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RESUMO

VALER, Jéssica Berté. MUCOSITE BUCAL EM PACIENTES ONCOLOGICOS
PEDIATRICOS SUBMETIDOS A ALTA DOSE DE METOTREXATO:
PREVALENCIA, RELACAO COM OUTRAS TOXICIDADES E ELIMINAGCAO DO
MTX. 2019. Dissertacdo (Pés-graduacdo em Clinica Odontolégica com énfase em
Estomatologia) — Faculdade de Odontologia, Universidade Federal do Rio Grande do
Sul, Porto Alegre, 2019.

O metotrexato (MTX) é um quimioterapico amplamente utilizado no tratamento do
cancer infantil e a mucosite bucal (MB) € um dos seus principais efeitos adversos. O
objetivo deste estudo foi avaliar a relacdo do desenvolvimento da MO com o tempo
de depuracdo do MTX, toxicidade renal e hepéatica em pacientes oncologicos
pediatricos que receberam altas doses de metotrexato (AD-MTX). Foram
acompanhados oitenta e trés pacientes infantis (de 0 a 18 anos) submetidos a
guimioterapia com AD-MTX (> 1 g / m2) em tratamento para leucemia, osteossarcoma
ou linfoma. Informacdes sobre o nivel sérico de MTX (excrecdo de MTX) foram obtidas
a cada 24 horas apo0s a infusédo deste, até atingir o nivel sérico de 0,2 uM. Amostras
de sangue foram coletadas para avaliagdo das analises da funcédo hepatica e renal
durante cada ciclo do MTX. A MB foi avaliada diariamente de D1 a D15 usando a
escala da OMS em cada ciclo. Os pacientes totalizaram 255 ciclos de quimioterapia
com infusdo de AD-MTX. MB foi diagnosticada em 191 (74,9%) dos ciclos de
quimioterapia. Destes, 119 (46,6%) apresentaram lesdes ulceradas (graus 2, 3 e 4).
N&o foi encontrada associacao entre a excrecao tardia do MTX e o desenvolvimento
de MB. Pacientes com linfoma foram associados a graus severos de MO (p =0,01) e
nestes pacientes, a MO apresentou associagcdo com a elevacdo dos niveis de
aspartato aminotransferase (p = 0,006), alanina aminotransferase (p = 0,04) e
creatinina (p = 0,008). A regresséo de Poisson demonstrou que pacientes o aumento
em uma unidade de bilirrubina total leva um aumento da prevaléncia de MB em 11%.
O aumento em uma unidade de bilirrubina indireta aumenta a prevaléncia de MB em
39%. Em pacientes com linfoma o aumento de uma unidade de creatinina induziu
prevaléncia 37% maior de MB. Conclusdo: A MB é uma complicagédo prevalente em
pacientes com cancer infantil submetidos ao AD-MTX, principalmente em pacientes
com linfoma. O tempo de depuracédo de AD-MTX nao apresentou relacdo com MB. No
entanto, a toxicidade renal e hepatica podem ser consideradas fatores de risco para
MB, principalmente em pacientes com linfoma. Estratégias preventivas para MB
devem ser utilizadas nestes pacientes.

PALAVRAS-CHAVE: Mucosite bucal. Metotrexato. Oncologia pediatrica.
Quimioterapia. Toxicidade bucal



ABSTRACT

Valer, Jéssica Berté. Oral mucositis in childhood cancer patients receiving high-
dose of methotrexate: prevalence, relationship with other toxicities and MTX
elimination. 2019. Dissertacédo (P6s-graduagédo em Clinica Odontolégica com énfase
em Estomatologia) — Faculdade de Odontologia, Universidade Federal do Rio Grande
do Sul, Porto Alegre, 2019.

Methotrexate (MTX) is chemotherapeutic agents largely used in the treatment of
childhood cancer, and, oral mucositis (OM) is one of the main adverse effects. The aim
of this study was to evaluate the relationship of development of OM with MTX
metabolism time, renal and hepatic toxicity in childhood cancer patients receiving high-
dose of methotrexate (HD-MTX). Eighty-three childhood patients (aged 0 to 18 years)
submitted to high-dose methotrexate therapy (HD-MTX) (> 1g / m?) in some
chemotherapy cycle for the treatment of leukemia, osteosarcoma and lymphoma were
evaluated. Information regarding of MTX serum level (MTX excretion) were obtained
in each 24h after MTX infusion until the MTX serum level of 0.2uM. Blood samples
were collected for evaluation of liver and renal function analyzes during each MTX
cycle. OM was daily evaluated from D1 to D15 using WHO scale in each cycle. The
patients totalized 255 cycles of chemotherapy with HD-MTX infusion. OM were
diagnosed in 191 (74.9%) of chemotherapy cycles. Of these, 119 (46.6%) presented
ulcerative lesions (grades 2, 3 and 4). No association was found between delayed
excretion of MTX and OM development. Lymphoma patients were associated with
severe grades of OM (p=0.01) and OM was associated to higher levels of aspartate
aminotransferase (p=0,006), alanine aminotransferase (p=0,04) and creatinine
(p=0,008). Poisson regression demonstrated that patients with increase of one unit of
total bilirubin have 11% higher prevalence of OM. The increase in one unit of indirect
bilirubin increase the prevalence of OM in 39%. Patients with lymphoma that presented
one unit of creatinine level had 37% higher prevalence of OM. Conclusion: OM is a
prevalent complication of childhood cancer patients submitted to HD-MTX, especially
in lymphoma patients. HD-MTX clearance time was not related to OM. However, renal
and hepatic toxicity could be considered risk factors for OM, especially in patients with
lymphoma. Preventive strategies for OM should be planned for these patients

KEY WORDS: Oral mucositis. Methotrexate. Pediatric Oncology. Chemotherapy. Oral

toxicity
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1 INTRODUCAO

As neoplasias da infancia, embora representem somente de 2 a 3% de todos os
canceres, com incidéncia estimada de 272 603 novos casos para o ano de 2018
(Figura 1), segundo a International Agency for Research on Cancer (IARC) sendo a
principal causa de mortalidade infantil em paises desenvolvidos. Além disso, estima-
se que no Brasil para cada ano do biénio 2018-2019, ocorrerdo 12 500 casos novos
de cancer infanto-juvenil (0-19 anos), atingindo cerca de uma a cada 6.000 criancas

no Brasil (Instituto Nacional do Cancer José Alencar Gomes da Silva, 2018)

Estimated number of incident cases worldwide, both sexes, ages 0-19

Leukaemia

Brain, central nervous system
Non-Hodgkin lymphoma
Hodgkin lymphoma

Kidney

Thyroid

Testis

Liver

Ovary

Kaposi sarcoma

0 10 000 20000 30000 40 000 50 000 60 000 70000

Data source: Globocan 2018
Graph production: Global Cancer Numbers
Observatory (http:/ /geo.iarc.r)

Figura 1. Incidéncia estimada de cancer infanto-juvenil (0 a 19 anos) no mundo, em ambos 0s sexos,
para o ano de 2018.

Fonte: Globocan 2018. Graph production: Global Cancer Observatory (http://gco.iarc.fr/).
© International Agency for Research on Cancer 2018

Os tumores pediatricos tem origem principalmente de células embrionarias
primitivas que crescem e se multiplicam rapidamente sendo os tipos mais comuns
leucemias, tumores do sistema nervoso central, linfomas, tumores solidos abdominais
(Tumor de Wilms e neuroblastoma), osteossarcoma e rabdomiossarcoma (Instituto
Nacional do Cancer José Alencar Gomes da Silva, 2018; SILVA et al., 2015).Segundo
o INCA na sua estimativa de incidéncia publicada em 2018, o Brasil apresentou uma

incidéncia semelhante a maioria das populacdes, as leucemias foram as mais
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frequentes (26%), seguidas de outros tumores epiteliais (14%), linfomas (14%) e
tumores do sistema nervoso central (13%). Apesar de serem doencas raras, 0 cancer
infantil ainda é considerado uma das principais causas de morte em criangas e
adolescentes, sendo a segunda maior causa de morte em todas as regides do Brasil.
(BRASIL, 2017). Desta forma, a busca por formas de tratamento adequadas para

essas doencas tem sido foco de inUmeras pesquisas.

