cddon do aminoacido metionina, consequentemente ocorre a formagdo de uma proteina
estruturalmente e funcionalmente diferente. O mesmo acontece com o polimorfismo
C421A, que ocorre a troca do cédon do aminodcido glicina pelo codon do aminoacido
lisina. Estudos j& observaram que h& um retardo na atividade dessas proteinas quando
elas apresentam esses polimorfismos. Como consequéncia, as drogas permanecem por
mais tempo no interior da célula e podem aumentar o risco citotoxico no individuo
(20,21,66,67).

Alguns efeitos biologicos podem ser observados em decorréncia desses
polimorfismos, como por exemplo: aumento de acido Urico em individuos que portam o

G34A (68) e associacdo com a incidéncia de cancer colorretal (69).
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1.7 Polimorfismos genéticos e medicina personalizada

Essa identificacdo de associagOes contribuiria para a melhoria do cuidado
preventivo de pacientes que, porventura, apresentassem riscos ao desenvolvimento da
doenca, contribuindo com a reducdo da morbidade e severidade da mucosite oral em
criancas e adolescentes. Uma vez que seria possivel lancar mdo da medicina
personalizada, recurso ideal para minimizar reacdes adversas.

O estudo de polimorfismos genéticos consegue identificar biomarcadores que
poderiam ser utilizados como ferramentas para uma terapia personalizada. Essa, por sua
vez, tem sido considerada como uma importante ferramenta para um tratamento mais
eficiente, mais barato e com menos eventos adversos, na qual a dose e o tempo de
tratamento se ajustariam de acordo com a resposta do paciente (70). O efeito de
polimorfismos genéticos na suscetibilidade a mucosite oral induzida pelo MTX ainda é
pouco explorado, enquanto o apelo para a pratica da medicina personalizada vem
crescendo significativamente (70,71).

Embora alguns estudos apontem a associagdo entre polimorfismos genéticos e a
incidéncia da mucosite oral (40,51), ainda sdo poucos o0s estudos que investigam essa
associacdo na populacdo infanto-juvenil tratada com MTX e os resultados encontrados
ndo sdo convergentes (4,72). Ainda ndo foram realizados estudos desta natureza na
populacéo brasileira, dado observado pela revisdo sistematica apresentada no capitulo 2
dessa dissertacdo, e ndo ha na literatura a associa¢do do polimorfismo DNMT3B C-149T
(rs2424913) com a ocorréncia da mucosite oral, justificando a originalidade do presente
estudo.

Diante disto, objetiva-se investigar a associa¢do dos polimorfismos genéticos:
MTHFR C677T (rs1801133), DNMT3B C-149T (rs2424913), ABCC2 C-24T (rs717620),
ABCG2 G34A (rs2231137) e ABCG2 C421A (rs2231142) no desenvolvimento da
mucosite oral em criangas submetidas a protocolos quimioterapicos envolvendo o MTX.
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ABSTRACT

Objective The objective of this study was to investigate the relationship between the
genetic polymorphisms MTHFR C677T (rs1801133), DNMT3B C-149T (rs2424913),
ABCC2 C-24T (rs717620), ABCG2 G34A (rs2231137) and ABCG2 C421A (rs2231142)
and the development of oral mucositis in pediatric patients undergoing chemotherapy
involving methotrexate.

Materials and Methods A retrospective and prospective longitudinal study was
conducted with 64 patients, and oral mucositis was evaluated by the modified Oral
Assessment Guide (OAG). The biological material used was saliva, from which oral
epithelial cells were isolated and DNA was extracted. The polymorphisms were analyzed
by PCR-RFLP method. Demographic, hematological and biochemical data were
collected from medical records. Statistical analysis was performed using the SPSS
software adopting a p-value of 0.05.

Results Male sex predominated (56.2%), and the mean age was 10.8 years (x 4.9).
Among the patients with oral mucositis, 65.3% were affected by the severe form. There
was an association between the rs2231142 polymorphism and oral mucositis (RR = 8.33;
Cl1=0.09 - 0.47; p = 0.02) as well as between severe mucositis and leukocyte count (p =
0.03) and between severe mucositis and age (p = 0.02).

Conclusions It is concluded that the presence of the ABCG2 polymorphism (rs2231142)
increases the likelihood of oral mucositis. Younger patients with fewer leukocytes are
more likely to develop severe mucositis. Female sex and every 10,000-platelet increase
are protective factors against the onset of oral mucositis.

Clinical Relevance This polymorphism may be a promising biomarker for predicting the

occurrence of oral mucositis.

Keywords: Oral mucositis. Genetic polymorphisms. Children. Chemotherapy.
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INTRODUCTION

Chemo-induced oral mucositis consists of an inflammatory mucosal response to
the biochemical action of antineoplastic drugs, being more frequent and more severe in
children [1, 2]. This inflammation is observed in patients undergoing therapeutic
protocols involving methotrexate (MTX), the main chemotherapeutic agent used in the
treatment of leukemias [3, 4]. This cancer type is more common in children and
adolescents (26%), and acute lymphoblastic leukemia (ALL) is the most prevalent in
children (40%) [5, 6].

Clinically, oral mucositis begins with the formation of atrophic erythematous
lesions, which can progress to edematous and/or ulcerated lesions that reach the
submucosal tissue. The occurrence of bleeding and intense pain is frequently observed in
the most advanced stages [1, 7]. For the more severe inflammatory responses, it necessary
to pause chemotherapy because patients are unable to eat orally, causing nutritional
impairment and, consequently, affecting them systemically [8-10].

Some factors have already been related to the onset of this inflammation,
including myelosuppression, direct therapeutic cytotoxicity, increased chemotherapy
cycles, cumulative power of drugs, underlying neoplasia, oral and systemic patient
conditions and age [2, 11]. Genetic factors, such as polymorphisms in specific genes,
have also been reported as an associated factor of the onset of this complication,
especially in genes involved in MTX metabolism [7, 12-16].

MTX reaches the cytosol through transmembrane proteins, interferes with cell
metabolism and can be eliminated by efflux proteins [17, 18]. It is an antagonist of folic
acid and acts by inhibiting enzymes that participate in the folate cycle. The folate cycle
is important for amino acid metabolism, nucleotide synthesis and DNA methylation [17,
19].

The mechanism by which MTX causes cytotoxicity is associated with its ability
to intervene in the folate cycle, leading to a deficiency in the synthesis of nucleotides and
thus blocking DNA synthesis and promoting cell death [17, 19]. Because the toxicity of
MTX is linked to its ability to inhibit methionine-adenosine transferase and,
consequently, the production of the methyl radical donor (S-adenosylmethionine, SAM),
changes in the DNA methylation profile derived from MTX treatment are not unexpected
[20]. In fact, some studies have shown that MTX is associated with changes in the DNA

methylation profile, both global and site-specific [21-23].
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Thus, the interest in studying specific genes that encode proteins that act on MTX
pharmacodynamics is justified. The MTHFR gene, for example, encodes the enzyme
methylenetetrahydrofolate reductase, which participates in the folate cycle, converting
5,10-methylenetetrahydrofolate into 5-methyltetrahydrofolate, which is used for the
production of the amino acid methionine and SAM and for DNA methylation reactions
[24, 25]. MTX inhibits the first and other enzymes in the chain, leading to a decrease in
tetrahydrofolate and, consequently, a decrease in MTHFR substrate, which may lead to
reduced levels of methionine and SAM [4, 26-28].

The DNMT3B gene encodes DNA methyltransferase, which transfers a methyl
radical (CHz) to DNA from the SAM radical generated in the folate cycle. This enzyme
promotes DNA methylation, which may lead to a decrease in transcript levels or complete
silencing of gene expression [29, 30]. Polymorphisms in the MTHFR gene that reduce
enzymatic activity (rs1801133) and/or in the DNMT3B gene that increase gene expression
(rs2424913) have been associated with inflammatory diseases that affect the oral cavity,
including mucositis in the case of MTHFR [29, 31].

Among the genes encoding transmembrane proteins, genes from the ABC family
(ATP-binding cassette), such as ABCC2 and ABCG2, encode transport proteins involved
in the drug efflux process, including MTX [32, 33]. Polymorphisms in the genes of
subfamilies C and G member 2 are associated with loss of function of transport proteins
and have also been associated with inflammatory diseases of the oral cavity [34-37].

Although some studies have noted an association between genetic polymorphisms
and the incidence of oral mucositis [12, 13, 15, 34, 38], there are few studies that have
investigated this association, and the results are not necessarily convergent [11, 39].

Therefore, the objective of the present study was to investigate the relationship
between the genetic polymorphisms MTHFR C677T (rs1801133), DNMT3B C-149T
(rs2424913), ABCC2 C-24T (rs717620), ABCG2 G34A (rs2231137) and ABCG2 C421A
(rs2231142) and the development of oral mucositis in children and adolescents
undergoing MTX chemotherapy protocols. This is the first study of this nature conducted
in Brazil and the first to test the association of C-149T (rs2424913), in the DNMT3B gene,

with oral mucositis.
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MATERIALS AND METHODS

Ethical considerations

The procedures for conducting this study complied with the guidelines and norms
that regulate research involving human subjects and was approved by the Research Ethics
Committee of the Center for Health Sciences of Federal University of Paraiba (CAAE:
64249317.3.0000.5188). These procedures were also in accordance with the 1964

Declaration of Helsinki and its later amendments or comparable ethical standards.

Study design

A retrospective observational analytical study was conducted. Data were obtained
at the pediatrics department of Hospital Napoledo Laureano (HNL), a reference center for
cancer treatment in the state of Paraiba, located in the Northeast region of Brazil, between
July 2015 and March 2019. Laboratory data were processed in the Laboratory of Human
Molecular Genetics of the Department of Molecular Biology, Federal University of
Paraiba (DBM/CCEN/UFPB, for its acronym in Portuguese).

Patients who underwent oncological treatment and those in the maintenance phase
were investigated by means of direct observation. Information on the oral health of
patients was collected from dental records.

At the beginning of the study, the main oral complications were observed via
weekly assessments of each included patient, over four weeks following the beginning of
oncological treatment, considering that this is the period when the main oral disorders
resulting from therapy are reported [11].

Sample selection

The sample consisted of patients aged between 3 and 19 years who were
diagnosed with leukemia (acute lymphoblastic, acute myeloid, chronic myeloid and acute
promyelocytic) by the HNL and who underwent chemotherapy involving MTX. These
therapeutic protocols were proposed by the Brazilian Childhood Leukemia Treatment
Group (Grupo Brasileiro de Tratamento da Leukemia in Infancia - GBTLI) [40].

The sample size was calculated based on the prevalence of leukemia patients
treated at HNL between 2015 and 2018. The mean number of patients was 45.5 per year,

or 29% of all patients. However, the largest number of patients with leukemia treated at
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the hospital over these four years was adopted to include a larger number of patients. In
2016, 52 patients were recorded, or 31% of all patients.

The sample size was calculated using the program OpenEpi version 3.01 (Bill and
Melinda Gates Foundation - Emory University, Atlanta, USA), adopting the prevalence
of patients with leukemia diagnosed in 2016. A type I error (a) of 5% (two-tailed) and a
type II (B) error of 20% were adopted, as was a statistical power of 80%, and the sample
size was estimated as 46 patients. However, the sample size included 64 individuals,

obtained by census sampling.

Eligibility criteria

Inclusion criteria: Individuals aged between 3 and 19 years; primary diagnosis of
leukemia; patients who underwent chemotherapy with MTX or containing this substance
in the chemotherapeutic compound, who were monitored weekly until the 4th week of
treatment; patients in the maintenance phase (who completed chemotherapy); and
patients who had dental follow-up during treatment.

Exclusion criteria: Patients with cognitive or motor skills impairment hindering
the collection procedures; and patients with a compromised health status or in isolation
from respiratory contact, with restricted care, whose condition would preclude the
performance of the data and biological sample collection procedures.

Data collection and genetic polymorphism analysis

Oral mucosal condition: Mucositis was evaluated using the modified Oral
Assessment Guide (OAG), which is an easy-to-apply instrument that measures changes
in the oral mucosa resulting from chemotherapy in pediatric patients. It consists of a scale
with scores ranging from 1 to 3, where 1 indicates normality of the mucosa, 2 indicates
mild and/or moderate changes in epithelial integrity or function, and 3 indicates severe
complications. Eight items are evaluated, and the item scores are summed, with a final
score ranging from 8 to 24, with no cutoff point for the estimation of mucositis [41].
Previously calibrated individuals (Kappa = 0.87) were responsible for evaluating the oral
mucosa. Patients were classified according to mucositis severity: severe oral mucositis,
grade 3, and mild/moderate, grades 1 or 2.

Collection of data for the study sample: General data of the patients were recorded
on a specific form to describe the study sample. Data from patients who were in

maintenance and were followed up by the dental team during treatment were searched in
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the dental and/or medical records as well as in databases of previous studies conducted at
HNL. Hematological and biochemical data were obtained from HNL software that stores
the laboratory tests of patients throughout cancer treatment. The hematological and
biochemical data of patients who presented with oral mucositis were recorded according
to disease severity. The hematological and biochemical data of patients categorized as
having severe mucositis with a score of 3 on any of the parameters evaluated by the OAG,
were collected from this time point. However, the hematological and biochemical data of
patients who did not develop severe mucositis corresponded to the time of occurrence of
maximum changes in the parameters evaluated by the OAG. If only one parameter was
altered, the hematological and biochemical data corresponding to this time point were
recorded. The collected hematological data of patients who did not develop oral mucositis
corresponded to the last chemotherapy session.

Collection of oral epithelial cells: Oral mucosa cells were obtained from a 1-
minute mouth rinse with 6 mL of autoclaved 3% dextrose. Next, 3 mL of TNE solution
was added, and the sample was taken to the laboratory, where it was centrifuged at 11,000
rpm for 10 minutes, after which the supernatant discarded [42]. Lysing solution was
added to the oral epithelial cell pellet, and the samples were frozen at -20 °C until DNA
extraction.

DNA extraction and quantification: Genomic DNA was purified using 8 M
ammonium acetate [42]. The amount of purified DNA and its purity were measured in a
spectrophotometer at an OD ratio of. DNA with a 260/280 ratio above 1.8 was considered
pure.

Analysis of single nucleotide polymorphisms (SNPs) in the MTHFR, DNMT3B,
ABCC2 and ABCG2 genes: Genetic polymorphisms were analyzed using polymerase
chain reaction - restriction fragment length polymorphism (PCR-RFLP), in which DNA
fragments were amplified by PCR, followed by enzymatic digestion by restriction
enzymes (REs). Polymorphisms were identified by the actions of REs; the presence or
absence of polymorphisms is determined from the products generated during digestion.
The genotypes were analyzed by electrophoresis in 6% polyacrylamide gel stained with
0.5% silver nitrate or GelRed® (Biotium) [35, 43-47]. The PCR primers, their references,
the optimal conditions for PCR, the REs, digestion time, SNP localization and size of the
original and cleaved fragments are provided in Table 1.
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Statistical Analysis

The data were categorized and organized into a database to allow analysis. Data
normality was assessed using the Kolmogorov-Smirnov test. Relationships between
variables were measured using the chi-square test, Fisher's exact test, Mann-Whitney U
test and Student’s t-test, adopting a p-value of 0.05, in SPSS version 20.0 (IBM, New
York, USA). For Hardy-Weinberg equilibrium analysis, the Court Lab-HW calculator
(Seattle Pacific University, Washington, USA) was used. Binary logistic regression
analyses (univariate and multiple) were also performed, with variable selection performed
with the stepwise-backward technique, in R version 3.4.2 (The R Foundation, St. Louis,
Missouri, USA), for the outcome “oral mucositis.” Patients were divided into two groups:
“1” with oral mucositis and “0” without oral mucositis. All independent variables
evaluated in the present study were analyzed sequentially by univariate logistic
regression, and those with p-values at the 0.30 level were included together in a multiple
logistic regression model. The multiple logistic regression model was fit to the 5%
significance level by the stepwise-backward method. Subsequently, the fit of the multiple
logistic regression model was determined by obtaining the receiver operating

characteristic (ROC) curve.

RESULTS

The demographic and clinical data of the study sample are provided in Table 2.
Of a total of 64 patients, 56.25% (n = 36) were male, with a median age of 9 years
(minimum 3 and maximum 19 years). Among the diagnosed cases of leukemia, ALL was
the most common (82.82%). Regarding the condition of the oral mucosa after
chemotherapy involving MTX, 65.63% (n = 42) of patients developed mucositis, and
61.91% (n = 26) presented with severe mucositis.

The hematological and biochemical data are provided in Table 3. The groups with
and without mucositis were compared; there were no differences in platelet (mm3) (p =
0.074), hemoglobin (g/dl) (p = 0.520), urea (mg/dl) (p = 0.871), and creatinine (mg/dl) (p
= 0.420) levels or the urea/creatinine ratio (mg/dl) (p = 0.577); however, there was a
difference in white blood cell count (mm3) (p = 0.013).

The mucositis severity data, compared with other parameters, are presented in
Figure 1. Differences were observed between the groups in regard to the variables age

and leukocyte count. There was a higher frequency of severe mucositis in children
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between 5 and 10 years of age, and the predominant age of the patients in the
mild/moderate group was 15 to 19 years old (p = 0.029). That is, when comparing the age
range of both groups, severe mucositis occurred in younger patients. In addition, the
number of leukocytes in individuals who developed the most severe form of the disease
was lower than that in individuals who presented a mild or moderate form (p = 0.038).

The allelic frequencies of four genes were balanced according to Hardy-Weinberg
equilibrium (HWE): C677T (rs1801133), p = 0.47; C-24T (rs717620) p = 0.07; G34A
(rs2231137) p = 0.59; and C421A (rs2231142) p = 0.54. However, C-149T
(rs242424913), in the DNMT3B gene, showed an equilibrium lower than 5% (p = 0.0023)
due to the prevalence of individuals with the CT genotype (n = 32, 76.2%) in the group
of patients with mucositis, which generated an HWE of p = 0.0006 in this group. The
polymorphism data are provided in Table 4.

The non-rare C allele was the most frequent in the entire population for the
MTHFR, DNMT3B and ABCC2 genes, and no differences were detected between the
groups. For the ABCG2 gene (rs2231137), the non-rare G allele was also the most
frequent in the entire population. For the ABCG2 gene (rs2231142), the rare A allele was
more frequent in individuals with mucositis (10.7%) than in individuals without mucositis
(0%). Likewise, the CA genotype was more frequent in individuals with mucositis
(22.5%) than in individuals without mucositis (0%). Thus, an association was identified
between the C421A polymorphism (rs2231142), in the ABCG2 gene, and the incidence
of oral mucositis (p = 0.022), with the presence of the A allele being indicative of this
association (RR =8.33; CI =0.09 - 0.47; p = 0.024).

According to the generated logistic regression model (Table 5), it is inferred that
both female sex and higher platelet count constitute protective factors against oral
mucositis and that being female reduces the odds of a patient having oral mucositis by
1.61-fold compared to being male. In addition, at each increase of 10,000 platelets, the
odds of a patient having oral mucositis are reduced by 1.05-fold.

A ROC curve was generated for the fitted model presented in Table 5. The
accuracy of patient classification regarding oral mucositis, based on the variables sex and
platelet count, was 72.40%, and the positive and negative predictive values were 44.40%

and 18.90%, respectively.
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DISCUSSION

Oral mucositis is one of the most common adverse reactions (46% to 70%) in
pediatric patients undergoing chemotherapy protocols involving MTX due to the high
proliferative capacity of the mucosa [2, 6]. An increase in the severity of this
inflammation may compromise the course of anticancer treatment, requiring its pause,
and negatively affect the quality of life of these children and adolescents [8-10].

This adverse reaction is commonly observed at HNL [11], drawing the attention
of researchers seeking to better understand the genetic aspects involved in the
development of chemo-induced oral mucositis in children and adolescents. The genes
chosen have some relationship with the metabolism of MTX, the main therapeutic
resource in the treatment of leukemias, which are the most frequent cancers observed in
the juvenile population [35, 43-46].

MTX inhibits the exponential proliferation of malignant cells; however, it does
not restrict its action to only those cells and acts on healthy tissue with a high proliferative
capacity. As the oral mucosa exhibits high proliferation, it is affected by the use of this
chemotherapeutic agent, and the tissue response to this stimulus allows the development
of mucositis [9, 48, 49].

Clinical data from the present study showed that the majority of children and
adolescents with leukemia treated with MTX had oral mucositis and that severe mucositis
was the most incident form. These data suggest that the GBTLI protocols used in these
patients have high cytotoxic levels, causing direct therapeutic toxicity to oral mucosa
cells. Because this is the first Brazilian study of this nature, there are differences
compared to previous studies conducted in different countries. In these other studies,
therapeutic protocols different from those developed by the GBTLI are administered for
leukemias, and lower incidences of oral mucositis are observed [12-15, 38, 50-53].

In addition, the use of the modified OAG scale allows a more thorough assessment
of oral parameters, specifically measuring changes in the oral mucosa resulting from
chemotherapy [41]. It is suggested, therefore, that the modified OAG may overestimate
the diagnosis of oral mucositis compared to other scales that evaluate this inflammation
as just another adverse effect of chemotherapy protocols.

It was also observed that the severity of oral mucositis was associated with age
and leukocyte count. Severe mucositis was more frequently identified in younger

individuals. Prior studies have reported that younger individuals have a higher risk of
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developing severe mucositis, suggesting that a high mitotic index in the mucosal cells of
these individuals is a likely factor contributing to the severity of mucositis [1, 39, 54].

Regarding the leukocyte count, patients with severe mucositis had lower counts
than those who did not develop the severe form of the disease. In the pathobiological
model of oral mucositis, severe mucositis is the third stage of disease progression, termed
ulcerative or bacterial. At this stage, there is exposure of connective tissue and contact of
the lesion with opportunistic bacteria, which attempt to invade and spread in the body,
causing systemic infections [1, 2]. Individuals undergoing chemotherapy are already
immunosuppressed and susceptible to opportunistic infections [55]. Therefore, severe
mucositis promotes a reduction in the number of leukocytes by contributing to the entry
of opportunistic microorganisms, which recruit the few defense cells still present in
immunosuppressed individuals [56].