As principais modalidades terapéuticas para o tratamento do cancer infantil sdo
a cirurgia, radioterapia e gquimioterapia podendo ser utilizados de forma isolada ou
combinada. (HOUGHTON; KURMASHEVA, 2019; ZHANG et al., 2018) Dentre elas, a
quimioterapia € o principal elemento do tratamento para o cancer infantil. Este
tratamento tem como mecanismo fundamental a inibicdo n&o-seletiva da proliferacéo
celular, isto porque a maior parte dos alvos moleculares, sobre os quais os
guimioterapicos atuam estdo também presentes em células ndo-tumorais, fazendo
com gue estes agentes apresentem baixa ou nenhuma seletividade (HOUGHTON;
KURMASHEVA, 2019; VERA-LLONCH et al., 2007; SONIS, 2004).Estes farmacos
exibem, de modo geral, estreitas janelas terapéuticas e, portanto, as diferencas entre
as doses gque produzem o efeito antitumoral e as que causam toxicidade sdo bastante
pequenas. Assim sendo, a quimioterapia tem sido associada a uma série de efeitos
adversos que podem levar a modificacdo ou interrupcao do tratamento antineoplasico,
resultando na reducéo de qualidade de vida e/ou sobrevida do paciente. Estes efeitos
adversos incluem voémito, diarréia, toxicidade hepatica e renal, dermatites, mucosite
bucal (MB) e mielossupressdo (YAROM et al., 2019; HOWARD et al., 2016; CHENG
et al.,2007). Esta toxicidade vem incentivando o aprimoramento da quimioterapia para
gue se possa ter um aumento da distancia entre a dose de resposta e a dose que

causa severa toxicidade.

O Metotrexato (MTX) é um dos quimioterapicos utilizados no tratamento dos
diferentes tipos de neoplasias infantis e atua interferindo no receptor do acido fdlico,
agindo na fase S do ciclo celular, blogueando a sintese de DNA e atuando
bioquimicamente nas células que crescem de forma exponencial (YAO et al., 2018;
PARK; SHIN, 2016; HOWARD et al.,, 2016). O MTX em altas doses (AD-MTX) é
definido como qualquer dose maior de 1 g/m? (KU; BAZARGAN; TAM, 2019;
HOWARD et al., 2016), sendo um componente essencial dos protocolos utilizados no

tratamento de leucemia, linfoma e osteossarcoma. Além do seu grande potencial anti-



14

tumoral. AD-MTX €& conhecido por causar diversos efeitos colaterais, incluindo
toxicidade do sistema nervoso central (SNC), figado, rim, medula éssea, sistema
gastrointestinal e mucosa bucal, o que induz maior morbidade e pode causar atraso
no tratamento (KAWAKTSU et al., 2019; CAMPBELL et al., 2016; PARK;SHIN, 2016).

O MTX ap6s a sua absorcédo, é metabolizado pelo figado em nivel intracelular
dando origem a trés principais metabdlitos: o acido 4- amino-4-desoxi-N10-
metilpterdico (DAMPA), 7-hidroximetotrexato (7-OH-MTX) e MTX-poliglutamato.
Dentre esses, os poliglutamatos podem se retidos nos tecidos e contribuirem para a
acdo farmacoldgica ou téxica as células até 48h apos a exposicdo ao MTX
(LELES,2008). Durante o armazenamento nas células hepéticas, o MTX pode causar
um estresse oxidativo nesse tecido, podendo ter sua eliminacdo atrasada; acredita-se
gue esse seja um dos motivos pelo qual esse quimioterapico acabe induzindo um
aumento significativo dos marcadores de funcdo hepatica, mas isso ndo esta muito

bem elucidado.

A depuracdo do MTX (clearance) ocorre principalmente por excrecao renal por
filtracdo glomerular ou secrecao tubular ativa (Figura 2) (LOPEZ-LOPEZ et al., 2013).
Na administracdo endovenosa, 80% a 90% da dose administrada é excretada sem
modificagdo na urina num periodo de 24h. Apenas 10% do MTX é excretado pelas
vias biliares via circulacdo éntero-hepatica (GARCIA PUIG, 2012). A depuracéo renal
pode ser alterada devido a precipitacdo do MTX e seus metabdlitos nos tubulos renais,
gue podem causar obstrucéo e diminuicdo da depuracéao renal, prolongando os altos
niveis de MTX na corrente sanguinea, podendo levar a descontinuagcédo ou reducao
da quimioterapia, além de causar diversos efeitos colaterais ja citados (YAO et al.,
2018; LIU et al., 2017; CAMPBELL et al.,, 2016). Sendo assim faz-se necessario
monitoramento dessas enzimas circulantes para controle do paciente, sendo mais
comum o acompanhamento de Alanina Aminotransferase (ALT), Aspartato
Aminotransferase (AST) e bilirrubina (BB) para verificacdo da funcdo hepética e para
demonstrar a toxicidade renal sdo utilizas creatinina e uréia (CAMPBELL et al., 2016;
HAGAG et al.,, 2016; MOGHODAM et al., 2015; PIOTO, 2007). Um aumento
significativo nessas enzimas demonstra danos a estes 0rgaos, o que pode resultar em
uma metabolizagdo mais lenta dos medicamentos, fazendo que permanegcam mais

tempo na corrente sanguinea.
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Via bloodstroam

Elimination

Elimination

Methotrexate (MTX) transport pathway. MTX transporters are encircled.

Figura 2. Vias de metabolizacdo do MTX, e transportadores responsaveis pela atuacdo em cada 1

dos 6rgéos representados: figado, rins e bile.

Fonte: Lopez-Lopez et al., 2013.

Medidas de suporte e prevencao sao adotadas para prevenir estas possiveis
toxicidades, como o uso de hiper-hidratacéo, resgate com Leucovorina (acido folinico),
ou uso de bicarbonato para diminuir precipitacédo renal, mesmo com diversas medidas
de suporte a disfuncédo renal se desenvolve em cerca de 2 a 12% dos pacientes
(VAISHNAY et al., 2018).

A hiper-hidratacdo alcalina tem indicagdo de ser realizada ao menos 6 horas
antes da infusdo de AD-MTX. O fluido mais comumente utilizado trata-se de uma
solucéo de cloreto de sédio 0,45%, dextrose a 5% associado a bicarbonato de sédio
7,5% e cloreto de potassio 20 mmol/h. Apés a infusdo do MTX a hidratacéo deve ser
continuada até os niveis de MTX reduzirem aos niveis esperados em 24, 42 e 48
horas. (VAISHNAVI et al., 2019; PLARD et al. ,2007)

Além disto o monitoramento dos niveis de MTX no organismo a cada 24 h
também é utilizado como guia para controle e intensificacdo das medidas de suporte,
tendo como base uma curva de acompanhamento (Figura 3), justificando ou
demonstrando a necessidade de manter ou aumentar o uso do acido folinico. A
depuracéo do MTX pode ser alterada por condicbes ou medicagdes relacionadas a
funcao renal, normalmente a depuracgéao total acontece 100 mL/min/mz2 para pacientes

pediatricos, sendo recomendado o0 acompanhamento dos niveis circulantes no sangue
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em 24,42 e 48h apods a infusdo, ou até que estes niveis sejam considerados nao
toxicos.(VAISHNAVI et al., 2019; HOWARD et al., 2016 LELES, 2008; PLARD et al.
,2007)

A B C

Ideal methotrexate concentrations ~ Methotrexate influx into cells Methotrexate solubility by pH
during a 24-hour infusion oH dependence ”

9

N7 oM ¢ v
Gt prb 5.0 6. 7.0

Figura 3: A-Concentragdes ideais do MTX durante o periodo de 24h, demonstrando também o
periodo de resgate de acido folinico (leucovorin) que pode ser o precoce ( antes das 42h do inicio de
uma infusédo de 24h - vermelho), que reduz a exposi¢cdo ao MTX e resgate prolongado (verde) que é
necessério quando a toxicidade induz uma eliminag&o tardia do MTX. Esta figura também mostra em
B que o MTX entra nas células renais 23 vezes mais rdpido quando o paciente apresenta pH6
comparado ao pH7, demonstrando que que a urina 4cida evidencia o aciimulo de MTX nos tubulos
renais, diminuindo a solubilidade, demonstrado na figura C.