Genetic polymorphism data from the present study showed an association
between the C421A polymorphism (rs2231142) in the ABCG2 gene and the incidence of
oral mucositis. None of the patients without oral mucositis had the rare A allele,
suggesting that the presence of this allele increases the risk of developing oral mucositis
by 8-fold. In addition, the CA genotype was more frequent in individuals with mucositis
and responsible for the association with this inflammation. C421A (rs2231142) results in
the loss of function of the protein encoded by the ABCG2 gene [36, 57]; the
polymorphism causes an amino acid substitution (GIn141Lys), resulting in a structurally
and functionally defective protein [35-37, 44]. Another study showed that the presence
of the rare A allele results in a reduction in protein efflux capacity and consequently in a
greater accumulation of MTX inside cells [18, 58].

There are no data in the literature on the C421A polymorphism (rs2231142)
associated with adverse effects of MTX in children with hematologic tumors; however,
two studies previously performed in adults [3, 59] concluded that there was no association
of this polymorphism with any toxic effect of MTX, especially with regard to oral
mucositis, in opposition to the findings of the present study. In contrast, the
polymorphisms evaluated herein, C677T MTHFR (rs1801133) and C-24T ABCC2
(rs717620), which were not associated with oral mucositis, were analyzed in previous
studies with children and adolescents and showed an association with this inflammation
[14, 15].

The study of genetic polymorphisms is able to identify biomarkers that could be

used as tools for personalized therapy. This, in turn, has been considered an important
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strategy for developing more efficient, inexpensive treatments with fewer adverse events,
in which the treatment dose and duration would be adjusted according to the patient's
response [60]. The effect of genetic polymorphisms on MTX-induced susceptibility to
oral mucositis is still little explored, while the appeal for precision medicine has been
growing significantly [60, 61]. Thus, it is necessary to explore genetic polymorphisms in
the context of oral mucositis in different populations to better understand the molecular
mechanisms involved, contributing to a therapy for which adverse events, such as oral
mucositis, are minimal.

Regarding protective factors against oral mucositis, the logistic regression model
fitted in the present study showed that a higher platelet count is a protective factor against
oral mucositis, i.e., individuals with platelet reduction are at a higher risk of developing
the disease. It is known that the indirect effect of chemotherapy results in bone marrow
suppression, which then leads to a decrease in platelet and leukocyte levels, which in turn
are correlated with the occurrence of oral mucositis [62, 63].

Platelets are anucleate structures, derived from megakaryocytes, produced in the
bone marrow and responsible for hemostasis [64]. Currently, other functions of these
elements have been investigated, such as their role in inflammation [65, 66]. In the
presence of tissue damage, platelets activate and trigger fibrinogen bonds between each
other and with endothelial cells to promote a decrease in tissue damage and tissue repair
[67, 68]. In addition, when activated, platelets trigger a signaling pathway in the immune
system and promote binding with leukocytes in order to quell antigen microorganisms
invasion in the body [69]. It is suggested, therefore, that platelet reduction hinders tissue
repair and exposes the patient to opportunistic infections, thus increasing the
inflammatory response.

Additionally, the logistic regression model generated showed that female sex was
a protective factor against the occurrence of oral mucositis. This indicates that there was
a higher prevalence of oral mucositis among males, which can be explained by a higher
number of boys in the sample. Data from Brazilian epidemiological surveys show a higher
incidence of childhood cancer in males [70]; therefore, the data in the present study
corroborate this finding.

The limitations of this study include the lack of assessing plasma MTX levels, as
we preferred to collect noninvasive saliva samples rather than peripheral blood samples.

It is important to mention that the present study was the first of its kind in the country,
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and our data show an association of genetic, demographic and clinical factors with oral

mucositis resulting from chemotherapy involving MTX for leukemias in children.

CONCLUSIONS

The presence of the C421A ABCG2 polymorphism (rs2231142) increases the
likelihood of oral mucositis. Younger children and adolescents with lower leukocyte
counts are more likely to develop severe oral mucositis. Female patients and each 10,000-

platelet increase are protective factors against the onset of oral mucositis.
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Table 01. PCR-RFLP Characterization.

SNP PRIMERS REF. PCR RE GENOTYPE
MTHER F: 5’-TGA AGG AGA AGG TGT CTG CGG GA-3” [43] Hinf | 198bp (CC)
rs1801133 R: 5-AGG ACG GTG CGG TGA GAG TG-3~ 35x 61°C 30 198pb/175pb/23bp (CT)
175pb/23bp (TT)
DNMT3B F: 5’-TGG CTA CCA GGT CTC CTT GGC C-3’ [45] XmaJ | 230bp (CC)
rs2424913 R: 5-GGT AGC CGG GAA CTC CAC GG-3~ 35x 68,4°C 1’ 230pb/172pb/58bp (CT)
172pb/58bp (TT)
ABCC?2 F: 5-TAAATG GTT GGG ATG AAA GG-3’ [46] Bbs | 301bp (TT)
rs717620 R:5-GCT TTA GAC CAATTG CAC ATC-3" 35x 54°C 307 301pb/188bp/113pb (CT)
188ph/113bp (CC)
ABCG2 F:5-ATG TTG TGA TGG GCA CTC TG-3' [35] Trull 100pb/84bp (CC)
rs2231142 R:5-TGC TGATCATGATGC TTT CAG-3' 35x 50°C 30 100pb/84pb/64ph/36bp (CA)
84pb/64pb/36bp (AA)
ABCG2 F: 5-AAATGT TCA TAG CCAGTT TCT TGG A-3’ [44] BseM | 291bp (GG)
rs2231137 R:5-ACA GTA ATG TCG AAG TTT TTATCG CA-3’ 35x 58°C 30” 291ph/261pb/30bp (GA)
261pb/30bp (AA)

F = forward, R = reverse; REF = reference articles; PCR: number of cycles, temperature and annealing

time; RE = restriction enzyme; bp = base pairs

Table 02. Descriptive analysis of demographic and clinical data of the studied population.

Sex n (%)
Male 36 (56.25%)
Female 28 (43.75%)
Overall 64 (100%)
Age
Mean age (+ standard deviation) 10.81 (+4.98)
Median age (max - min) 09 (3-19)
Basic disease n (%)
Acute Lymphoblastic Leukemia (ALL) 53 (82.82%)
Acute Myeloid Leukemia (AML) 07 (10.93%)
Acute Promyelocytic Leukemia (ALI) 03 (4.68%)
Chronic Myeloid Leukemia (CML) 01 (1.57%)
Overall 64 (100%)
Oral mucosa condition n (%)
With mucositis 42 (65.63%)
Without mucositis 22 (34.37%)
Overall 64 (100%)
Severity of oral mucositis n (%)
With severe oral mucositis 26 (61.91%)
No severe oral mucositis 16 (38.09%)
Overall 42 (100%)
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Table 03. Descriptive analysis of hematological and biochemical parameters of the

studied population (mean + standard deviation).

Hematological and biochemical

parameters With mucositis Without mucositis *p-valor
Hemoglobin (g/dl) 9.1 (x1.91) 10.06 (x2.32) 0.520
Leukocytes (mm3) 4.564.28 (+4.802.02) 13.359.09 (+36.883.54) 0.013
Platelets (mm3) 17.1738.09 (+£13.0640.27) 23.7818.18 (£15.1183.47) 0.074
Urea (mg/dl) 19.09 (+10.27) 16.82 (+6.68) 0.871
Creatinine (mg/dl) 0.46 (£0.18) 0.45 (x0.12) 0.420
Urea/Creatinine Ratio (mg/dl) 44.66 (£26.38) 39.34 (£19.95) 0.577

* Mann-Whitney U test
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Table 04. Association between allelic and genotypic frequency with presence or absence

of mucositis of the studied population.

Gene and SNP

Frequencies

Allelic/ With mucositis ~ Without mucositis  p-value RR HWE
Genotypes n (%) n (%)

MTHFR C677T C 56 (66.7%) 32 (73.0%)

(rs1801133) T 28 (33.3%) 12 (37.0%) p=0.482

(n=64) cC 18 (43.9%) 11 (50.0%) - p=0.47
cT 20 (46.3%) 10 (45.5%)
T 04 (9.8%) 01 (20.0%) p=0.738

DNMT3b C46359T C 44 (52.0%) 24 (55.0%)

(rs2424913) T 40 (48.0%) 20 (45.0%) p=0.815

(n=64) cC 06 (14.3%) 06 (27.0%) - p=0.0023
cT 32 (76.2%) 12 (55.0%)
T 04 (9.5%) 04 (18.0%) p=0.389

ABCC2 C-24T C 72 (88.0%) 36 (82.0%)

(rs717620) T 10 (12.0%) 08 (18.0%) p=0.359

(n=63) cc 33 (79.2%) 15 (68.2%) _ 0=0.07
cT 06 (15.3%) 06 (27.3%)
T 02 (5.5%) 01 (4.5%) p=0.475

ABCG2 G34A G 79 (94.0%) 41 (93.0%)

(rs2231137) A 05 (6.0%) 03 (7.0%) p=0.847

(n=64) GG 37 (88.0%) 19 (86.0%) - p=0.59
GA 05 (12.0%) 03 (14.0%)
AA 0 0 p=0.870

ABCG2 C421A C 75 (89.3%) 44 (100%)

(rs2231142) A 09 (10.7%) 0 p=0.024

(n=64) cC 33 (78.5%) 22 (100%) 8.33 p=0.54
CA 09 (21.5%) 0
AA 0 0 p=0.022*

*Chi-square and Fisher Exact; HWE = Hardy-Weinberg Equilibruim
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Table 05. Logistic regression model adjusted for the outcome “oral mucositis”

Cl195%
Variable p-value OR Error Upper Limit  Lower Limit
Female* 0.021 0.240 0.620 1.455 -0.975
Platelets ** 0.021 0.951 0.022 0.994 0.907

* Reference Category = male. ** With each increase of 10,000 platelets.
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Fig. 1 Differences between variables according to presence or absence of mucositis and
severity of mucositis. a) Age and leukocyte count in patients with mild/moderate oral
mucositis and with severe oral mucositis b) Age and leukocyte count in patients with

oral mucositis and without oral mucositis.
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Genetic changes and methotrexate chemoinduced oral mucositis in pediatric
patients: A systematic review and meta-analysis

ABSTRACT

Objective: To evaluate the association between genetic alterations and the occurrence of
methotrexate chemoinduced oral mucositis in pediatric patients.

Methods: Literature search was performed on five databases, until may/2019.
Observational studies with pediatric patients submitted to chemotherapy with
methotrexate, bearers of any polymorphisms and that presented oral mucositis as the
outcome were selected through the PECO strategy. Quality of methodological approach
was assessed using the Fowkes & Fulton tool (1991).

Results: Two meta-analysis were conducted and the quality of evidence was assessed
with GRADE. Sixty-one studies were found, out of which 9 were considered eligible.
Total sample size was 1775 individuals ranging from 1 to 19 years old with leukemia or
lymphoma. The MTHFR C677T was the most investigated regarding its association to
oral mucositis occurrence. Seven studies presented bias during sample selection. No
associations were observed between polymorphisms and oral mucositis occurrence,
neither in the meta-analysis that included all polymorphisms (RR=1.14; 1>=18%; p=0.22)
nor in the one that included the repeated ones (RR=0.96; 12=20%; p=0.29), which had a
low level of scientific evidence.

Conclusions: There was no association, however, the risk of bias and low quality of
scientific evidence demonstrate the necessity of new studies with greater methodological
rigor.

Key words: Child; Polymorphism, Genetic; Stomatitis
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INTRODUCTION

Chemotherapy-induced oral mucositis is an inflammatory response of the oral
mucosa to the biochemical action of anticancer medications. This condition is more
frequent and severe in children due to the high mitotic activity in this population.
Clinically, it starts with the formation of atrophic erythematous lesions that may evolve
to a swollen and/or ulcerative state, penetrate into the submucosal tissue and frequently
result in bleeding and severe pain (Ribeiro, 2015; Sandoval, Koga, Buloto, Suzuki, &
Lauria, 2003; Santos, Coradini, Ribeiro, & Caldo-Teixeira, 2010; Sonis, 2004; Sonis &
Yuan, 2017).

Single-nucleotide polymorphisms (SNPs) have been referred to as associative
indications of this inflammation, especially in genes related to the metabolism of
methotrexate (MTX). This drug belongs to the class of antifolate metabolites
administered in treatment protocols for leukemias (Bachour & Sonis, 2018; Farias et al.,
2010; Haenisch et al., 2007; Ribeiro et al., 2018; Salimizand, Amini, Abdi, Ghaderi, &
Azadi, 2016; Wu et al., 2015). MTX hinders the production of folate and inhibits DNA
replication, thus reducing epithelial healing and contributing to the development of oral
mucositis (Park & Shin, 2016).

Some genes encode proteins that act directly in the pharmacodynamics of MTX.
MTHFR, for example, encodes the enzyme methylenetetrahydrofolate reductase, which
takes part in the metabolism of folate molecules (Costea, Moghrabi, Laverdiere, Graziani,
& Krajinovic, 2006; Pakakasama et al., 2007). A meta-analysis published in 2012 studied
the association between polymorphisms rs1801133 and rs1801131, both in in MTHFR,
and direct therapeutic toxicity in children and adults with leukemia. This study concluded
that the presence of the T allele was associated to a threefold increase in the chance of
developing oral mucositis (Yang, Hu, & Xu, 2012). Other genes also participate in the
metabolism of MTX and bring about the interest of clinicians and researchers towards
investigating additional polymorphisms that may be associated to the occurrence of this
disease during anticancer therapy.

Another example is the TYMS gene, which encodes thymidylate synthase, an
enzyme involved in DNA replication and repair. A tandem repeat polymorphism
(rs34743033) in TYMS has been proportionally correlated to oral mucositis reduction
(Radtke et al., 2013). However, a recent meta-analysis revoked the association of this

polymorphism with MTX-induced oral mucositis in adults (Oosterom et al., 2018).
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The ABCG2, ABCC2, ABCB1/MDR1 genetic sequences encode membrane
transporters involved in cellular drug efflux (Borst & Elferink, 2002; Gottesman, Fojo, &
Bates, 2002); while SLC19A1 encodes membrane proteins related to folate transport
(Zhao, Diop-Bove, Visentin, & Goldman, 2011). Studies have demonstrated that
polymorphisms in these genes are also associated to the occurrence of chemotherapy-
induced oral mucositis (Aplenc et al., 2005; Bektas-Kayhan et al., 2013; Gutierrez-
Camino, Oosterom, Den Hoed, et al., 2017; S.-G. Liu et al., 2017; Y. Liu et al., 2014a;
Radtke et al., 2013; Shimasaki et al., 2006; Tantawy et al., 2010; Fausto Zaruma-Torres
etal., 2015).

Additional factors such as direct therapeutic toxicity, physical and clinical
conditions, cancer type and demographic profile have been studied and associated to
mucositis occurrence. However, few studies investigated the genetic alterations
associated to the disease in children and adolescents, and results are not necessarily
convergent (Damascena et al., 2018; Ribeiro, Limeira, de Castro, Bonan, & Valenga,
2017). Also, systematic reviews about genetic polymorphisms and oral mucositis in
patients submitted to chemotherapy treatment usually focus on a single gene in adult
populations. Therefore, an evidence review about the effect of genetic polymorphisms on
oral mucositis occurrence in children who experience chemotherapy is necessary.

To that end, this study aimed to investigate the relation between genetic
polymorphisms and the occurrence of oral mucositis in pediatric patients submitted to

chemotherapy protocols involving MTX.

MATERIALS AND METHODS

A literature systematic review previously registered in the PROSPERO database
(CRD42018110235) was conducted following the PECO strategy, which aimed to
respond the question: “Children with genetic polymorphisms have higher probability of
developing oral mucositis after chemotherapy with MTX?”. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were respected
and directed this systematic review with meta-analysis.

Bibliographic searches were performed in six databases: PubMed, Scopus, Lilacs,
Cochrane, Web of Science and Open Grey. MeSH terms and their synonyms were applied
for the construction of search strategies, according to the syntax of each bibliographic
base (Table 1). Searches were carried out until may of 2019, without language or

publication date restrictions. A reference manager software (Mendeley Desktop) was
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used for duplicate removal as well as title and abstract screening. Studies with animals,
case reports, observational studies with adults and clinical studies that did not have oral
mucositis as the outcome were excluded.

The search followed the PECO strategy, collecting observational studies that
included children and/or adolescents submitted to chemotherapy with MTX (P), bearing
any genetic polymorphisms (E), compared to individuals without polymorphisms (C) in
order to determine association with oral mucositis (O). To identify such association, the
included studies should present statistical analysis and measures of association such as
odds ratio (OR) or relative risk (RR).

Two reviewers (JMCVF and HVD) independently performed bibliographic
searches as well as title and abstract screening, in order to identify potentially eligible
studies. Studies that fit the inclusion criteria underwent full-text screening, as well as the
ones in which title/abstract were not sufficient to confirm the eligibility criteria. Full-text
screening also occurred independently. Queries concerning study eligibility were settled
through consensus or discussion with a third reviser (BMS).

Two reviewers (JMCVF and HVD) extracted and tabulated the studies’ data
concerning authors, year of publication, country, study design, participants details (age,
number of participants in case and control groups, and sample source), study methods
(evaluation criteria and follow-up period) and main results (measures of association and
p values). Authors were contacted through e-mail whenever any information was not
clear. When there was no response, the study would not be included in the meta-analysis.

Quality of methodological approach and risk of bias of the included studies were
evaluated according to the recommendations described by Fowkes and Fulton (1991)
(Fowkes F & Fulton P, 1991), considering the following aspects: study design, sample
representativeness, validity, reproducibility, distorting influences and participant loss.
The reviewers assessed the studies independently according to the guidelines of the tool’s
original reference (Fowkes F & Fulton P, 1991). Sample size and selection as well as
study instruments were considered fundamental aspects for quality assessment of the
included studies. Control group definition and participant blindness were not considered
key factors to determine each study’s methodological quality. A qualitative summary was
made taking into account all items from the checklist, according to the following
categories: major problem (++), minor problem (+), no problem (0) and not applicable
(NA). In cases of divergence between the examiners, a third researcher performed the

same evaluation and proposed a consensus (BMS). Finally, study quality was summarized
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considering possible impairment due to bias, confounding variables and/or likelihood that
results occurred by chance. When the studies did not present necessary information or
were incomplete, an attempt of contact with the authors was made through e-mail and
response was awaited for a 5-week period.

Data were assessed quantitatively using the Review Manager software (Review
Manager v. 5.2, The Cochrane Collaboration; Copenhagen, Denmark) aiming to evaluate
the association between the presence of genetic polymorphisms and oral mucositis
occurrence. Two meta-analysis were carried out: one with all polymorphisms that were
found and another with the polymorphisms that were repeated amongst the studies. Only
bias-free studies were included in both meta-analysis.

Heterogeneity was measured with the 12 index and sensitivity analysis were
performed to estimate and verify each studies’ influence, one by one, in the subgroups’
and grouped results when heterogeneity was substantial or considerable (50 to 100%)
(Ryan & Group, 2013). The random effect model was applied since the studies were not
functionally equivalent.

Certainty of evidence was assessed according to the Grading of Recommendations
Assessment, Development and Evaluation system (GRADE), which ranks the quality of
evidence and strength of recommendations as foundations for decision-making. This
classification is carried out in four levels representing result consistency and precision:
high, moderate, low and very low, (Guyatt, Oxman, Kunz, Vist, & Falck-Ytter, Y
Schunemann, 2008). Observational studies begin this evaluation with low quality and
certainty of evidence. If problems concerning risk of bias, inconsistency, indirect
evidence, imprecision, publication bias and possible confounding factors are identified,

the certainty of evidence for these studies is considered very low.

RESULTS

Initially, 61 potentially eligible registers were found, followed by removal of 8
duplicates. After title and abstract screening, 35 studies were excluded for not presenting
the desired outcome. Eighteen studies were analyzed in full-text screening, out of which
9 were excluded: two were systematic reviews, four did not use MTX and three did not
present only children and/or adolescents in their samples (Figure 1). The nine remaining
studies (Aplenc et al., 2005; Bektas-Kayhan et al., 2013; Gutierrez-Camino, Oosterom,
Den Hoed, et al., 2017; S.-G. Liu et al., 2017; Y. Liu et al., 2014a; Radtke et al., 2013;
Shimasaki et al., 2006; Tantawy et al., 2010; Fausto Zaruma-Torres et al., 2015) were
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submitted to data extraction and quality assessment (Table 2), according to Fowkes &
Fulton (1991) (Fowkes F & Fulton P, 1991) for methodological rigor and risk of bias
evaluations (Table 2).

Studies were from China, EUA, Germany, Turkey, the Netherlands, Mexico,
Japan and Egypt. Considering all 9 studies, the total number of patients was 1775 children
aged from 1 to 19 years old, with Acute Lymphoblastic Leukemia (LLA) (Aplenc et al.,
2005; Bektas-Kayhan et al., 2013; Gutierrez-Camino, Oosterom, Den Hoed, et al., 2017;
S.-G. Liu et al., 2017; Y. Liu et al., 2014a; Radtke et al., 2013; Shimasaki et al., 2006;
Tantawy et al., 2010; Fausto Zaruma-Torres et al., 2015) or lymphoma (Shimasaki et al.,
2006). In total, 8 studies were cohorts and one was a case-control study (Aplenc et al.,
2005).

During the assessment of methodological quality for the selected studies, seven of
them (Bektas-Kayhan et al., 2013; Gutierrez-Camino, Oosterom, Den Hoed, et al., 2017;
S.-G. Liuetal.,, 2017; Y. Liu et al., 2014a; Shimasaki et al., 2006; Tantawy et al., 2010;
Fausto Zaruma-Torres et al., 2015) indicated risk of bias in their sample selection for
groups with and without mucositis. Although the studies present risks in their selection
process, their results were trustworthy and did not compromise their initial proposal.
Therefore, all studies were deemed methodologically admissible according to the used
qualifier.

Twenty-nine polymorphisms were found in different genes related to proteins that
take part in the pharmacodynamics of MTX and MTHFR C677T was the most
investigated one. The genotyping techniques consisted of real-time PCR, PCR-RFLP,
sequencing and Sequenom MassARRAY. Scales from the National Cancer Institute
(NCI), Common Terminology Criteria for Adverse Events (CTCAE), World Health
Organization (WHO) and Children’s Cancer Group (CCG) were applied for mucositis
diagnosis (Table 3). Associations were found between polymorphisms miR-1206
rs2114358, ABCC2 rs717620, TYMS rs34743033, MDR1 rs1045642, MTHFR rs1801133
and occurrence of oral mucositis (Table 3).