Fonte: Davidson; Howard , 2018.

O resgate com Leucovorina visa “resgatar” as células que tiveram lesionadas i
pelo uso de AD-MTX, atuando como um desintoxicante (VAISHNAVI et al., 2018;
COHEN; WOLF, 2014; WENNERSTRANDETAL., 2013). O ICicLe recomenda 0 uso
de trés doses de Leucovorina, iniciando 42h apds uma infuséo de 24h, por exemplo,
0 que varia conforme o tempo de infusdo do MTX. O resgate precoce do acido folinico
afeta claramente a eficAcia do medicamento e compromete e eficacia do
guimioterapico. A continuidade de uso de Leucovorina € avaliada com base no pH da
urina e nos niveis de creatinina que devem ser monitorados concomitantemente aos
niveis séricos de MTX (DAVIDSON; HOWARD, 2018; VAISHNAVI et al., 2018). A
seletividade deste regime ainda nao é totalmente compreendida (VAN DER BEEK et
al., 2019), porém é utilizado com uma das bases para reduzir um dos mais importantes

efeitos colaterais do uso de AD-MTX , a MB.
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A MB tem sido considerada um dos efeitos adversos mais debilitantes
observados em pacientes realizando quimioterapia com MTX em altas doses (>1 g/m?2)
(KU; BAZARGAN; TAM, 2019; HOWARD et al.,, 2016). A manifestacdo costuma
ocorrer de 3 a 10 dias apds a quimioterapia ser iniciada (MAHZARI; SHIRAZI,
SHABZENDEHDAR, 2018; LIU et al., 2017; VILLA; SONIS, 2015), afetando cerca de
33 a 80% dos pacientes pediatricos realizando tratamento com quimioterapia (ALLEN
et al., 2018; GOBBO et al., 2017; CHAVELI LOPEZ et al., 2014), o que pode variar de
acordo com a metodologia dos estudos analisados, que podem ou néo incluir
protocolos preventivos, e também a modalidade quimioterapica analisada, assim
como as drogas incluidas nos protocolos (HONG et al., 2019; BACHOUR; SONIS,
2018; CHAVELI LOPEZ et al., 2014) .

Clinicamente, a MB se manifesta como eritema ou ulceracdes que podem ser
exacerbadas por fatores locais (ARIYAWARDANA et al., 2019; SILVA, et al., 2015;
VILLA; SONIS, 2015; SONIS, 2011). O aparecimento dessas lesdes costuma causar
desconforto e dificuldade de alimentacdo em graus mais leves e em graus mais
severos: dor intensa, necessidade de nutricdo parenteral, diminuicdo da dose utilizada
de quimioterapico, prolongar dias de hospitalizacdo e até interromper o tratamento
(ARIYAWARDANA et al., 2019; ELAD; ZADIK; YAROM, 2017; BERTOLINI et al.,
2017; CHAUDHRY et al., 2015 ; VERA-LLONCH et al., 2007). Além disso, devido ao
rompimento da mucosa e a quebra das defesas do organismo, a MB pode facilitar a
invasdo microbiana resultando em infeccfes oportunistas (ARIYAWARDANA et al.,
2019; ZAKARIA, 2017; MILLER et al., 2012; SONIS, 2011). Diversas escalas para
avaliacdo das manifestacdes clinicas da MB séo descritas na literatura, sendo as mais
utilizadas a da Organizacdo Mundial da Saude (OMS), a do National Cancer Institute
(NCI) e a do Radiation Therapy Oncology Group (RTOG).

Os mecanismos exatos através dos quais as drogas quimioterapicas citotoxicas
provocam a MB ndo foram completamente elucidados (VILLA; SONIS, 2015). A
patogénese da MB é caracterizada por uma cascata de eventos bioldgicos
influenciada pela microbiota oral e fatores ambientais (SONIS, 2011; SONIS, 2009).

O desenvolvimento da MB pode ser resumido em cinco fases: iniciacao,
resposta ao dano/ativagao, amplificacdo do sinal, ulceracao e reparo (SONIS, 2013;
VILLA; SONIS, 2015) (Figura 4). Os agentes quimioterapicos ou a radioterapia

induzem a geracéo de espécies reativas de oxigénio, causando apoptose das células
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da camada basal, o que caracteriza a fase de iniciacdo, as células afetadas liberam
moléculas enddgenas padrao que se ligam a receptores especificos e desencadeiam
a segunda fase de resposta ao dano. Assim, é ativada uma resposta imune inata que
desencadeia a ativagdo de ao menos 14 vias candnicas, tendo destaque a via do NF-
Kb, levando a expressdo de até 200 genes, que estdo associados a producdo de
citocinas pro-inflamatérias e moléculas que podem afetar ou alterar a resposta
tecidual, como IL-6 e TNF-a e essa ativagdo também pode levar a morte celular
causando a ulceracao (VILLA; SONIS, 2015; SONIS, 2011). Nesta etapa temos 0s
sinais e sintomas evidentes, 0 paciente se torna mais propenso a infeccées por
bactérias que colonizam as Ulceras e liberam moléculas que agravam a lesdo por
macréfagos que liberam citocinas pro-inflamatérias. A Ultima etapa € quando ocorre a
cicatrizacao e reconstituicao epitelial (VILLA; SONIS, 2015; SONIS, 2011).
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A multiple mechanism model for the pathobiology of mucositis. The pathobiclogy of mucositis as a five-stage process. The key biological processes
associated with the pathogenesis of oral mucositis can be arbitranly divided into five stages: initiation, pnmary damage response (messaging and
signaling), amplification, ulceration, and healing. Reproduced with permission [22]. IL, interleukin; NF-xB, nuclear factor-xB; ROS, reactive oxygen
species; TNF, tumor necrosis factor.

Figura 4: Modelo de multiplos mecanismos desencadeados na patobiologia da MB, em um processo
de cinco estagios: iniciagcdo, resposta ao dano primario (mensagens e sinalizagdo), amplificacéo,

ulceragéo e cicatrizacgao.

Fonte: Sonis, 2011

Alguns fatores tém sido apontados como responsaveis por aumentar o risco de
incidéncia de MB. Dentre eles, estéo: tipo de tratamento a que o paciente é submetido
(WELLSTEIN, 2018; SURESH et al., 2016; CHAVELI LOPEZ et al., 2014); salde
bucal prévia ao tratamento antineoplasico (SURESH ET al., 2016; KHAW et al., 2014;
RECOLONS et al., 2006); idade do paciente (DEVAJARU et al., 2009; PICO et al.,
1998); além de marcadores de imunidade local como mediadores inflamatérios e de
imunossupressao (SURESH et al., 2016; PATUSSI et al., 2014; AL-DASOOQI et al.,
2013).

Existem diversos tratamentos utilizados para prevenir ou tratar a MB, segundo
as diretrizes da Multinational Association of Supportive Care in Cancer (MASCC) entre
os principais cuidados estéo incluidos protocolos de higiene oral, orientacdo para o
auto cuidado dos pacientes (HONG et al. ,2019), fotobiomodulacdo (FBM) (ZADIK et
al., 2019), modificadores de resposta biolégica como a palifermina, agentes anti-
inflamatérios como a benzidamina (ARIYAWARDANA et al.,, 2019), agentes
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citoprotetores como a glutamina (YAROM et al.,, 2019), porém as evidéncias
existentes ainda séo recentes e ndo deixam totalmente claro a eficacia em todo e
qualquer paciente oncolégico.(HONG et al.,, 2019; ARIYAWARDANA et al.,, 2019
MAHZARI; SHIRAZI; SHABZENDEHDAR, 2018; CHAVELI-LOPEZ, 2016).