From all of the evaluated children, 1276 were classified for oral mucositis
occurrence without considering disease severity. Also, among the studied individuals, a
frequency of 16,5% (n=210) was observed for mucositis.

All studies (Aplenc et al., 2005; Bektas-Kayhan et al., 2013; Gutierrez-Camino,
Oosterom, Den Hoed, et al., 2017; S.-G. Liu et al., 2017; Y. Liu et al., 2014a; Radtke et
al., 2013; Shimasaki et al., 2006; Tantawy et al., 2010; Fausto Zaruma-Torres et al., 2015)
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that contained information on the polymorphisms’ genotypic frequency associated to the
occurrence of oral mucositis were elected for the meta-analysis, aiming to verify if these
genetic variations are associated to the development of the outcome (Figure 2).

Six studies (Bektas-Kayhan et al., 2013; Gutierrez-Camino, Oosterom, Den Hoed,
et al., 2017; S.-G. Liu et al., 2017; Y. Liu et al., 2014a; Tantawy et al., 2010; Fausto
Zaruma-Torres et al., 2015) were included in the meta-analysis (Figure 2A), presenting
investigations on 25 polymorphisms and their relation to mucositis appearance.
Therefore, the analysis considered the number of children bearing or not the
polymorphisms while presenting or not the outcome.

In general, polymorphisms are not related to the occurrence of oral mucositis
(RR=1.14; 1C=0.97-1.35; p=0,22; 1>=18%). Only one study demonstrated an association
between a polymorphism (rs717620) and the disease (Y. Liu et al., 2014a). This SNP
encodes a mutated ABCC2 membrane transporter, causing a twofold increase in the risk
of stomatits occurrence among children and adolescents who bear the genetic variant
when compared to those without the polymorphism (RR=2.23; 1C=1.36-3.64).

Aiming to evaluate the isolated relative risk of these genetic alterations in the
appearance of the outcome, studies that investigated repeated polymorphisms (Figure 2B)
were grouped for a second meta-analysis. Once more, no associations between presence
of polymorphisms and oral mucositis occurrence were observed (RR=0.96; 1C=0.68-
1.36; p=0.29) (Figure 2A).

GRADE results (Figure 3) showed inconsistency problems in the meta-analysis
involving all studies as well as imprecision problems in the meta-analysis with repeated
polymorphisms, culminating in a very low level of scientific evidence for the primary

studies.

DISCUSSION

This study investigated the relation between genetic polymorphisms of sequences
involved in MTX metabolism and oral mucositis occurrence in pediatric patients with
leukemia or lymphoma.

From 2005 to 2017, studies evaluating the association of different polymorphisms
to the occurrence of MTX-induced oral mucositis in pediatric patients were published.
The genes analyzed in such studies encode proteins that metabolize MTX, including
ABCB1, ABCG2, ABCC5, ABCC2, ABCC4, CNOT4, miR-1206, miR-2053, MTHFR,
TYMS, RFC1, SLC19A1, SLCO1B1 and XO (Aplenc et al., 2005; Bektas-Kayhan et al.,
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2013; Gutierrez-Camino, Oosterom, den Hoed, et al., 2017; S.-G. Liu et al., 2017; Y. Liu
etal., 2014b; Radtke et al., 2013; Shimasaki et al., 2006; Tantawy et al., 2010; F Zaruma-
Torres et al., 2015).

Although some primary studies found an association between the investigated
polymorphism (miR-1206 rs2114358, ABCC2 rs717620, TYMS rs34743033, MDR1
rs1045642, MTHFR rs1801133) and disease occurrence, no associations were observed
in the meta-analysis that included all polymorphisms nor in the one including only the
repeated genetic variants (ABCB1 rs1128503 and rs1045642) (Bektas-Kayhan et al.,
2013; S.-G. Liu et al., 2017; F Zaruma-Torres et al., 2015).

These results demonstrate that the investigated polymorphisms did not have a
clinically significant effect on oral mucositis occurrence. However, these genetic
alterations might explain risk prediction for the disease’s development (Bachour & Sonis,
2018; Sonis & Yuan, 2017); thus, new studies are encouraged, focusing on the
investigation of other genomic loci.

Different mucositis grading scales were used (NCI, CTCAE, WHO and CCG) for
ranking of disease progression. There was no convergence concerning these scales
amongst the studies that correlated polymorphism presence to disease occurrence. Some
studies (Bektas-Kayhan et al., 2013; Y. Liu et al., 2014a; Radtke et al., 2013; Shimasaki
et al., 2006; Fausto Zaruma-Torres et al., 2015) consider presence of oral mucositis since
its lightest forms, which corresponds to erythematous lesions with low levels of pain (2,
38) (scores > 1). On the other hand, other studies (Aplenc et al., 2005; Gutierrez-Camino,
Oosterom, Den Hoed, et al., 2017; S.-G. Liu et al., 2017; Tantawy et al., 2010) only
classify the more severe states of mucosal inflammation as oral mucositis, with presence
of confluent ulcerative lesions, pain and bleeding (Sonis, 2004; Villa & Sonis, 2015)
(scores > 3).

This may have influenced the meta-analysis’ results since 4 studies (Aplenc et al.,
2005; Gutierrez-Camino, Oosterom, Den Hoed, et al., 2017; S.-G. Liu et al., 2017;
Tantawy et al., 2010) evaluated the association of polymorphisms with only the severe
form of the disease, underestimating the fact that early stages of mucositis development
also correspond to cytotoxic effects of chemotherapy treatment (Bachour & Sonis, 2018)
and should be accounted for in associative analysis.

For future studies, it is suggested that associative analysis with polymorphisms

also include the initial states of oral mucositis since these may be indicate a decrease in
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enzymatic activity due to polymorphic alteration. Therefore, oral mucositis classifications
ranging from the lightest to the most severe stages should be accounted for.

Methodological issues also might explain the findings in this study. The absence
of some results in primary studies, such as the genotyping of polymorphisms non-related
to oral mucositis or even the subgrouped genotypic frequencies in relation to the outcome
(Aplenc et al., 2005; Y. Liu et al., 2014a; Radtke et al., 2013; Shimasaki et al., 2006;
Tantawy et al., 2010) interfered with the execution of both meta-analysis.

It is suggested for primary studies to include a description of the observed
genotypic frequencies in each group (with and without oral mucositis) so that it is possible
to evaluate the effect of each genotype in the association with the outcome and in
inflammation severity.

The GRADE evaluation began with a low level of certainty of evidence since
observational studies were included (Villa & Sonis, 2015). This certainty was reduced
even more when inconsistency problems were detected in the meta-analysis involving all
the polymorphisms due to the overlapping of confidence intervals in the effect estimate.
Thus, it was observed a statistically equivalent distribution of patients, healthy ones and
those presenting the disease, in both groups with and without the polymorphism.

In relation to imprecision, the certainty of evidence of the subgrouped meta-
analysis (ABCBL1 gene) was lowered since the effect size was based in a relatively small
number of events. The ideal number, in this case, would be at least 300 individuals per
subgroup, using the effect size’s absolute value (relative risk — RR) and the 95%
confidence interval obtained in the subgrouped meta-analysis for ABCB1.

Therefore, the quality assessments of scientific evidence were considered very
low since the observational studies presented limited effect estimate of their own results
and the observed effect size for a sample size was far from the needed amount.
Nevertheless, the absence of association demonstrated in this study should be carefully
evaluated. Better-designed primary studies are necessary to increase the certainty of
evidence and corroborate the findings of this meta-analysis.

In summary, it is important to emphasize that primary studies presenting distinct
populations, each one submitted to evaluation with different clinical instruments and
methodological approaches, were grouped in this study in order to answer one research
question. Hence, future studies should be conducted in a more homogeneous and rigorous

way when it comes to methodological execution in the interest of presenting more
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consistent and strict results concerning the association of genetic polymorphisms to

chemotherapy-induced oral mucositis occurrence in children and adolescents.

CONCLUSIONS

There is no association between genetic polymorphisms of genes that encode
proteins involved in methotrexate pharmacodynamics and occurrence of oral mucositis
in children and/or adolescents. However, this result reveals the need for primary studies
of higher methodological quality when it comes to both sample selection and effect

estimation of their findings.
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Table 1. Search Keys

PUBMED (((((((((child[MeSH Terms]) OR child, preschool[MeSH Terms]) OR infant[MeSH
Terms]) OR child[Title/Abstract]) OR children[Title/Abstract]) OR preschool
child[Title/Abstract]) OR Preschool Children[Title/Abstract]) OR
infant[Title/Abstract]) OR infants[Title/Abstract]) AND  (((Polymorphism,
Genetic[MeSH Terms]) OR genetic polymorphism[Title/Abstract]) OR Genetic
Polymorphisms[Title/Abstract])) AND  (((((((((StomatitisfMeSH Terms]) OR
Stomatitis[ Title/Abstract]) OR Stomatitides[Title/Abstract]) OR Oral
Mucositis[Title/Abstract]) OR Oral Mucositides[Title/Abstract]) OR Oromucositis)
OR Oromucositides))

SCOPUS TITLE-ABS-KEY(“child” OR “child, preschool” OR “infant” OR “children” OR
“preschool child” OR “Preschool Children” OR “infants”) AND TITLE-ABS-
KEY(“Polymorphism, Genetic” OR “genetic polymorphism” OR “Genetic
Polymorphisms™) AND TITLE-ABS-KEY (“Stomatitis” OR “Stomatitides” OR “Oral
Mucositis” OR “Oral Mucositides” OR “Oromucositis” OR “Oromucositides™)

WEB OF TS=(“child” OR “child, preschool” OR “infant” OR “children” OR “preschool child”

SCIENCE OR “Preschool Children” OR “infants”) AND TS=(“Polymorphism, Genetic” OR
“genetic polymorphism” OR “Genetic Polymorphisms”) AND TS=(“Stomatitis” OR
“Stomatitides” OR “Oral Mucositis” OR “Oral Mucositides” OR “Oromucositis” OR
“Oromucositides™)

COCHRANE ID Search Hits
#1 MeSH descriptor: [Child] explode all trees 1409
#2 child* 133052
#3 MeSH descriptor: [Child, Preschool] explode all trees 491
#4 preschool child* 33905
#5 MeSH descriptor: [Infant] explode all trees 15022
#6 infant* 51357
#7 #lor#2or#3or#dor#50r#6 149277
#8 MeSH descriptor: [] explode all trees 0
#9 Drug Therpy* 3
#10 MeSH descriptor: [Drug Therapy] explode all trees 132117
#11 Chemotherap* 58435
#12 Pharmacotherap* 9389
#13 #8 OR #9 OR #10 OR #11 OR #12179098
#14 MeSH descriptor: [Polymorphism, Genetic] explode all trees 3000
#15 Genetic Polymorphism* 5361
#16 #14 or #15 5861
#17 MeSH descriptor: [Stomatitis] explode all trees 943
#18 Stomatiti* 3105
#19 Oral mucositi* 1905
#20 Oromucositi* 1
#21 #17 or #18 or #19 or #20 4486
#22 #7 and #13 and #16 and #21 0

LILACS (tw:((mh:(child)) OR (mh:("child, preschool™)) OR (mh:( infant)) OR (tw:(child))