Atualmente o que vem mostrando maior eficacia na prevencédo e tratamento
das les6es de MB é o uso da FBM. Na FBM luzes néo ionizantes ativam croméforos
enddégenos que provocam efeitos fotofisicos e fotoquimicos envolvendo diversos
processos biolégicos com resultados terapéuticos clinicos positivos, promovendo
cicatrizacdo, regeneracao e respostas imunes, mediando inflamacéo e dor (ZADIK et
al., 2019; de FREITAS et al., 2016). Quando se trata da populacdo pediatrica o seu
uso é ainda mais indicado por se tratar de uma terapia atraumatica, néo invasiva, sem
efeitos colaterais e bem aceita pelas criancas, promovendo analgesia e conforto para
os pacientes (NOIRRIT-ESCLASSAN et al., 2019; ZADIK et al., 2019)

Além desses fatores, alguns autores associam variabilidade na incidéncia de
MB a variacdo na expressao de genes relacionados ao metabolismo de farmacos (LIU
et al.,, 2017; MARTINS; WAGNER; LINDEN, 2013; LEE; MCLEOD, 2011). Estudos
sobre farmacogenética em oncologia tem focado na linha dos polimorfismos génicos
envolvidos no metabolismo dos quimioterdpicos que sdo mais utilizados na prética
clinica e demonstram maior quantidade e severidade de efeitos adversos (LIU et al.,
2017; MARTINS; WAGNER; LINDEN, 2013). Estes polimorfismos nos genes que
codificam e transportam o MTX podem influenciar no tempo de eliminagédo do MTX,
em maior tempo de hospitalizacdo, mielosupresséo e no desenvolvimento de MB
(YAO et al., 2018; LIU et al., 2017; SERRA; HATTINGER, 2016; LOPEZ-LOPEZ et al.,
2013).

Diante disto, o conhecimento dos fatores de risco para MB se faz necessario
para o desenvolvimento de intervencdes efetivas durante o suporte ao paciente

oncoldgico infantil.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a relagdo do desenvolvimento de MB com o tempo de depuragdo do MTX,
toxicidade renal e hepatica em pacientes oncoldgicos pediatricos submetidos a

tratamento com AD-MTX.

2.2 OBJETIVOS ESPECIFICOS

Analisar a incidéncia de MB e sua relagdo com as doencas de base.

Analisar a incidéncia de graus ulcerados e severos de MB em pacientes pediatricos

com leucemia, osteossarcoma e linfoma.

Avaliar niveis de BB (total, direta e indireta), ALT, AST, creatinina e uréia e sua relacéo

com leucemia, osteossarcoma e linfoma.

Analisar a incidéncia de MB e sua relacdo com toxicidade hepatica através de niveis

de BB, ALT E AST em pacientes oncopediatricos.

Analisar a incidéncia de MB e sua relacdo com toxicidade renal através de niveis de

creatinina e uréia em pacientes oncopediatricos.

Correlacionar o grau de MB com o tempo de eliminacdo do MTX (niveis ndo toxicos

ao organismo, <0,2 uM).
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3 ARTIGO CIENTIFICO

O presente artigo, intitulado “Oral mucositis in childhood cancer patients
receiving high-dose of methotrexate: prevalence, relationship with other
toxicities and MTX elimination.” sera formatado de acordo com as normas do
periodico: Pediatric Blood & Cancer ISSN: 1545-5017 (Online), Fator de Impacto 2.486
e Qualis A3, ao qual sera submetido.
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ABSTRACT

Background: Methotrexate (MTX) is chemotherapeutic agents largely used in the
treatment of childhood cancer, and, oral mucositis (OM) is one of the main adverse
effects. The aim of this study was to evaluate the relationship of development of OM
with MTX metabolism time, renal and hepatic toxicity in childhood cancer patients
receiving high-dose of methotrexate (HD-MTX) for the treatment of leukemia,
osteosarcoma and lymphoma.

Design: Eighty-three childhood patients (aged 0 to 18 years) submitted to high-dose
methotrexate therapy (HD-MTX) (> 1g / m2) in some chemotherapy cycle for the
treatment of leukemia, osteosarcoma and lymphoma were evaluated. Information
regarding of MTX serum level (MTX excretion) were obtained in each 24h after MTX
infusion until the MTX serum level of 0.2uM. Blood samples were collected for
evaluation of liver and renal function analyzes during each MTX cycle. OM was daily
evaluated from D1 to D15 using WHO scale in each cycle.

Results: The patients totalized 255 cycles of chemotherapy with HD-MTX infusion.
OM were diagnosed in 191 (74.9%) of chemotherapy cycles using HD-MTX. Of these,
119 (46.6%) presented ulcerative lesions (grades 2, 3 and 4). No association was
found between delayed excretion of MTX and OM development. Lymphoma patients
were associated with severe grades of OM (p=0.01) and OM was associated to higher
aspartate aminotransferase (p=0,006) alanine aminotransferase (p=0,04) and
creatinine (p=0,008) values. Poisson regression demonstrated that patients with
increase of one unit of total bilirubin have 11% higher prevalence of OM. The increase
in one unit of indirect bilirubin increase the prevalence of OM in 39%. Patients with
lymphoma that presented one unit of creatinine level had 37% higher prevalence of
OM.

Conclusion: OM is a prevalent complication of childhood cancer patients submitted to
HD-MTX, especially in lymphoma patients. HD-MTX clearance time was not related to
OM. However, renal and hepatic toxicity could be considered risk factors for OM,
especially in patients with lymphoma. Preventive strategies for OM should be planned

for these patients
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1| INTRODUCTION

Cancer incidence in childhood varies among countries worldwide. It incidence
in children aged 0-14 years is around 140-6 per million person-years, and in 0-19
years is approximately 155-8 per million person-years, representing 2 to 3% of all
cancers.'3.The most common types of tumors that affect these group of patients are
leukemias, central nerve tumors, tumors of abdomen, lymphomas, osteosarcoma and
rhabdomyosarcoma.?? Despite dramatic improvements in therapeutics and early
detection, cancer still being the second major cause of infant mortality in developed
countries. In Brazil, 12.500 new cases per year are diagnose with cancer every year
and about 2.704 children die from cancer.? The treatment of childhood cancer involves
multimodality therapy (surgery, radiotherapy, and systemic therapy using cytotoxic
agents) which have been resulting in dramatic increases in patient’s survival rates.
Treatment is generally adjusted for stage of disease or risk-factors, with more
aggressive regimens being used with advanced or metastatic disease.*®
Chemotherapy protocols generally have narrow therapeutic window, making the

difference between the antitumor doses and those causing the toxicity are very low.5

Methotrexate (MTX) has been widely used as an anticancer agent in most
chemotherapy protocols in childhood cancer. MTX acts on the S phase of the cell cycle,
interfering with the folic acid receptor, blocking DNA synthesis.?1! Despite its clinical
success, several adverse effects and toxicities such as skin, oral, hepatic and renal
toxicity continue to challenge its use in clinical practices.'-13

Oral mucositis (OM) is considered one of the most debilitating adverse effects
of chemotherapy, including the use of MTX. Approximately 80% of childhood cancer
patients will experience OM to a certain extent varying according to cancer type and
treatment procedure.'t1415 OM represents an inflammatory reaction of oral mucosa
that clinically appears as an erythema or painful ulcerative condition. It starts 3 to 10
days after the chemotherapy infusion!’16, Severe forms of OM causes shortcomings
in eating and swallowing, increase rates of secondary infection and impact patient’s on
guality of life. In addition, OM can lead to reduction of chemotherapy dose, treatment
delays, prolong hospital stays and increase mortality.1114 The main risk factor for OM

development included: type of treatment, previous oral health status, age,
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inflammatory mediators level and also especially for MTX, the variation in the
expression of genes that encode enzymes responsible for its metabolism, transport
and excretion.'3 1719 Although the OM is considered an important side effect of MTX
treatment, the exact mechanisms involved in the development of this condition and
their association with the MTX metabolism is not clear in the literature. Therefore, the
main aim of the present study was to evaluate the relationship of OM development with
MTX metabolism time (MTX excretion) and hepatic and renal toxicity in childhood
cancer patients submitted to high-dose methotrexate therapy (HD-MTX).

2 | MATERIALS AND METHODS

The present prospective cohort study was conducted at Pediatric Oncology
Service (Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil) followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement: Guideline for Reporting cohort studies.?° In addition, received approval from
the Institutional Human Research Ethics Committee (HCPA protocol 16-0608).

Patients and/or their legal guardian signed an informed consent.

2.1 | Study population

Eighty-three consecutive childhood patients (aged 0 to 18 years) submitted to
HD-MTX (>1g/m?) in some chemotherapy cycle for the treatment of leukemia,
osteosarcoma and lymphoma between January 2015 and August 2018 were
evaluated. Exclusion criteria comprised failure to attend to clinical evaluation of OM
session and patients with recurrence diseases. All patients submitted to treatment
based in MTX included in this study received hyperhydration, bicarbonate to decrease
kidney precipitation of MTX globules, and leucovorin rescue, with dose adjustment
according to MTX concentration curve estimated every 24h to reduce the development
of adverse effects. All included patients received oral hygiene instructions (tooth
brushing with soft brushes, rinsing with 0.12% alcohol-free chlorhexidine digluconate)

prior to chemotherapy.
2.2 | Procedures

Figure 1 displays the study flowchart. Patient demographics and data about

baseline disease, treatment protocol and dose of MTX were collected. All patients were
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followed from the day of chemotherapy infusion, and this follow up until 15 days after
the infusion, each period was considered a cycle. Blood samples were collected on
days D1 (onset of chemotherapy), D5 (onset of immunosuppression), D10 (peak on
immunosuppression), and D15 for liver function [bilirubin (BB), aspartate
aminotransferase (AST), alanine aminotransferase (ALT) ] and renal analyzes
(creatinine and urea) in each MTX cycle. In addition, information of MTX serum level
(MTX excretion) were obtained in each 24h after MTX infusion until the MTX serum
level of 0.2uM. OM was daily evaluated from chemotherapy infusion (D1) until fifteen
days after the beginning of treatment (D15). The World Health Organization (WHO)?!
scale was used (grade 0 = no mucositis; grade | = erythema without lesions; grade Il
= ulcers, but able to eat; grade Ill = painful ulcers, but able to consume liquid food
(nutrition) with analgesia for support; grade IV= requires parenteral or enteral support
and continuous analgesia). Patients that presented OM received photobiomodulation
(PBM) treatment following the protocol previously described by Weissheimer et al.,
2017.22



FIGURE 1: FLOWCHART
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2.4| Statistical analysis:

The highest value of each variable collected through the tests (BB, AST, ALT,
Urea and Creatinine) in the same chemotherapy cycle was calculated. The comparison
of the means of these variables was performed using the generalized estimated
equations (GEE) model. These analyzes were adjusted for the dose used in each cycle
and associated with the presence and severity of OM presented in the cycle. The
model was composed of an independent working correlation matrix, a robust estimator
covariance matrix and a gamma distribution with logarithmic binding function.?® When
significant, the Bonferroni post-hoc test was used. The clearance time analysis was
measured, and the distribution of this time was compared to the degrees of mucositis
presented by the Mann-Whitney test. Poisson regression model was used to estimate
prevalence ratios (PR) and 95% CI studied in relation to the outcome presence of OM
being adjusted by dose. Statistical significance was obtained by the generalized linear
model using Poisson distribution and evaluated by the Wald test. The analyzes were
performed using SPSS version 25. The significance level adopted was 0.05.

3| RESULTS

Patient characteristics

Eighty-tree patients were included during 3 years between 2015 -2018, these 6
had to be excluded due to some clinical or laboratory evaluation, leaving a sample of
77 patients. Male accounted for 44 cases (57%) and female for 33 (43%) with age
varying from 0 to 17 years old (8.36+ 4.88). Leukemia (62.4%), osteosarcoma (19.5%)
and lymphoma (18.1%) were the diagnosed diseases (Table 1). The patients totalized
255 cycles of chemotherapy with MTX infusion, 113 (44.3%) were performed in
leukemia patients, 104 (40.8%) in osteosarcoma and 38 (14.9%). The mean of time of
MTX infusion was 17.1h (¥9.0) in leukemias, 4.0h (= 0.0) in osteosarcoma and
lymphoma was 8.0 (+ 8.7) (Table 1).
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Table 1. Patients demographic characteristics and time of infusion according to the base
disease.

Age Gender Time of infusion (h)
Base Disease Mean (SD) Min Max Male Female Mean (SD)  Median
n (%) n (%)
Leukemia (n=48) 6.4 (4.2) 0 17 27(56.3) 21(43.8) 17.1(9.0) 24[6; 24]
Osteosarcoma (n=15) 12.2 (3.9) 6 17 7467 8(33) 4000 4[4 4
Lymphoma (n=14) 11.0 (4.5) 3 17 10(71.4) 4(286) 80087 4[3 6]
Total (n=77) 8.36 (4,8) 0 17 44(57.1) 33(42.9)  10.2(9.0) 4[3;24]

All patients received HD-MTX (> 1g / m?) associated or not to other
chemotherapeutic agents according to treatment protocol for each patient.
Osteosarcoma patients received exclusively MTX and usually 12g/mz2. In these patients
in 12 cases the dose of MTX was reduced for due to side effects. Patients with
leukemia received different treatment protocols with MTX infusion occurring in the
consolidation phases alone or associated with cyclophosphamide and doxorubicin. In
the group undergoing treatment for lymphomas, MTX were infused concomitantly with

cyclophosphamide associated with doxorubicin or cytarabine.

From the 255 cycles analyzed in 77 (30.2%) had delayed the expected
elimination of MTX, taking more than 72h to reach the non-toxic level to the organism
(0.2 pM). Of them 30 (26.5%) out of 113 analyzed leukemia cycles, 35 (33.6%)
referring to the 104 cycles analyzed in osteosarcoma and 13 (34.2%) of 38 cycles in

lymphoma patients.

The analyzes of renal and liver function were evaluated according to the base
disease (Table 2). In general, patients with lymphoma showed significant higher levels
of BB, BBD, BBI and urea. Patients with osteosarcoma exhibited higher levels of AST,

ALT and creatinine.



31

Table 2. Comparison of marker means between diseases

Leukemia Osteosarcoma Lymphoma
(n=113) (n=104) (n=38) p-value
median [p25; p75] median [p25; p75] median [p25; p75]

BB 0,3a[0,3; 0,5] 0,3a [0,3; 0,5] 0,6b [0,3; 1,2] 0,002

BD 0,2b [0,1; 0,2] 0,2ab [0,1; 0,3] 0,3a[0,1; 0,7] <0,001

Bl 0,2b [0,2; 0,3] 0,2a [0,2; 0,2] 0,2b [0,2; 0,4] 0,003
AST 34,0b [27,0; 44,0] 66,5a [34,0; 146,0] 24,5b [17,0; 45,0] <0,001
ALT 40,0b [22,0; 97,0] 118,0a [51,5; 275,5] 31,0b [21,0; 146,0] <0,001
Urea 22,0b [16,0; 29,0] 27,0a [21,0; 33,5] 28,5a [20,0; 40,0] <0,001
Creatinine 0,35b [0,29; 0,42] 0,56a [0,40; 0,75] 0,47a[0,37; 0,59] <0,001

* Comparison performed by the Kruskal-Wallis Test; when significant, Dunn's post hoc test was used.
Distinct letters represent categories with statistically distinct distributions.