OR (tw:(children)) OR (tw:(preschool child)) OR (tw:(preschool children)) OR
(tw:(infant)) OR (tw:(infants)))) AND (tw:((mh:(drug terapy)) OR (tw:(Drug
Therp*)) OR (tw:(Chemotherap*)) OR (tw:(Pharmacotherap*)))) AND
(tw:((mh:(Polymorphism, Genetic)) OR (tw:(genetic polymorphism*)))) AND
(tw:((mh:(Stomatitis)) OR (tw:(Stomatiti*)) OR (tw:(Oral Mucositi*)) OR
(tw:(Oromucositi*))))
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OPEN GREY

(child OR "child, preschool” OR infant OR child OR children OR preschool child
OR preschool children OR infant OR infants) AND (drug terapy OR Drug Therp*
OR Chemotherap* OR Pharmacotherap*) AND (Polymorphism, Genetic OR genetic
polymorphism*) AND (Stomatitis OR Stomatiti* OR Oral Mucositi* OR
Oromucositi*)
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Table 2. Quality assessment according to Folkes & Fulton (1991)

Guideline Checklist Gutierrez-Camino et al, 2017 Liuelal, 2017  Torres et al, 2015 LiuYanetal, 2014  Radtkeetal 2013 Bektasetal, 2011  Tantawy et al, 2010 Shimasaki et al, 2006 ~ Aplenc et al, 2005
Study deygn Cross-sectional NA NA NA NA NA NA NA NA NA
appropriate? (prevalence)

Cohort (prognosis) NA NA NA NA NA NA NA NA NA
Controlled Trial NA NA NA NA NA NA NA NA NA
(treatment)
Cohort, case-control,
cross-sectional 0 0 0 0 0 0 0 0 0
(cause)
Study sample
representative? Source of sample 0 0 0 0 0 0 0 0 0
Sampling method 0 0 0 0 0 0 0 0 0
Sample size + + + + 0 + + + 0
Entry crlt&_zrla and 0 . 0 0 0 0 0 + 0
exclusions
Control group Definition of control 0 0 0 + + 0 + + +
acceptable?
Source of control + + + + + 0 + + 0
Matc"”;g{;ﬁ”d"m'z NA NA NA NA NA NA NA NA NA
Compare_lbl_e + + + + + 0 + + +
characteristics

Quiality of

measurements Validity 0 0 0 0 0 0 0 0 0
and outcomes?
Reproducibility 0 0 0 0 0 0 0 0 0
Blindness NA NA NA NA NA NA NA NA NA
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Quality control 0 0 0 0 0 0 0 0 0
Completeness? Compliance 0 0 0 + + 0 + + +
Drop out 0 0 0 0 0 0 0 + 0
Death 0 0 0 0 0 0 0 0 0
Missing data 0 0 0 + + 0 0 0 0
Distorting Extraneous NA NA NA NA NA NA NA NA NA
influence? treatments
Contamination NA NA NA NA NA NA NA NA NA
Changes over time 0 0 0 0 0 0 0 0 0
Confounding factors 0 0 0 0 0 0 0 0 0
Distortion reduced 0 0 0 0 0 0 0 0 0
by analysis
Bias — Are the
Summary results erroneously NO NO NO NO NO NO NO NO NO
questions biased in a certain
direction?
Confounding — Are
there any serious
confounding or NO NO NO NO NO NO NO NO NO
other distorting
influences?
Chance - Is it likely
that the results NO NO NO NO NO NO NO NO NO

occurred by chance?
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Table 3. Descriptive Data Extraction

GEOGRAPHIC TYPEOF OVERALL ANALYSIS METHOD RESULTS
AUTHOR LOCATION STUDY SAMPLE POLYMORPHISMS (Polymorphism / Mucositis) (p/OR/IC) CONCLUSION
Gutierrez- Netherlands Coorte 117 1. CNOT4 rs3812265; PCR em tempo real / 1. CNOT4: 0.45/0.69/0.27-1.80 Association between
Camino et al, 2. miR-1206 rs2114358; NCI>3 2. miR-1206: 0.02/3.58/1.12-11.46 occurrence of oral mucositis
2017 3. miR-2053 rs10505168 3. miR-2053: 0.12/2.50/0.76-8.24 and miR-1206 polymorphism
Liuetal, 2017 China Coorte 322 4. SLCO1B1 rs11045879; Sequenom MassARRAY / 4. SLCO1B1: 0.86/0.92/0.36-2.33 There was no association
5. SLCO1B1 rs4149056; NCI>3 5. SLCO1B1: 0.99/0/0 between oral mucositis and the
6. SLCO1B1 rs2306283; 6. SLCO1B1: 0.48/1.28/0.64-3.00 polymorphisms studied.
7.SLCO1B1 rs10841753; 7.SLCO1B1: 0.99/0.99/0.33-3.00
8. SLC19A1 rs1051266; 8. SLC19A1: 0.43/0.70/0.29-1.67
9. SLC19A1 rs3788200; 9. SLC19A1: 0.45/0.71/0.30-1.70
10. SLC19A1 rs1131596; 10. SLC19A1: 0.67/0.85/0.40-1.79
11. SLC19A1 rs2838958; 11. SLC19A1: 0.75/0.88/0.41-1.90
12. ABCB1 rs1128503; 12. ABCBL1: 0.054/2.01/0.99-4.10
13. ABCB1 rs1045642; 13. ABCBL1: 0.93/0.97/.048-1.96
14. ABCG2 rs2231137 14. ABCG2: 0.43/1.51/0.54-4.21
Torres et al, 2015 Mexico Coorte 35 15. ABCB1 rs1128503; PCR em tempo real / 15. ABCB1: 0.22/2.25/0.39-12.97 There was no association
16. ABCC5 rs3792585; NCI>1 16. ABCC5: 0.13/0.31/0.05-1.76 between oral mucositis and the
17. ABCC5 rs9838667; 17. ABCC5: 0.049/0.24/0.05-1.06 polymorphisms studied.
18. XO rs1701368; 18. X0:0.16/4.12/0.44/38-52
19. XO rs17323235 19. XO: 0.14/2.67/0.57-12.56
Liu Yan et al, China Coorte 112 20. ABCC2 rs717620; PCR + Sequenciamento / 20. ABCC2: <0.01/9.00;2.11-38.35 Polymorphism is associated
2014 21. ABCC2 rs3740065; CTCAE>1 with the onset of oral
22. ABCC4 rs9516519; mucositis and its severe form
23. ABCC4 rs868853;
25. ABCC4 rs2274407;
26. ABCG2 rs2231137
Radtke et al, 2013 Germany Coorte 499 27. SLCO1B1 rs4149056; PCR + Sequenciamento / 33. TYMS: 0.009/-0084-0.12 Polymorphism (3 */ * 3)

28.SLCO1B1
rs11045879
29. SLCO1B1 rs2306283;
30. ABCC2 rs717620;
31. MTHFR rs1801131;
32. MTHFR rs1801133;

NCI>1

B=-0.48; R?=0.018

correlates with reduction of
oral mucositis in the studied
population.
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33. TYMS rs34743033

Bektas et al, 2011

Turkey

Coorte

115

34. MDR1 rs1045642

PCR-RFLP /
WHO=>1

34. MDR1: 0.042/0.17/0.03-0.94

Individuals with CT genotype
are more susceptible to the
development of oral mucositis

Tantawy et al,
2010

Egypt

Coorte

40

35. MTHFR rs1801133;
36. MTHFR rs1801131

PCR-RFLP /
NCI=3

35. MTHFR: 0.0001

TT genotype is associated with
the appearance of oral
mucositis in relation to CC

Shimasaki et al,
2006

Japan

Coorte

15

37. MTHFR rs1801133;
38. RFC1rs1051266

PCR + Sequenciamento /
NCI>2

37. MTHFR: 0.432/2.052
38. RFC1: 0.171/0.301

There was no association
between oral mucositis and the
polymorphisms studied.

Aplenc et al, 2005

USA

Case control

520

39. MTHFR rs1801133;
40. MTHFR rs1801131

PCR-RFLP /
CCG=3

39. MTHFR: 0.55/1.32

There was no association
between oral mucositis and the
polymorphisms studied.

Some polymorphisms are studied by more than one study: rs11045879 (4 and 28), rs4149056 (5 and 27), rs1128503 (12 and 15), rs1045642 (13 and 34), rs2231137 (14 and 26), rs717620 (20

and 30 ), rs1801133 (32, 35, 37 and 39) and rs1801131 (31, 36, and 40).
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)

Identification

PUBMED SCOPUS Web of Science Cochrane
{n=25) (n=29) n=1) {n=0]

(n =6) (h=0)

LILACS OPEN GREY

Screening

][ Eligibility J [

Included

| | | |

| |

(n=81)

Records identified from databaszes

!

Records after duplicates removed
{n =53]

l

(n=18)

L

Full-text articles assessed for eligibility

Records screened through title and abstract reading I

Records excluded
{n=35]

- They did not present oral
mucositis chemoinduced as an
outcome or were not
observational studies

in=9)

l

Studies included in qualitative
synthesis
{n=5)

¥

Studies included in quantitative
synthesis (meta-analysis)
n=7)

L 4

Full-text articles excluded,
with reasons
{n=9)

- 2 metanalysis;

-4 did not use MTX;

-3 samples were mnot
children.

Figure 1. Prism diagram containing the article selection flowchart
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A - Florest plot wit the association between genetic polymorphisms aid oral mucositis

No Polymorphism  Polymorphism Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bektas etal, 2011 - MDR1 rs1045642 a0 35 7 11 4.9% 1.35[0.84, 2.19] 7
Gutierrez-Camino et al, 2017 - CNOTS rs3812265 8 51 14 66 56% 0.741[0.34,1.63] —
Gutierrez-Camino et al, 2017 - miR-1206 rs2114358 18 av 4 ki 2.6% 1.81 [0.66, 4.97]
Gutierrez-Camino et al, 2017 - miR-20583 rs105051 68 12 a6 10 61 4.4% 1.31 [0.61, 2.79] S e —
Liu eltl, 2017 - SLCO1B1 rs11045879 32 258 [ 52 456% 1.07 [0.47, 2.44] I —
Liu eltl, 2017 - SLCO1B1 rs4149056 38 308 0 6 0.5% 1.74[012 2563 * *
Liuetal, 2017 - ABCE1 rs1045642 24 187 14 118 8.1% 1.03 [0.55,1.91] S —
Liuetal, 2017 - ABCE1 rs1128503 7 38 3 274 3.8% 1.63[0.77, 3.44] T
Liuetal, 2017 - ABCG2 rs2231137 33 282 ] 0 4% 0.70[0.30, 1.66] e E—
Liuetal, 2017 - SLC159A1 rs1051 266 kil 237 7 T3 5.0% 1.36 [0.63, 2.97] I R —
Liuetal, 2017 - SLC159A1 51131596 27 25 11 101 B.9% 1.15[0.60, 2.23] e e —
Liu et al, 2017 - SLC19AT 52838958 28 223 10 89  B.E% 112057, 2.20] S E—
Liu etal, 2017 - SLC19A1 re3788200 N 240 7 73 50% 1.35[0.62, 2.93] R
Liuetal, 2017 - SLCO1B1 rs10841753 34 279 4 33 3.3% 1.01 [0.38, 2.66] —
Liuetal, 2017 - SLCO1B1 rs2306283 15 138 23 170 9.5% 0.80[0.44, 1.48] L
Liuan etal, 2014 - ABCCZ rs717620 52 74 12 3|/ TA% 2.2311.36, 3.64] E—
Tantawy etal, 2010 - MTHFR rs1801131 B 16 9 24 3.3% 1.00 [0.44, 2.26] —
Tantawy etal, 2010 - MTHFR rs1801133 1 13 14 27 4.2% 01500210
Torres etal, 2015- ABCB1 rs1128503 ] 25 2 10 1.3% 1.80[0.47 6.91] +
Torres etal, 2015 - ABCCA rs3792585 4 21 7 14 3.9% 038014108 &4
Torres etal, 2015 - ABCCA rs8838667 2 12 9 23 2.9% 0.43[011,1.67] ¢
Torres etal, 2015- X0 rs1 701368 8 20 3 15 1.6% 2.00([0.64, 5.29] *
Torres etal, 2015- X0 rg17323235 10 27 1 8 07%  2.96([0.44,19.77] *
Total (95% CI) 2852 1351 100.0%  1.14[0.97, 1.35] -
Total events 460 210
Heterageneity: Chi*= 26.87, df=22 (P =022, F=18% sz 0'5 é é

Test for overall effect Z=1.60 (F=0.11)

Mo polymorphism  Palymorphism

B - Florest plot with the association between repeated genetic polymorphisms in the studies and oral mucositis

No Polymorphism  Polymorphism Risk Ratio Risk Ratio
Study or Subgroup Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 ABCB1 T1236C
Liu etal, 2017 - ABCE1 rs1128503 38 kil 274 16.8% 1.63[0.77, 3.44] T
Torres etal, 2015 - ABCB1 rs1128503 10 ] 25 1M4% 0.56([0.14,213] — 1
Subtotal (95% CI) 48 299 28.2% 1.19 [0.63, 2.26] -
Total events 40
Heterogeneity, Chif=1.91, df=1 (P=017); F=48%
Testfor overall effect: £=0.54 (P = 0.59)
1.2.2 ABCB1MDR1 C3435T
Bektas etal, 2011 - MDR1 rs1045642 1" 30 35 31.8% 0.74[0.47 1.18] —&T
Liu etal, 2017 - ABCE1 rs1045642 118 24 187 39.9% 0.97[0.52,1.81] T
Subtotal (95% CI) 129 232 71.8% 0.87 [0.58, 1.31]
Total events 54
Heterogeneity: Chi®= 058, df=1 (P = 0.45); F= 0%
Testfor averall effect: Z= 0.66 {F = 0.51)
Total (95% CI) 177 531 100.0% 0.96 [0.68, 1.36] ’
Total events 94
Heterogeneity: Chi*=3.73,df = 3P =029, F= 20% ﬁ.DE Df1 1'0 Sﬁ

Testfor overall effect: £= 022 (F=0.83)
Test for subaroup differences: Chi*= 0.66, df=1 (P =042}, F=0%

Mo Polymorphism  Polymorphism

SNP in the same gene (ABCBI. also called MDR.1)

Figure 2: Meta-analyzes. Relative risk (RR) and 95% confidence interval (ClI) were
presented alongside each study; center line of graph corresponds to null hypothesis; the
vertical diagonal of the diamond corresponds to RR; the horizontal diagonal of the
diamond corresponds to the CI; the size of the blue square corresponds to the weight of
the study; the position of the square corresponds to RR; The presence of arrows on some
horizontal lines means that the CI goes beyond the values shown on the X axis.
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Certainty assessment N: of patients m

absence of Relative Importance
Nz of Risk of Other Absolute
Sy esion S meressen : F Imm" (ﬁ;(' (95% €l

ao entre a de mucosite oral e polimorfismos encontrados
25 observational not i a not serious | not serious none 0 cases 0 controls RR 1.12 -
studies serious serlous 482/2882 exposed (0.96 to &\?E%(LDD%)
238/1385 unexposed 1.30)
0.0% 0 fewer
per
1.000
(from O
fewer to
0 fewer)
Mucosite oral e ABCB1 T1236C
2 observational not not serious not serious i b none 40/299 G/48 (1B8.8%) RR 0.84 | 30 fewer
studies serious serious (13.4%) (0.44 to per G\?E%(POQ
1.59) 1.000
(from
105
fewer to
111
more)
Mucosite oral e ABCB1/MDR1 C3435T
2 observational not not serious not sericus b none 21/129 | 54/232(23.3%) | RR 0.87 | 30 fewer
studies serious serious (16.3%) (0.58 to per GV)'E(R:)Y(?O%)
1.31) 1.000
(from 98
fewer to
72 more)

€l: Confidence interval; RR: Risk ratio
Explanations

a. There is a large overlap of confidence intervals associated with effect estimation. It has been downgraded by one point
b. Studies include a relatively small number of individuals. resulting in a sample size of less than 300 participants per group.

Figure 3: GRADE - Grading of Recommendations Assessment, Development and
Evaluation
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4 CONSIDERAGCOES GERAIS

O capitulo 2 do presente trabalho foi realizado no componente curricular de
Tdpicos em Revisdo Sistematica, em dupla com outro mestrando Programa de Pds-
Graduacdo em Odontologia, sob orientagdes dos docentes desta disciplina em unidade
com os orientadores dos estudantes.

Serviu como subsidio para a construgdo das hipoteses de pesquisa levantadas no
inicio da coleta de dados para realizacéo do artigo do capitulo 1. Este contém os resultados
do trabalho realizado durante o mestrado, a fim de ser apresentado como requisito
obrigatorio para obtencdo do titulo de Mestre em Odontologia.

Embora a revisdo sistemética tenha concluido ndo haver associacdo entre 0s
polimorfismos genéticos encontrados e a ocorréncia da mucosite oral, ela revelou a
necessidade da elaboracdo de estudos primarios com uma melhor qualidade
metodoldgica, no que diz respeito a selecdo da amostra e estimativa do efeito dos seus
achados.

Na realizacdo do estudo apresentado no capitulo 1, observamos algumas
limitacGes com respeito a selecdo amostral. Por apresentar critérios de elegibilidade bem
especificos, a selecdo da amostra, embora tenha extrapolado o célculo amostral e ter
coletado de maneira censitéria, passou por dificuldades. Alguns pacientes que estavam
em acompanhamento desde 2015 ja tinham vindo a ébito ou mudado de cidade,
inviabilizando a coleta do material bioldgico. Além disso, houve dificuldade na alocacao
de pacientes no grupo controle, por motivos da alta incidéncia de mucosite na populagéo
do presente estudo.

Diante disto, observa-se a dificuldade em realizar estudos dessa natureza com
evidéncia alta, por se tratar de estudo observacional, que ja inicia com uma evidéncia
baixa, e por enfrentar dificuldades na selegdo amostral. No entanto, essas limitagdes ndo
configuram vieses no resultado das hip6teses que foram testadas.

Além disso, vale ressaltar a importancia desta pesquisa como impacto positivo
para 0s pacientes, para o servi¢o oncolégico e para a linha de pesquisa de avaliacbes de
alteracOes genéticas e ocorréncia de mucosite oral. Tendo em vista que uma das alteragdes
genéticas observadas configura um fator de risco para o desenvolvimento da mucosite
oral, a utilizagdo de uma terapia personalizada poderia reduzir a probabilidade de efeitos

adversos.
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CONCLUSAO

Conclui-se que embora néo se tenha observado associa¢do nos achados da meta-
analise, a presenca de polimorfismo C421A ABCG2 (rs2231142) aumenta a
probabilidade de ocorréncia mucosite oral em pacientes pediatricos com leucemia

tratados com metotrexato.
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APENDICE I

INFORMACOES GERAIS DA AMOSTRA

Nome —

Sexo — (1) — Masculino (2) Feminino

Idade —

Cor da pele — (1) Branca (2) Negra (3) Amarela (4) Parda (5) Indigena

Cidade de residéncia — (1) Jodo Pessoa (2) Cidade do interior da Paraiba

(3) Demais Estados

Tratamento — (1) Q (Quimioterapia) (2) QC (Quimioterapia/Cirurgia)

(3) QR (Quimioterapia/Radioterapia) (4) QRC (Quimioterapia/Radioterapia/Cirurgia)
Recidiva — (1) Sim (2) Néo
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APENDICE II
Termo de Consentimento Livre e Esclarecido
PESQUISA:

Associacdo entre polimorfismos genéticos e ocorréncia de mucosite oral

Jodo Pessoa, /  de20

Prezado(a) Senhor(a),

Estamos realizando uma pesquisa para verificar se fatores genéticos podem influenciar na ocorréncia de
inflacdo da mucosa da boca (mucosite) em criancas e adolescentes atendidos no Hospital Napoledo Laureano que
fazem uso de quimioterapia para tratamento da Leucemia.

Faremos um exame da boca das criangas e adolescentes no consultério dentario do setor de Pediatria do
hospital ou no leito, caso o paciente esteja internado. No exame iremos verificar a situacdo dos dentes, da gengiva,
da bochecha, da lingua, do palato e dos labios. Este exame ndo representa riscos para quem sera examinado,
havendo apenas a necessidade de abrir a boca por cerca de 5 minutos.

Também coletaremos a saliva das criancas e adolescentes e na saliva veremos a quantidade de alguns
microrganismos. Nesta saliva seré verificado, ainda, se existem alteracdes em alguns genes, pois algumas destas
alteracBes poderiam fazer com que pessoas que fazem quimioterapia venham a ter maior chance de apresentar
inflamacdo na boca.

A saliva sera utilizada apenas para fazer os testes que ja Ihe explicamos e, ap6s os testes serem feitos, o
material ser& descartado.

Obteremos informagdes do prontuério da crianga/adolescente sobre a: idade dela, histdrico médico e o
tratamento que esta sendo realizado.

Os dados individuais ndo serdo divulgados em nenhuma hip6tese, mas os resultados da pesquisa ajudardo
a compreender se alteragdes genéticas influenciam no aparecimento da inflamacdo de gengiva e, com isto,
identificar quem so as criangas e adolescentes com maior possibilidade de ter inflamag&o na boca. Por isso, sua
colaboracdo, autorizando no quadro abaixo a realizacdo do exame da pessoa pela qual é responsavel, é muito
importante.

Esclarecemos que a sua participacao nesta pesquisa é decorrente de sua livre decisdo ap0s receber todas as
informagdes que julgar necessarias.

Nem vocé nem a crianga pela qual é responsavel serdo prejudicadas de qualquer forma caso sua vontade
seja de ndo colaborar.

A qualquer momento vocé pode desistir de continuar colaborando na nossa pesquisa e sua deciséo néo trara
quaisquer prejuizos para o paciente pelo qual vocé é responsével.

Os procedimentos adotados nesta pesquisa obedecem aos critérios da Etica em Pesquisa com Seres
Humanos, conforme Resolucédo no. 466/12 do Conselho Nacional de Salde.