Oral Mucositis (OM) and MTX excretion analysis

OM were diagnosed in 191 (74.9%) of chemotherapy cycles using MTX. Of
these, 119 (46.6%) presented ulcerative lesions (grades 2, 3 and 4 of WHO scale).
Severe grades (grades 3 and 4) were observed in 39 (15.3%) cycles. OM analyses
according to the disease diagnose were demonstrated in Table 2. In general, ulcerative
grades of OM were observed in 69.9% of patients with leukemia, 77.9% of patients
with osteosarcoma and 81.6 % with lymphoma. Severe grades of OM (grades 3 and
4) were observed more in patients with lymphoma than in leukemia and osteosarcoma
(p=0.01) (Table 3).

Table 3. Comparison of OM episodes in different diseases

Leukemia Osteosarcoma Lymphoma
(n=113) (n=104) (n=38) p-value
n (%) n (%) n (%)
" Abscence 34 (30,1) 23 (22,1) 7 (18,4)
Oral mucositis (OM) 0,236
Present 79 (69,9) 81 (77,9) 31 (81,6)
. : Absence (0 or 1) 69 (61,1) 50 (48,1) 17 (44,7)
Ulcerative lesions 0,082
Present (2, 3 or 4) 44 (38,9) 54 (51,9) 21 (55,3)
Abscence (0,1 or 2) 99 (87,6) 91 (87,5) 26 (68,4)
Severe grades 0,01
Present ( 3 or 4) 14 (12,4) 13 (12,5) 12 (31,6)

* Chi-square test. In bold analysis of adjusted standardized residuals greater than 1.96.

In all patients’ cycles analyzed, the excretion time of MTX (since the infusion
until to reach the serum level of 0.2uM) ranged from 48h to 264h. In table 3 are
demonstrate the results of the excretion time of MTX and the OM analysis. No
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association was found between delayed excretion of MTX and OM development (Table
4).

Table 4. Excretion time of MTX cycles and the OM analysis in different diseases.

Non-ulcerative OM Ulcerative OM
Median Median
min-max n min-max (h) n p-value
[p25; p75] [p25; p75]
Leukemia (n=113) 72 [72;72] 48 - 144 69 72 [48;96] 24 - 240 44 0.825
Osteosarcoma (n=104) 72 [72;96] 48 - 144 50 72 [72;96] 48 - 264 54 0.997
Lymphoma (n=38) 72 [48;72] 48 - 144 17 72 [60; 108] 48 - 192 21 0.107

# Mann-Whitney’s test

The relationship among OM, excretion time of MTX, renal and liver function
were evaluated as demonstrated in table 5. No statistically significant relationship was
observed between changes in liver and kidney enzymes and the development of OM
in patient with leukemia and osteosarcoma. Patients diagnosed with lymphoma were
positively associated with higher ALT, AST and creatinine values and OM
development. However, when the prevalence ratio through Poisson regression was
calculated, a relationship between alteration in liver marker BB and increased chances
of developing OM was observed in the three diagnoses. The increase of one unit of
total BB unit increased the prevalence of OM in 11%. In addition, when BI increase
one unit the prevalence of OM increased in 39%. Using this model of analysis, once
again the patients diagnosed with lymphoma deserve to be highlighted when relating
OM with renal markers, where the increase of one unit in creatinine level increased the

prevalence of OM in 37%.
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Table 5. Analysis of relationship of OM with renal and liver function in different
diseases.

a1 Leukemia (n=113) Osteosarcoma (n=104) Lymphoma (n=38)
n Median [IC95%] p value n Median [IC95%] p value n Median [IC95%] p value
34 0,401 [0,349; 0,461 0,452 [0,340; 0,600 7 0,537(0,292; 0,988
g Absence t 1 0080 2 [ I a8 [ I on
Present 79 0,476[0,414; 0,547] 81 0459[0,374; 0,565 31 1,041[0,699; 1,548
34 0,169 [0,138; 0,206 0,247 [0,174; 0,349 7 0,283[0,140; 0,571
pgp  Psence [ o102 2 [ 0,839 f I oors
Present 79 0,208[0,175; 0,247] 81 0,256 [0,190; 0,345] 31 0617[0417: 0912
34 0,235[0,207; 0,266 0,222 [0,178; 0,278 7 0,254[0,138; 0,468
pp  Absence f I oo 2 t I om t I o152
Present 79 0274[0,240; 0,312] 81 0,223[0,196;0,254] 31 0,399[0,255; 0,625]
34 42,5[289; 625 04,4 [68,806; 158,281 7 27,6 [19,4; 39,2
asT  Absence L I osu 2 L 0,919 [ 1 o006
Present 79 44,8[363 553] 81 06:8[81083; 140,677 31 43,1[26370,6]
4 1,4 [33,0; 80,2 185,9 [111,0; 3114 7 4210187,
a7 Absence 3 S4B 02 o 2 B[O STV N
Present 79 72,1[554;939] 81 197,6[148,4; 263,1] 31 87,8539 1430
34 23,1[195 27,3 25,7 [20,6; 32,2 7 24,4 [18,4; 32,5
e TEIE [ I s 2 [ I o463 [ I oo
Present 79 22,6[20,5 25,0] 81 27,9 25.1; 30,9] 31 335[27,8,403]
34 0,427[0,33L; 0,550 0,616 [0,503; 0,754 7 0,394[0,335; 0,463
Creatinine *oo1ce L I 0278 2 [ I a1 [ 1 0008
present 79 0,376[0,338; 0,418] 81 0,601[0473; 0,763] 31 0595[0451; 0,784

#GEE model -Gamma distribuction — dose-adjusted analyzes of each chemotherapy

BB=total bilirubin; BBD= direct bilirubin; BBI= indirect bilirubin; AST= aspartate aminotransferase; ALT= alanine aminotransferase

4| DISCUSSION

MTX is a chemotherapeutic agent routinely used to treat pediatric cancer,
including leukemia, osteosarcoma and lymphoma. MTX interferes in folic acid
metabolisms, and it is well elucidated in the literature the relationship of HD-MTX and
various side effects. In addition to nephrotoxicity, neurotoxicity and hepatotoxicity, OM
has been the goal of many studies due to morbidity, association with secondary
infections, induction of parenteral nutrition, interference with planned doses and
prolongation of hospitalization days and worsening patient’s quality of life-81%.17
However, there are few studies evaluating these aspects in the pediatric
population.1>11.24-30 Here, we evaluated in a pediatric population the relationship
between MTX excretion and liver and kidney function changes, in order to better
understand factors that may be predictive of the onset of OM. In general, our results
demonstrated high incidence of OM in pediatric patients however, we do not found
evidence of the relationship between MTX clearance time with OM. Hepatic (ALT and

AST) and renal markers (creatinine) was associated to OM in lymphoma patients.

In the present study, the inpatients children evaluated showed OM in 75% of
255 chemotherapy cycles with HD-MTX. From these, 46.6% presented WHO grade =
2 oral. These results are in accordance with the current literature that appointed a
prevalence range of 33 to 80% of OM in pediatric chemotherapy patients!® 27 31-35 |n
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addition, it has been reported that in pediatric patients that received MTX therapy the
incidence of OM is expected to affect more than 50% of children®6:3. This value is quite
variable because it depends a lot of the study methodology, the infused doses, the
protocols adopted and concomitant with folic acid replacement, introduction of
preventive measures for OM, hyperhydration, age group analyzed, OM graduation

system used for evaluation, among several other factors.?”:3!

Our results about the high incidence of OM in pediatric patient support the idea
that is crucial to adopt preventive protocols for OM in pediatric group that will receive
treatment for leukemia, osteosarocma and lymphomas. It is important to reinforce that
all patients were examined once a day after chemotherapy protocol started.
Immediately OM was clinically identified a treatment protocol with daily PBM therapy
was initiated.?? This approach probably reduced the severity of OM during the following
days and promoted oral mucosa healing.384° We identified only 15.2% of our patients
with WHO grades 3 and 4 (severe cases) contrasting the Otmani et al.?® study in which,
patient that do not received PBM treatment protocol for OM showed 32.3% of patients
with severe degrees of OM. Currently, systematic reviews have shown positive results
with the use of PBM for prevention and treatment of OM.3%4! In our service, after the
present study a preventive protocol with PBM was instituted in the management of
pediatric cancer patients undergoing HD-MTX.