Se quiser mais informagdes sobre o nosso trabalho, por favor ligue para Profa. Ana Maria Gondim Valenca
— Telefones (83) 32167796 / (83) 999864397.
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Profa. Ana Maria Gondim Valenca

Coordenadora da Pesquisa

AUTORIZACAO
Apos ter sido informado sobre as caracteristicas da pesquisa Associagao entre polimorfismos genéticos e ocorréncia

de mucosite oral

AUTORIZO a realizacdo do exame em:;

Em de de 20

Nome do responsavel Assinatura do responsavel

Testemunha

Telefone do Comité de Etica em Pesquisa do Centro de Ciéncias da Saude — (83) 32167791
Centro de Ciéncias da Saude - 1° andar

Campus | - Cidade Universitaria CEP: 58.051-900 - Jodo Pessoa-PB
eticaccsufpb@hotmail.com
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APENDICE Il

Termo de Assentimento

Associacao entre polimorfismos genéticos e ocorréncia de mucosite oral

Jodo Pessoa,  /  de201

Vocé estd sendo convidado/a para participar da pesquisa: Associacdo entre polimorfismos

genéticos e ocorréncia de mucosite oral.

Seus pais permitiram que vocé participasse.

Com esta pesquisa queremos que colabore conosco permitindo que examinemos sua boca (labios,
dentes, gengiva, lingua, palato e bochechas). Também pedimos que vocé permita que seja feita a coleta de sua
saliva.

As criangas que irdo participar desta pesquisa tém de 0 a 19 anos de idade. Caso ndo queira
participar da pesquisa, é um direito seu e ndo terd nenhum problema em recusar ou desistir.

A qualguer momento vocé pode nos procurar pelo telefone (83) 999864397 ou pelo e-mail

anamvalenca@gmail.com da pesquisadora Ana Maria Gondim Valenga. Ao persistirem as ddvidas sobre 0s

seus direitos como participante desta pesquisa, vocé também podera fazer contato com Comité de Etica em
Pesquisa do Centro de Ciéncias da Saude da Universidade Federal da Paraiba pelo telefone (83) 3216-7791.
Ninguém sabera que vocé esta participando da pesquisa; ndo falaremos a outras pessoas, hem
daremos a estranhos as informagdes que vocé nos der.
Os resultados da pesquisa véo ser divulgados, mas sem identificar as criancas que participaram.

Se voce tiver alguma davida, vocé pode me perguntar. Eu escrevi os telefones na parte de cima deste texto.

CONSENTIMENTO POS INFORMADO

Eu aceito participar da pesquisa associagdo

entre polimorfismos genéticos e ocorréncia de mucosite oral. Entendi que posso dizer “sim” e participar,
mas que, a qualquer momento, posso dizer “nao” e desistir e que ninguém vai ficar com raiva se eu desistir.
Os pesquisadores tiraram minhas dividas e conversaram com 0s meus responsaveis. Recebi uma cépia

deste termo de assentimento e li e concordo em participar da pesquisa.

Jodo Pessoa, de de

Assinatura do menor ou impressdo dactiloscdpica Assinatura do(a) pesquisador(a)
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ANEXO |

APROVACAO DO COMITE DE ETICA EM PESQUISA DO CENTRO DE
CIENCIAS DA SAUDE (CCS) - UFPB

UFPB - CENTRO DE CIENCIAS
DA SAUDE DA UNIVERSIDADE %"‘H"’"’F
FEDERAL DA PARAIBA

PARECER CONSUBSTANCIADO DO CEP

DADGS DD PROJETO DE PFESGLUISA

Titula da Pesquisa: COMDICAD DE SAUDE BUCAL E FATORES ASS0CIADOS EM PACIENTES
PEDIATRICOS ORCOLOGICOS ASSISTIDOS EM UM HOSPITAL DE REFERENCLA
i CIDADE DE JOAD PESS0OAPE ; ESTUDD LOMGITUDEAL

Pesquisador: Ana Maria Gondim Valenca
#urea Tematica:

Worsdo: 1
CAAE: B4245317.3.0000.5188
Instituicio Froponoente: Universidade Federal da Paraiba

Patrocinador Principal: Fimanciamenta Proprio
COMNE NAC DE DESENVOLVIMENTO CIENTIFICO E TECROLOGICD

DaDDS DD PARECER

Mdmers do Panecer: 19155831

Apresentacdo do Projeto:

Pesguisadora Responsawel: Ana Maria Gondim Valenga

Grupo de Pesquisa Cadastrado no CHPg: Gnupo de Pesquisa em Odontopediatia & Clinica Integrada
Centro: Cemiro de: Ciénciae da Salde

Departamento: Departamenio de Clinica & Odoniologia Sodal

Objetivo da Pesquisa:

Objetren Geral

= |dentificar o= fabores associados &= condighes de sadde bucal e analisar o cuidado aferiado aos pacientes
oncologicas na faixa etana de 0 a 18 anos, assisbdes no Hospital Mapale 0 Laweana, na cdade de Joda
Pes=na, Paraiba.

Objetivos Especificos

= Caracierizar o perfil clinico-epedemioldgico de pacdentes pedidlricos oncoldgicos assistidos no Haspatal
Mapaledo Laureano, Joda Pessoa-PE;

= Clarssificar os padienies quanio acs aspecios sodoecondmicos, de acesso e da aulo percepqic em salde
buscal;

Endaracn: UNMIWVERSTARKS &4

Baiera: CASTELO ERANCO CEP: 53051000
uF: FE Memicipla:  JOAD FESSOM
Talelone: |&35016. 770 Foo: (EE216-FT E-mhail: i simsaiiess uiph b
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= |denlificar a ocorréncia de cirie & doenga periodonial nesias criangas & adolescentes = os fatores

‘Comirmosic do Faesoar: 19125051

as=ociados ao aparecmenic desles agravos;

= identificar a ocoeméncia de mucosite oral nesies pacientes & os falores aszociados a0 seu aparecimento;

= finalsar os aspecios microbiolégicos, mediante a contagem de Sireplococcus iofais & Sireplocooous
mutans (UFCimL), os aspectos fisicos como viscosidade & fluma salivar ndo estimulado, de forma
longitudinal, dos pacientes pedidtricos onool dgicos;

= Conhecer o nivel de sabisfacdéo dos pacienies s'ow ssus cuidadares sobre alencdo prestada am sadde
bucal;

= fnalizar a crganizacio dos semvigos, fluxcs & molinas de funcicramenio witadas para estes pacenies;

= Propor estratégizs & ferramentas que permitam estruturar um modedo de tomada de decisio que possibilte
o senlido universal, inbegral, resolutivo, eguinime = demoordtion a0 acesso ao cuidado em sadde bucal para
pacienies oncoldgicos no estada da Paraiba.

Avaliagdo dos Riscos o Beneficios:

Riscos:

= Possivel desconforio sm racdo do iempo que o pacients permanecerd de boca aberta para avaliagda das
comndigbes de salide bucal {3 a 5§ minutas)

= De=monforio devido ao leve ruido produsido pelo sakmeto (2 minuios = ismpo de ooletal).

Ben=ficios:

o Brasil, em especial no estado da Pamalba, sdo escassas as informactes sobre a condigio de sadde
bucal de pacientes onocoldgicos, bem como quanto ao acesso = & ulilizagho dos servipos odoniologicos.
Desta forma, devem ser avaliadas as necessidades odonioidgicas destes individuos e, face &s complicapbes
decomenies do ratamenio a gue s&0 exposios, iorma-se fundamental a instihscdo de esirabégias educatias,
preventivas & curativas em salde bucal com vistas a resplugdo elou minimizagio dos desconforios
apresentados pelos pacienles = a melhona da qualidade de vida destas oriancas e de seus famikares. O
de=e=nyoivimento do presenie projeio proporcionard a produche de conhecimenios inédilos sobre a relagio
enfire a lerapia anbinecplisica administrada & pacientes pedid¥icos oncoldgicos & as condigdes de salds
bucal apres=ntadas por esses pacientes. A idenlificacio de assocagio enire os eventos agui estudados
serd imporiante para a prevengio de infercorréncias gue prejudicam o andamento dos profocolos
estabelscidos mo watamenio das diferentes patologias, bem como audliard o ciungiio-dentisia a plamejar
me=lhor a assisiéncia anb=s = duramie o tratame=nba anbrecolasico.

Enderato: UNNWERSITARK S

Baiera: CASTELD BRAKCD CEP: 5305703
UF: PE Mesicipia: A0 FESS0OA
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Coomtirnsie: do Faescar: 1.5 5231

Comentirios o Consideracdes sobre a Pesquisa:

A populacda a ser estudada serd compaosta por fodos os pacieni=s de 0 a 18 anos, em atendimenio na
Hospital Mapoledio Laureano. Estima-s= que a amosira seja composia por 250 pacienies, levando-se em
considerazio os dados atuais fomecidos pelo Mospital Mapaleda Laursanao.

Consideractes sobre os Termos de apresentacio obrigatdria:

Anexados.

Rocomendagdes:

Todos os resullados de uma pesquisa deverdo ser divulgados junio aos participanies da mesma, assim
como nafs) institwiclo(des) onde oz dados foram cbtidos. ACONSELHAMOS A TODOE O
PEZOUISADORES [RESPONSAVEL/ASSOCIADOIASSISTENTE) QUE ANTES DO ENVIO DE
OUALCUIER PROTOCOLD DE PESOULSA, VA PLATAFORMA BRASIL, SE1A FEITA LM LEITURA D

RESOLUCAD M.4668/12, ASSIM COMO Db MORSMA OPERACIONAL HL0O1M 3, AMBAS DO CONSELHO
MACIONAL DE SAUDE.

Conclusbes ou Pendéncizs o Lista de Inadequaghes:
Considers esie projedo sem pendéncias ou inadequagpies.
Esie & meu parecer, sahvo melhor juizo.

Consideractes Finais a critério do CEP:

Este parecer fol elaborado baseado nos documentos abaino relacionados:

Tipo Doosmento Aaguiea Postagem Artor Silagao
Irdormactes Basicas| PB_INFORMALUES BASILAS DO P | 202017 oo
do Projeio ROJETO BERIE pof 160007
Clutrees Aruencal aweanoProjetoCondicoesSau]  2101201T |Ana Mara Gondim Moo

geBucal pdf 155857  |Valenca
TCLE { Termos de | Termofss=ntimenoPojetoCondicaoSany 270172017 |dna Maria Gondimi Aoeiin
Aszentmenta | deffiucal pdf 10:16:00 | Valenca

Jdustificaliva de

iEEJ ‘:rmu:-d: TCLEPmojeioCondicacsaudeBucal pdf 2H01201F [ina Mara Gondim Aoeiin

Aszenfimenta | 10:15:47 | Valenca

Justificaliva de

| Awrsncia

Projeto Detalhado | | Projetofna’ValencaPaicentesOncologeo]  2101301F [Ana Mara Gondim Aceii
Brochura s201 7. pdf 1114 |valenca

Mﬁb FolhalletosioFropicCondicasauded | 250172017 [dna Mara Gondim Aoeiin
Endarein: UNMNERSITARKD SH

Bairro: CASTELD BRSHCD CEP: 53051000

UF: PE Memicipia: 0D PESS0A

Taiefone:  [E35016. 770 Fa:  (E3E216-THA E-mall:  liciecSion iulph b
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Camfriescie: de Passcar: 1915551

[Folhade Rostn | ucalpdf [ i0iaE [valenca Aceilo

Siuacio do Parecor:
Aorovado

MWocossits Apreciacio da CONEP:
Hao

JOiD PESS0W, 10 de Fevereiro de 2017

Aszsinado por:

Eliane Margues Duarte de Sousa
|{Coordenadorg
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