Regarding the type of base disease, all groups presented high incidence of
ulcerative grades of OM being 69.9% of leukemia patients, 77.9% of osteosarcoma
and 81.6 % of lymphomas. Usually in the literature leukemia and lymphomas are
evaluated together and has been reported that children with hematologic malignancies
showed a 7.0 and 7.1 times increased risk of developing OM compared with CNS and
solid tumors.?” It is important to reinforce that pediatric tumors are rare lesions which
is a challenging for clinical studies specially for analysis of specific subtype of diseases.
However, here we got to evaluated leukemia and lymphomas singly and interestingly
findings were observed. Severe grades of OM (grades 3 and 4) were associated to
patients with lymphomas than in leukemias and osteosarcoma (p=0.01). Our results
revealed that is important to try to evaluate in separate the subtypes of hematologic

diseases and the risk factors for toxicities including OM.

Next, we examined the relationship of HD-MTX excretion with OM status. No
association was found between delayed excretion of MTX and OM development in
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children inpatient analyzed. This result agrees with Allen et al.?’ and Tsurusawa et
al.*?that also did not observed association between OM and HD-MTx administration in
children. During follow-up only 77 (30.2%) of 255 cycles demonstrated delayed in MTX
excretion, which may have influenced the lack of statistical association between
delayed excretion and the development of OM. By the other hand, other studies
reported that HD-MTX excretion delayed is a risk factor for OM development.®3536 |n
a pilot study, published in 2007 Cheng et al.®® found a statistically significant result
between longer MTX excretion time (66h) with development of OM (OR = 8.2 95% CI
1.4-47). Park e Shin® also demonstrate higher plasma MTX levels (48h and 72h)
associated with OM (p = 0.007 and p = 0.046) in 37 pediatric osteosarcoma patients.
It is important to highlight that in our institution the patients submitted to HD-MTX
receive strict hyperhydration, regular folinic acid rescue, bicarbonate infusion and MTX
serum level monitoring which improves the general patient’s condition and could
prevent the development of side effects. Also, as OM started, we implemented PBM
therapy which has been associated to improvement in OM lesions. Also, itis important
to discuss that genetic polymorphisms in the metabolic and cellular transport pathway
of MTX could influence several clinical outcomes such as response to therapy, duration

of hospitalization and development and severity of OM.1343

In leukemia and osteosarcoma patients no association was observed between
OM and hepatic and renal enzymes analyzes, however when the three groups were
analyzed using Poisson regression, it was shown that the increase in BB levels
increases the prevalence of OM, with a higher value associated with Bl (39%). Besides
that, patients with lymphoma that presented OM were positively associated with
hepatic (higher ALT, AST) and renal alteration (higher creatinine values). Moreover,
our research demonstrated by the prevalence ratio that alters the level of rearing in
one unit is already enough to increase the prevalence of OM by 37%. The association
of increase of OM and some chemotherapy protocols have been reported.344 Usually,
patients with hematologic diseases presented higher incidence of OM compared to
solid tumors.?>31 In this study, the increase in total BB levels demonstrated an 11%
higher prevalence of OM, and when analyzed Bl, a 39% increase in the overall sample.
Bl is also usually associated with hematologic diseases, because as it is formed at the

moment of red blood cell destruction and may be altered when there are blood
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changes.*® No studies were found that separately analyzed Bl and BD in pediatric

patients, when analyzing relationship with OM.

HD-MTX have been associated with hepatic toxicity with elevations of serum
ALT and AST values, but these laboratory findings have no clinical significance and
require no adjustment of subsequent courses of HDMTX because most cases are
transient and reversible (HOWARD 2016). However, the association of HD-MTX with
other chemotherapy agents can promote higher liver and renal dysfunction and be
associated to OM development. Then, we believe that the association of OM and
hepatic and renal toxicity in our lymphoma patients occurs probably due to the use of
HD-MTX with other chemotherapy agents (doxorubicin, cyclophosphamide and
cytarabine). All of these chemotherapy agents used on lymphomas protocols have
been associated to hepatic and renal toxicity and it is not possible to appoint only one
drug as responsible for the toxicity issue.314647 Qur results are in agreement with other
studies demonstrating the need for greater attention to lymphoma patients regarding
toxicities, including OM.444849 |n addition, other aspects such as immunologic
mechanisms of the host and genetic factors are also very important and should be

analyzed in future studies to understand and prevent these toxicities.*8-°0

Clinical research in this field is challenging since cancer in pediatric patients that
need the use HD-MTX is not so prevalent, the necessity of large number of patients
and a wide variety of protocols that can cause toxicities. Besides that, a limitation of
our research is the inability to include patients that are receiving therapy on an
outpatient basis. Although all these difficulties, in the present study we were able to
analyze a substantial number of cycles and the patients were closely followed from the
clinical and laboratory point of view. Our results reinforce the need of identification of

risk factors for OM to qualify and individualize preventive protocols.
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CONCLUSIONS

OM was a prevalent complication of childhood cancer patients submitted to HD-
MTX indicating that OM preventive measures should be planned for these patients. No
association was observed between HD-MTX clearance time and OM. Besides that,
patients with lymphoma presented more risk to development OM with hepatic and renal
toxicity indicating that a close monitoring of these patients is necessary for predict,

prevent and treat all toxicities.
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4 CONSIDERACOES FINAIS

O MTX é um dos quimioterapicos utilizados no tratamento do cancer infantil e que
ocasiona Vvérias toxicidades que por sua vez, podem levar a interrupcao do tratamento.
Dentre essas complicacdes, a MB € uma das mais prevalentes. Em razéo, disso
conhecer os possiveis fatores agravantes ou preditores do desenvolvimento de MB se
tornou fundamental para qualificar o tratamento e proporcionar menor morbidade,

ainda mais quando se trata de pacientes pediatricos.

Apesar da intensa toxicidade geral ocasionada pelo uso do MTX, monitorar seu
tempo de depuracdo ndo mostrou associa¢cdo com desenvolvimento de MB. Por outro
lado, o monitoramento de enzimas hepaticas e renais, mostrou ser importante como
fator preditor de MB, pois alteracdes de BB total aumentaram a prevaléncia de MB em
10%, e no caso da BBI o aumento de um ponto representou 39% maior prevaléncia
de MB.

Os pacientes com diagnostico de linfoma, costumam receber protocolos mais
variados e apresentar mais toxicidade, necessitando de maiores medidas de suporte.
Observamos no presente estudo associacao positiva entre aumento de ALT, AST e
creatinina com maior incidéncia de MB. Além disso, os pacientes deste grupo
apresentaram 37% maior prevaléncia de MB quando obtiveram aumento de um ponto

de creatinina.

Os estudos que avaliam MB e seu fatores de riso em pacientes pediatricos sao
escassos, sendo necessarios mais estudos para afirmar e demonstrar que resultados
poderiam nos indicar maior necessidade de atencéo e, no que tange este aspecto, 0s

polimorfismos génicos vem ganhando cada vez mais evidéncia.

Ficou evidenciada a alta prevaléncia de MB nos pacientes pediatricos deste
estudo e, portanto, medidas preventivas se fazem necessarias. A fotobiomodulacao
vem apresentando resultados muito positivos no tratamento e prevencdo da MB,
porém em muitas instituicbes esta abordagem néo € uma realidade pela auséncia de
equipamento e pessoal treinado. Em outras instituicbes, a FBM preventiva sendo
priorizada para pacientes com alto risco de MB como os submetidos a transplantes de
células tronca progenitoras e submetidos a radioterapia de cabeca e pescoco. Os

resultados do nosso estudo demonstram a necessidade de implementacdo de
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cuidados preventivos de MB para criancas em tratamento oncoldgico, especialmente
as com linfomas. No servico de Oncologia pediatrica do Hospital de Clinicas de Porto
Alegre diversas medidas de suporte ja sdo utilizadas como protocolos de prevencéo
as toxicidades e apoOs este estudo mais uma foi introduzida: o uso da
fotobiomodulacéo preventiva em pacientes que recebem AD-MTX com objetivo de
diminuir incidéncia e a gravidade de MB. O desenvolvimento desta pesquisa resultou
numa melhor qualificagéo dos servigos ofertados e melhor cuidado ao paciente

oncoldgico infantil.
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APENDICE 1

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Estamos convidando a pessoa pela qual vocé € responsavel para participar,
como voluntario, da pesquisa “Estudo da relacdo entre os polimorfismos CYP2C9
(*2rs1799853 e *3rs1057910) e ABCC2 (*rs717620) com a severidade de mucosite
bucal e evolucédo clinica de pacientes pediatricos”. Apos ser esclarecido(a) sobre as
informacgdes a seguir e caso aceite que seu(sua) filho(a) faca parte do estudo, assine
ao final deste documento, que estd em duas vias. Uma delas é sua e a outra é do
pesquisador responsavel. Em caso de recusa seu(sua) filho(a) ndo sera penalizado
de forma alguma. Em caso de divida vocé pode procurar o Comité de Etica em
Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA).

Justificativas

Durante o tratamento oncoldgico (quimioterapia e/ou radioterapia) € comum
observarmos uma série de efeitos adversos, como a mucosite bucal. Esta se
caracteriza por “feridas” na boca que podem causar desconforto, dor e até impedir a
ingestdo de liquidos e sdélidos de acordo com a sua severidade. Além disso, estas
lesGes podem ser porta e entrada para infec¢des por fungos e bactérias. 70 a 100%
dos pacientes submetidos a este tratamento desenvolvem esta complicacéo.
Atualmente acredita-se que o grau de severidade da mucosite esta associado a
variacbes em alguns genes que sao responsaveis por metabolizar e eliminar os
componentes do tratamento quimioterapico.

Sendo assim, este estudo ird associar dois genes (CYP2C9 (*2rs1799853 e
*3rs1057910) e ABCC2 (*rs717620)) com a severidade de mucosite bucal em
pacientes que estejam recebendo quimioterapia com metotrexato, ciclofosfamida ou
doxorrubicina.

Procedimentos do estudo

Se aceitar participar do estudo, sera realizada previamente ao tratamento
quimioterapico uma adequacéo bucal. Esta € uma consulta odontolégica em que, se
0 paciente apresentar necessidade de tratamento (carie, tartaro, etc) o recebera. Ao
iniciar a quimioterapia, sera realizada uma coleta de sangue para assisténcia de
acordo com a rotina do tratamento. Neste momento serao coletados 3mL (equivalente
a uma colher de café) de sangue a mais para a pesquisa. O paciente que participar
da pesquisa receberd 04 avaliagbes: no dia em que iniciar o tratamento, 5, 10 e 15
dias apds o inicio do tratamento. Nestes dias 0 pesquisador examinara a boca do
paciente para ver se existe alguma lesao, e avaliara se este esta sentindo dor na boca,
se esta conseguindo comer e ingerir liquidos. Além disso, serdo analisadas
informacgdes clinicas contidas no prontuario do paciente. O ndo comparecimento a
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uma destas 04 avaliacdes implica na retirada do paciente do estudo. Uma vez que o
paciente apresente alguma lesdo de mucosite, ele receberd o tratamento de
laserterpia. O laser é aplicado na lesdo fazendo com que esta cicatrize mais rapido.
Além disso, em caso de apresentar algum problema dentario, o paciente recebera
tratamento adequado para este.

Beneficios, riscos e/ou desconfortos associados a participacdo no estudo

Como beneficio a participacdo desta pesquisa, 0 paciente receberd suporte
odontolégico antes de iniciar o tratamento, e havendo necessidade durante o
tratamento. Em caso de mucosite bucal, o participante recebera aplicacdes de laser
como tratamento. No entanto, esta terapia € oferecida a todos os pacientes do Servigco
de Oncologia Pediatrica (SOP) do HCPA, e o participante podera receber mesmo que
nao participe do estudo.

Os riscos relacionados a pesquisa sdo minimos, e se configuram por serem
inerentes aos procedimentos ja realizados assistencialmente, como a coleta de
sangue. Durante as consultas odontoldgicas e eventual tratamento dentario (quando
necessario) o paciente podera relatar dor ou desconforto devido as lesbes
apresentadas, contudo estas serao minimizadas de acordo com protocolos do estudo.

Voluntariedade

A pessoa pela qual vocé é responséavel ndo é obrigada a participar deste estudo
e a recusa ou desisténcia de participacdo na pesquisa, no momento em que desejar,
nao acarretardo qualquer penalidade.

Ressarcimento

N&o esta previsto nenhum tipo de pagamento pela participagdo no estudo e o
participante ndo tera nenhum custo com respeito aos procedimentos envolvidos.

Confidencialidade dos dados

Os pesquisadores se comprometem em manter a confidencialidade dos dados
de identificacdo pessoal dos participantes e os resultados serdo divulgados de
maneira agrupada, sem a identificacdo dos individuos que participaram do estudo.

Esclarecimentos e contatos
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Todas as duvidas poderdo ser esclarecidas antes e durante o curso da
pesquisa com a pesquisadora responsavel Manoela Domingues Martins e com a
pesquisadora Marina Curra no Departamento de Patologia Bucal da Faculdade de
Odontologia da Universidade Federal do Rio Grande do Sul, que fica na Rua Ramiro
Barcelos, 2492, 5°andar, sala 503, ou atraves do telefone 33085011, das 8h as 18h.

O Comité de Etica em Pesquisa também podera ser contatado para
esclarecimento de duvidas, no 2° andar do HCPA, sala 2227, ou através do telefone
33597640, das 8h as 17h, de segunda a sexta;

Declaro ter sido convenientemente esclarecido(a) e fui informado(a) que os
procedimentos a serem adotados respeitam as respectivas declaracoes e resolucdes
que rezam sobre o assunto.

Nome do participante

Assinatura (se aplicavel)

Nome do responséavel

Assinatura

Nome do pesquisador

Assinatura

(aquele que conduziu o processo de consentimento)

Local e data;:



APENDICE 2

HCPA - HOSPITAL DE CLiNICAS' DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUACAO

COMISSAO CIENTIFICA

A Comissdo Cientifica do Hospital de Clinicas de Porto Alegre analisou o projeto:

Projeto: 160608
Data da Versao do Projeto:  20/11/2016

Pesquisadores:

LAURO JOSE GREGIANIN

MICHAEL EVERTON ANDRADES
MANOELA DOMINGUES MARTINS
AMANDA DE FARIAS GABRIEL

MARINA CURRA

MARIO CORREA EVANGELISTA JUNIOR
JESSICA BERTE VALER

MARIA BEATRIZ CARDOSO FERREIRA
MARCO ANTONIO TREVIZANI MARTINS

Titulo: ESTUDO DA ASSOCIAGAO DOS POLIMORFISMOS C677T e A1298C DO GENE
METILENO TETRAHIDROFOLATO REDUTASE (MTHFR) COM A SEVERIDADE DE
MUCOSITE BUCAL, TOXICIDADE HEPATICA E CONCENTRAGAQ SERICA DE
METABOLITOS DE METOTREXATE (MTX) EM PACIENTES PEDIATRICOS

Este projeto foi APROVADO em seus aspectos éticos, metodoldgicos, logisticos e financeiros para
ser realizado no Hospital de Clinicas de Porto Alegre.

Esta aprovacdo esta baseada nos pareceres dos respectivos Comités de Etica e do Servigo de Gestéo
em Pesquisa.

- Os pesquisadores vinculados ao projeto néo participaram de qualquer etapa do processo de avaligao de
seus projetos.

- O pesquisador devera apresentar relatdrios semestrais de acompanhamento e relatério final ao Grupo
de Pesquisa e Pos-Graduacéo (GPPG)

Porto Alegre, 20 de margco de 2017.

Coordenador CEP/HCPA



